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DRS2018, hosted by the University of Limerick and the Limerick Institute of Technology is the first
international biennial conference of the Design Research Society since the 50th anniversary
conference in Brighton. This represented both a challenge and an opportunity; a challenge to meet
the high standards set in 2016, but an opportunity to contribute to a growing design research field.
The balance between these has translated into the conference theme of Catalyst. A catalyst is
something that precipitates events; it is the coming together of different entities to generate
something new; it is the spark for wider change. Framed by the Catalyst theme, these proceedings
explore existing and emergent areas at the intersections of design research, practice, education and
policy.

The conference itself built further on innovations from the past two conferences; developing more
interactive conversation and debate formats, and providing a forum for practice-based research
through the increasingly popular workshops. A PhD by Design day, first initiated at DRS2016,
provided a platform for PhD researchers to learn new skills, present their work, and network with
other researchers. The design of the conference, however, was largely formed around the managed
theme tracks which included themes relating to the Special Interest Groups of the DRS. In some
cases theme tracks emerged from conversations held at previous conferences, representing a
pleasing continuity.

From the initial calls for participation there was a great deal of interest in the conference. Once
again we had a truly international range of work presented and published in these proceedings. The
original call for theme tracks yielded 46 proposals from which 24 were selected. These formed the
backbone of the conference and of these proceedings. The theme tracks represent an increasing
engagement with new technologies and data but also reflect contemporary social and political
concerns, and the need for different types of design research voices to be heard. In particular, the
programme committee were committed to bringing diverse global perspectives into play during the
conference.

Following the call for theme tracks, the call for papers resulted in 470 submissions of which, after a
rigorous peer-reviewing process, 218 (46%) were finally accepted for presentation and publication.
This is a slightly decrease in the acceptance rate from the previous conference indicating a
corresponding increase in the quality of the proceedings papers. Although some papers were
submitted to an open call, the majority of papers were submitted to theme tracks, with each track
being managed through the peer-review process by a track chair and all peer-review overseen by the
Programme Committee. In total nearly 1000 paper reviews were written by 330 reviewers. The
opportunity for authors to rate and comment on the reviews they received has further helped drive
up the quality of peer review for future conferences.

DRS2018 reflects the coming together of many different perspectives and themes. As with previous
conferences its design has been emergent, developing over the two years prior to the conference. It
has been the result of many discussions and collaborations both within the Limerick team and the
DRS more generally. The conference, and the proceedings that have resulted, are an extensive
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collaboration between many people but we would especially like to thank the local organising
committee comprising members from the University of Limerick (UL), The Limerick School of Art and
Design (LSAD) at the Limerick Institute of Technology, as well as members of other Irish academic
institutions all of whom contributed valuable insight and experience. We'd also like to thank the
track chairs who worked tirelessly and diligently to organise their tracks, and the reviewers who
have ensured the high quality of the papers within those tracks.

Lastly but not least, we need to acknowledge the system that helped shape the way we worked
together and made our decisions: the ConfTool conference management system. For the uninitiated
ConfTool represents an awkward and mysterious interface. For the initiated it represents an
indispensable way to manage the complexity of every stage of the conference process. In a way that
echoes the conference theme, ConfTool has been a catalyst for our collective effort in bringing
DRS2018 together.

In this sense Design as a Catalyst becomes a thing; a thing in the Heideggerian sense of a gathering
of different entities coming together to deliberate on shared issues and reaffirming the role of DRS
as a leading forum for discussing design research from multiple angles. But also a thing in the sense
of something that escapes a specific definition, reflecting the impossibility and perhaps
undesirability of a specific definition of what design research is, and should be.

With this sentiment in mind, we sincerely hope that these proceedings catalyse positive change and
that the changes propagate to DRS2020 and beyond.

Go raibh maith agaibh,

Cristiano Storni, Department of Computer Science & Information Systems
Keelin Leahy, School of Education

Muireann Mcmahon, School of Design

Peter Lloyd, Vice Chair of the Design Research Society

Erik Bohemia, Events Secretary for the Design Research Society
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Design education for the general public is regarded as a catalyst for a move towards a better user
participation in design processes and a higher awareness of everyday consumer choices. By
educating the general public to become design literate, there is a chance for improved cooperation
with professional designers and a possible move towards sustainable societies. The challenge is to
articulate content, performance and continuity for such a design education.

Some countries have mandatory design education through primary and lower secondary school,
while other countries offer design education solely as an elective subject. Comparative curriculum
studies can be found in international reports such as ‘Education at a glance’, but curriculum studies
alone do not give insight in the content and quality of the studio/workshop practice. Some of the
papers in this track will give such valuable insight into how design education is practiced. Others
discuss organizational and/or philosophical aspects for design education.

The concept ‘design literacy’ addresses the complex matter of objectives, content and practices in
design education. Research on multiple literacies has evoked considerable debate and redefinition
within several areas of educational research (Coiro et al. 2008); it is no longer bound to the
understanding of literacy as the ability to read and write verbal text (Moats 2000). Visual literacy
(Stankiewicz 2003), media literacy (Buckingham 2003), ecological literacy (Stegall 2006) and design
literacy (Nielsen & Braenne, 2013) are among such newly coined literacies. Design literacy is
connected both to the creation and understanding of design in a broad sense, and is not limited to
only graphic design. Design literacy is regarded as a competence not only for the professional
designer, but also for lay people in their position as users, decision makers, and consumers (Nielsen
& Digranes 2007; Dong 2008).

Designed artefacts and services influence our lives and values, both from personal and societal
perspectives. Designers, decision makers, investors, and consumers hold different positions in the
design process, but they all make choices that will influence our future. In order to solve crucial
global challenges, designers and lay people must cooperate; for this purpose, we argue that design
literacy is necessary for all. We argue that the design literacies can underpin practices associated
with democratic participation in design processes, developing and enacting ethical responsibilities,
and understanding and supporting sustainable aspects of production and consumption.

Therefore, the track aims to explore the following points:
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e How development of design literacy can be supported in general education from primary to
higher education

e How design education for the general public can represent both a foundation for
professional design education and a prequalification for lay persons’ competence for
decision-making

e How might design literacy influence sustainability issues in society?

e What connections exists between the different levels of design education from primary to
the university level?

e How design education contributes to perceived and experienced curricula

e What is the relationship between design education and ideological curriculum?

Research addressing above points will be useful to inform changes in policy and educational
implementation. The importance lies in the needs to better inform design education itself, to
improve the quality of design educators, and to educate reflective consumers.

The papers

The papers in this track represent an insight in how design education for the general public is
performed in Norway, Chile, Australia, South Korea, China and in the United Arab Emirates. The
approaches in the papers are multiple. Some of them focuses on the content of design education at
university level, while other focuses on design education in primary and secondary schools. The two
are however interconnected, as design education at university level is closely related to how design
education is performed at lower levels. Changes in curriculum is not enough to change educational
practices.

Both creativity and technology are central themes in the papers, and there is no focus on excluding
the one for the other — rather the opposite. Both creativity and technology are central in developing
innovation skills and attitudes. The use of Augmented Reality (AR) and the development of Toolkits
can illustrate the complexity. Some of the papers emphasis the importance of combining tradition
and technology in design education. Other papers have a focus on how evaluation can influence
design practice. Culture and sustainability are also themes in several papers.
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The design and design education professions, also labelled ‘making professions’ have
a short history of research, and can be seen as in being the process of establishing
their professional identity. There seems to be a shift in both the content and studio
practice from solely the making of products, to thinking of design as a step towards
the betterment of society as a whole. This change is also seen within the field of
subject-matter didaktik related to design teacher training, where the legitimization of
design in education at lower educational levels is one of the topics currently debated.
The design professions’ justification of purpose — design as a driving force in the
development of an inclusive and sustainable society, is mirrored in the debate in
general education regarding the content and justification of design education in
schools. At the same time, schools across Europe outsource art and design education
to external artist led «culture and creativity programs». This outsourcing can be
questioned in terms of how it can erode the national repertoire of values, evaluation
criteria and collective considerations (Lamont & Thévenot, 2000) attained through
knowledge, skills and attitudes formed in teacher led workshop practice in design
(Enger et al., 2013).

general design education, culture education, professions, professional jurisdictions

1 Introduction

The field of design education and design professions have a relative short history of research in what
Dunin-Woyseth and Nilson (2012) see as vital for the practice related making disciplines. The
linkages between ‘design research connoisseurs/critics’ and ‘design practice connoisseurs/critics’ is a
direction in research that is desirable and now we see that «The development of the field of
practice-related design disciplines makes it more and more possible that there will be an increasing
number of people being both» (Dunin-Woyseth and Nilson, 2012 p.9). With this new orientation in
research, where the practitioners and educators are also the researchers, we see as a result that the
educators also develop theory led studio practice in the universities and colleges. A new stage in
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what can be called the ‘professionalization project’ has been reached (Nolin, 2008). The practitioners
not only own the studio but the research into professional practice and education as well. With my
background, in general education with a specialization in Design education, the continuous learning
in design has been one of the major concerns of my research. What do we choose as content for
design education at different levels, why this particular philosophy and focus, and how do we solve
education in the workshops, studios and classroom? The questions of What, Why and How of design
education is asked at all levels and they are never static (Digranes, 2006). They are also hard to see
as separate questions; from Why?, follows What?, and from What?, follows How?

2 From Design pedagogy to Design didaktik

The making disciplines have at their core the connection to the practice. Taking my cue from Dunin-
Woyseth and Nilson (2012), | also wish to highlight the connection between research and practice in
design education. There has between the university disciplines and the institutions that educate for
professions been a separation between ‘education research connoisseurs/critics’ and ‘subject-
matter education practice connoisseurs/critics’ (Dunin-Woyseth & Nilson 2012, p.9). This is why in
this article | have chosen to use the concept design didaktik instead of design pedagogy. Before |
continue into the topic | find it necessary to explain this choice seen form a Norwegian educational
context. In the Scandinavian tradition the research pertaining to subject specific educational
guestions is often referred to as subject-matter didaktik, in this case design didaktik. The concept of
didaktik — and here | use the German orthography of the word — originally from the German
education tradition, becomes problematic once applied in the English language without an
explanation. The Anglo-Saxon tradition have an understanding of what is encompassed by didactics
— and here | use the English orthography of the word — as pointing more directly towards
lecture/classroom methods and have instead opted for the use of other concepts. They speak more
broadly of educational theory and curriculum theory (Hopmann & Riquarts, 2000). The Scandinavian
countries have instead developed their educational research based on the German traditions with
the areas didaktik and pedagogy (Myhre, 2001). The Design Resarch Society and design research
have opted to start using the concept Design pedagogy (Tovey 2013). The fact that pedagogy mainly
focuses on learning and bildung on a wider scale (Myhre, 2001) is what makes it both too narrow
and too wide at the same time. This sounds like a paradox, but illuminates a situation where
pedagogy offers a general theoretical approach to learning and upbringing, which is necessary, but
does not relate specifically to a field of expertise — the specific subject-matter questions related to
design education (Klafki, 1997). This makes constructs such as English pedagogy, | would argue that
the understanding of the concept pedagogy within Design research seems to be a limited to use of
specific design methods. While talking of Design pedagogy, the research describes a specific method
rather than the more complex process of learning and upbringing. This is what leads me to suggest
Design didaktik is a more suitable approach.

Design didaktik was developed to provide subject definition to a theory base that might otherwise
get too comprehensive and narrow at the same time. It is defined by the question: What basic
knowledge should the next generation of citizens or professionals have in design, why, and how best
achieve it? is more specific than pedagogy, but at the same time it covers more than methods of
teaching or the written result in the curriculum or course plan (Klafki, 1997). It includes the
guestions regarding work, as requested by Abbott (1988) as it relates to the philosophy of education,
philosophy of design as well as knowledge of design history, professional practice, studio and
workshop experience, design theory i.e. (Aase, Streitlien, Lorentzen, & Tarrou, 1998). It also
articulates the justification of the field in education and in society as a whole. It addresses current
needs in relation to development of new directions in design in education or in profession practice,
and signals a commitment to the future through the purpose that design is given.

2627



3 Culture in school or separate from school?

This leads to one of the current discussions in Art and design education in Norway at the moment.
The design education community (from kindergarten to PhD) is in the process of establishing a
common value ground. However, in general education where the boundaries of professionalism is
less stable, the concept of Culture in education or even Culture education has been introduced into
the mix. This complicates the questions of What, Why and how, as other professional fields are
invited into the discussion with a different agenda and understanding of the concepts involved or
even education as a whole.

The thesis Norwegian cultural policy. A civilizing mission by Egil Bjgrnsen (2009) addresses the
problem of education and how different interpretations of buildung can explain the propensity
towards accepting the understanding of culture as something children can access through art
projects visiting the schools. External resources are brought in to ensure that children have access to
culture. He mentions the two ways of approaching buildung the Object oriented and the Subject
oriented buildung. The Subject oriented buildung has an open view of culture as something that
makes society what it is, and that it is through participation in all areas of life that you will develop a
moral sensibility and cultural repertoire. In this thinking the school as an institution becomes one of
the main cultural arenas of a nation, without dividing it into subject that are cultural or subjects that
are not. This understanding of culture and buildung has the potential to foster a sustainable cultural
répertoire and change the rules that people follow in justifying their consumption or quality of life
(Lamont & Thevenot 2000, p.1).

The object oriented building has as its premiss that the «educational potential of legitimate/elite
fine art» for children. In certain initiatives culture is defined as something specific related to a
narrow interpretation of fine art (Bjgrnsen, 2012), and as such culture education is narrowed down
to acting in a specific way — as «being cultural». You go to the ‘right’ exhibition, or listen to the ‘right’
music, read the literary canons and discuss cultural heritage through craft and art. To be exposed to
the «right» art is believed to lead to moral growth and better humans. In this approach, the few will
on behalf of the many decide what aspects of art and being cultural can enhance the human
potential.

Culture then becomes not something that constitutes a community of reference in terms of national
values and considerations, but as fragments of the world seen as separated from general knowledge.
It is followed by words such as creativity that also serves to cloud the discussion of a common
ground. Documents and initiatives targeted towards the areas culture and education, seem to mix
the uses of art education, aesthetic education and culture education (Birkeland et al. 2014) - all
which can be said to hold different connotations in an education setting. Culture programs where
pupils form the audience and not the practitioners, and where content an values are outsourced to
an object oriented take on culture, might it not lead to an understanding of Art and design in
compulsory education as appreciation of fine art, rather than basic values relating to citizenship and
the role of design in “the common good” (Digranes, 2009b)? If culture remains something of the
creative individual in art education, it will lose the potential of education for citizenship in a civic
mindset geared towards a shared future. To simply accept that something can be distinguished and
separated into a school area called cultural education, and that this corresponds only to a small part
of the everyday world of a pupil leaves me with a question mark. The least that is necessary is a
discussion into what is meant by this division, and if it is fruitful in terms of developing an education
with a focus on sustainable design. The focus might need to change back to youths as active agents
of change in changing culture, rather than forming appreciative audiences in external projects where
they themselves become passive «culture consumers». Beneath these questions lies another
important issue — By whom and how is the content of general design education established? Who is
recognised as the professionals in general education?
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3.1 Establishing a Community of reference

A community of reference gives room for more than the practice — also inanimate objects,
artefacts, and, importantly, the lack of a common practice. The community of reference holds
judgements, voiced as a critique by the actors, and is seen in how the actors unveil their stand
towards the world. The products — thing-beings — that come out of projects, student work or
knowledge gain, are ‘negotiation events’ in a discussion of the power to define the common good
and as such quality and goals in the future execution of the project. We place value in what is
important to us, and how it is important to us — is it beautiful, a tool for economic gain, or
sacredness? It is not enough to justify yourself from an individual point of view, so the actor
therefore refers to the higher common principle that forms the value set in the conviction that the
arguments also will convince others. “To be able to converge towards an agreement, persons really
have to refer to something which is not of persons and which transcends them. This common
reference we call a principle of equivalence”(Boltanski & Thévenot, 2000, p. 213). With the Kyoto
design declaration of 2008: «A statement of commitment by the members of Cumulus to sharing the
global responsibility for building sustainable, human-centered, creative societies» (Sotamaa, 2008)

«Designed artifacts and solutions influence our lives and values, both from a
personal and societal perspective. Designers, decision makers, investors and
consumers hold different positions in the design process, but they all make
choices that will influence our future visual and material culture. To promote
sustainability and meet global challenges for the future, professional designers
are dependent on critical consumers and a design literate general public. For this
purpose design education is important for all. We propose that design education
in general education represents both a foundation for professional design
education and a vital requirement for developing the general public’s
competence for informed decision making» (Sotamaa, 2008)

It is in the ambiguous situations (Boltanski & Thévenot, 2006) that occur, like when professionals and
lay people meet, that the justification narratives are told and the boundaries between the
professions are activated, and recognised, as they are articulated through purpose and the
distribution of perceived relevant knowledge. In my view this can be said to according to their
understanding of the Higher Common Principle (HCP) and world-view as well as the expertise. This is
particularly relevant in design education, where a large part of the expert knowledge is making
knowledge that is based on practical experience in a tactile understanding that can sometimes be
difficult to access due to it being concept poor (Schon, 1995). This is why the practice — the
argumentation in and through the work itself — has to be considered vital in design and design
education (Digranes, 2009a). Through the discussions but also actions on the practice level, conflicts
in the value sets that guide the practice will surface. This focus on the work practice is not mainly a
way to study the process of professionalisation but rather a step towards what Nolin claims to be
the next stage in professional research and theories: “... does not start with the empirical question
‘what are professions really like and how do they really work?’ Rather, there is a point in asking:
‘what kind of professional work does society need?’” (Nolin, 2008). It moves in a more normative
direction, dealing with the professional mandate and tasks, asking if they are good or bad for society
in a moral sense. It is a question of quality: “... professionals are knowledge workers and as such they
should be steadily working to improve the quality of their work (professionalism) and on their
professional identity” (Nolin, 2008). Even if the professionals involved in justify their presence and
establish boundaries for their work practice, it is necessary to then apply the question whether and
how it will benefit the society in the long run. Sometimes in design this is built purely on purpose,
and as such the professionals seem free to base their jurisdictional claims in the sphere that is most
suited to the specific situation: “... if there is one thing you cannot do in the actor’s stead it is to
decide where they stand on a scale going from small to big, because at every turn of their many

2629



attempts at justifying their behaviour they may suddenly mobilize the whole of humanity...” (Latour,
2005, p. 185).

3.2 Professionalism and culture education — who owns the right to diagnose, infer

and treat
Professions have at their core professional knowledge, where the education institutions play a vital
part. If you graduate for a professional education you are certified with a professional title that sets
you apart from those educated in disciplines such as i.e. design history, sociology, pedagogy etc. This
signals that the educational institutions have given you both the academic and practical knowledge
necessary to contribute to this specific professional field as a practitioner (Grimen, 2009). This
process of establishing a field of knowledge is often referred to as the ‘professionalisation project’.
Professionalism and the ‘professionalisation project’ is often addressed through structural theories
(Nolin, 2008), where the process is seen at system level, and described as a rather uniform process
with stages that will occur in the ‘professional project’. Professionalism can then be labelled within
the two orientations, as: “... normative value system and as controlling ideology” (Evetts, 2003). The
difference lies in how professions are perceived and portrayed — as a positive contribution to
society through a wish to contribute positively, or as a control mechanism for economic gain for a
social group. In a way these two takes on professionalism might be seen to correspond to the
difference between the concepts calling and occupation, presented as work concerned with values
or as an organism in an ideological capacity. Professionalism as ideology, discuss monopoly on
competence as the aim of professionalisation (Evetts, 2003). The professions are seen as new,
created markets where knowledge can be gathered and harvested as capital by a group of
practitioners (Larson, 1977). To do this it is necessary to limit the access to the knowledge, and as a
result educational institutions teaching expert knowledge are organised, with gatekeepers to
exclude all but the accepted. The disciplines to set the standards were medicine and law, and many
occupations with a very different set of practices would covet the professional model instigated by
these groups. Teachers have, for instance, a propensity to belong to ‘the teaching profession’. An
occupation is bestowed the status of profession on the basis of prerequisites, such as specialisation
of function and the accumulation of bodies of expert knowledge (Abbott, 1988). These processes
have roots back to the guilds, which were a very important prelude for the making professions later
on (Dunin-Woyseth & Michl, 2001; Dunin-Woyseth & Nielsen, 2004) of which design and design
education are seen as parts of. The formation of specialist education and examination for the elite,
connection to the universities, and certificates of expertise distinguished professionalism from the
guild tradition: “From dependence upon the power and prestige of elite patrons or upon the
judgment of a tightly knit community, the modern profession came to depend upon specific formal
training and anonymous certificates” (Larson, 1977). In this lies the seed to gain control over the
market — not a part of it — as even a market of knowledge contains tools for bargaining for position
or influence. “The professionals claim the exclusive right to practice, as a vocation, the arts which
they profess to know, and to give the kind of advice derived from their special lines of knowledge”
(Hughes, 1984). The area of expertise is the professions jurisdiction. Witz (Witz, 1992) uses the term
"demarcation’ as boundaries for professional control, even though he speaks more broadly in terms
of occupation (Witz, 1992). This is the field where the professionals control the diagnosis, inference
and treatment. Those with power use this to intensify their hold on the right to infer treatment.
“The jurisdictional claims that create these subjective qualities have three parts: claims to classify a
problem, to reason about it, and to take action on it: in more formal terms, to diagnose, to infer, and
to treat” (Abbott, 1988). It is in this process according to Abbott that the concept of work has to be
introduced. It is in the practice that the professions separate in style, solutions and manner of
execution, and where they put forth their claim to legitimacy, to jurisdiction.
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4 A Norwegian Case of Outsourcing culture education - DKS

DKS is a permanent funding program, using lottery funds, aiming to bring professional artists into
schools to collaborate with teachers, and by doing so, to strengthen the general education from 1st
to 10th grade (6-16 years) within the arts. Visual arts (Fine art, Craft, Design and Architecture)
overlaps with the school subject Art and design, and is one of the areas within DKS. Artists and
teachers are supposedly given the opportunity to jointly develop projects within the subject content.
Thus the ‘art world’ and the ‘school world’ are brought together within one frame with a set of goals
to fulfil. What can be seen from research and evaluations, is that what Dunin-Woyseth calls the
‘subject-matter education practice connoisseurs/critics” are constantly question by the external
participants of the initiatives. The initiatives becomes a professional battleground where the
educational content becomes the weapons of choice to bash each other’s opinions in.

Narratives of justification of professional choices within DKS will therefore not only present the
reason behind choices in the professional practice, but also present the opposing choices as
somehow not justifiable. In other words, they might present the hero and the obstacle. The media
adds to these narratives by adding their own focus on the conflicts. In lived tales, it is the ambiguous
situations of instigated critique that stand out, and the need towards justification that tells the story.
Narratives are what people turn to, to explain themselves, also in different settings — as opposed to
or in concert with others (Bruner 1991). It might take different forms, and it is a socialisation project
(Lave and Wenger 1991). Justification is performed through patterns of narration that you are
taught, and it is performed through given tools, such as worth and value. The identifiers presented in
the theory On justification in forms of concepts used, aims to strive for, and people of authority, help
define the value sets, or worlds, that the actors use as their basis for justifications. The Higher
common principle surfaces in how actors approach a conflict, and criticize the befallen. They reflect
on and judge their own choices and those of others, although it is not always explicitly stated: “...
actors rarely make explicit the general principles of their actions” (Boltanski and Thévenot
2000:210). They are tools towards isolating the critical points in the narratives of justification of the
professionals from the two worlds. The most important indicator in this case is the HCP, as all the
other indicators are correlated to this.

Thus artists and A&C teachers operate within their professional traditions and values that underlay
their understanding of education and art while involved in DKS. The actors involved are forced to
make an argument where they justify their actions and their position through values, but also laws
and regulations that have impact on the practice. This justification will be tied to a world, and it will
correspond to the values and worthiness that constitute this world. The efforts towards persuasion
in argumentation and justification can be seen on several levels in the DKS collaboration in
professional justification narratives, where the involved actors choose to explicitly state their
position through exclamations such as: ... But you have to agree that ... or ... Even you must see
that... In light of a theory of justification, the actors do not have to agree or see the other actors’
point of view as valid, not if it is in contrast to their own value set. They can disagree on the basis of
the worldview that infuses their practice. The values possessed by the actors in regards to their
professional practice, the identifiers, surface in the arguments they use while trying to organise the
chaos into new and more harmonious stories. Justification both departs from value sets, develops
them further, and gives them away, and one of the ways to find the governing values is through the
narratives of professional justification.

Education has as its core the professional aim both within subject education and building. The
children should develop both a strong knowledge base as well as a moral compass - a cultural
repertoire of values. However as seen in recent evaluations and collaborations, the narrow concept
of culture is dominating the discussion. It becomes impossible to criticize as well, as the initiative is
laudable — culture to all children. Validating professional stereotypes of what | have chosen to label
the artist hero and the teacher obstacle. The creation and distribution of stereotypes are one
dimensionally positive — negative, and one sided — told by artists and artist organisations.
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Whether this is a deliberate choice, or more an unconscious process by the media | have no basis to
comment on here. As it stands, the A&C teachers are not given the opportunity to tell their
representation to the public via the media, and as such the construction of these stereotypes is
made on the basis of one profession’s value sets. They are created by the artists’ and artist
organisations’ agenda, rather than by research into the field. Selmer-Olsen cautioned against such a
predicament already at the start of the program in 2003.

“The development of knowledge in the field is defined by special interests and a
lack of a unifying perspective. The distribution of culture is to a great extent
guided by good will, politics and ideology, and not by research based knowledge
and systemized experience. The professional educations (from teaching, to health,
and art), traditional teaching and narrow interests related to the different areas
of art and culture are prominent” (Selmer-Olsen 2003:3).2%

The value set that guides educational practice within state legislation is based in the Civic orientation
of social democracy, common causes and opportunities, and the Industrial values of professionals,
expert knowledge, and results. These values surface occasionally in the media narratives, but are
subordinate to and dominated by the inspired orientation, and often listed as the obstacle. This is
alarming in light of the DKS program and its placement within the school institution.

In the retelling of a situation of conflict, points of view are accentuated as oppositions to easier
identify sides in a conflict (Latour 2005). The end result is to present your side of the matter, your
value sets, as the only way to go; “Like all social actors, | seek to persuade myself and others that |
am a good person. My narrative is inevitably a self-representation” (Riessman, 1993:11). These
narratives are used to enhance the values that underlie any professional choice, and are, as such, an
invaluable tool towards understanding the basis for a conflict on both a professional as well as a
personal level. In these lie the transitory occurrences that mark the conflicts of your value sets and
the return to harmony with a new agreed upon value set after the conflict is settled. The narratives
will give an opening into the ambiguous situations, as the narratives themselves are a form of
criticizing the moment, either justifying the narrators’ own choices or criticizing the other party’s
solution to the problem (Czarniawska, 2004). Artists are seen as ‘survivors’ of the toil and monotony
of the classroom, liberating the children from the notion of society in favour of the individual focus.
Craft, Design and Architecture are not often included in these initiatives, even as these parts of the
curriculum can be seen as an integral part of culture education, both in the wide and narrow sense
of the word.

5 What, how and why in design education.

While discussing culture in general education, culture is transcending the subject specific and as on
overarching sets of values. As criteria of evaluation in «...a national cultural repertoire and the rules
that people follow in justifying their use» (Lamont & Thevenot 2000, p.1). Culture can then be seen
as the values and positions that permeates society as criteria used to define what is good for society,
moral standards that should be met, what constitutes a democracy etc. This position will in
education, give a ricer approach in all subjects. However, the narrow interpretation of culture can be
seen growing in policies regarding art and culture, especially in relation to art and design education
(Bjgrnsen, 2009). Even as they try to frame it as inclusive, it still becomes subject specific to art and
culture education.

«Two kinds of learning aims can be distinguished: those that are specifically
defined by arts and cultural curricula and those identified by the overall

205 0Q: “Kunnskapsutviklingen pa feltet preges av saerinteresser og mangel pa samlende perspektiv. Kulturformidlingen
styres i hgy grad av god vilje, politikk og ideologi, og ikke av forskningsbasert kunnskap og systematiserte erfaringer.
Profesjonsutdanningene (fra laerer- til helse- og kunstfagutdanning), tradisjonelle formidlingsmetoder og snevrere
interesser knyttet til de forskjellige kunst- og kulturomradene rader grunnen”.
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curriculum but which can be linked to arts and cultural education and creativity.
The primary goal of this chapter is to show what aims are identified as inherent
parts of the arts and cultural curriculum in European countries» (Education,
Audiovisual & Culture Executive Agency 2009, p.17)

Culture is no longer defined in terms of being a national cultural repertoire of values and evaluation
criteria, but as fine art/culture defined by the few for the many. At the same time Culture as a
concept is often substituted with Art, so that the push for culture education becomes a mission for
Art education and as such including Artists into schools. «Schools in Europe are developing initiatives
to connect pupils more closely to the world of arts and culture. In most countries, initiatives are
taken to organise visits to places of artistic and cultural interest, or to establish partnership with
artists (section 3.2)” (Education, Audiovisual & Culture Executive Agency 2009, p.15). In light of this
the landscape of culture education can be perceived as somewhat paradoxical. For some time now,
the trend in art, design or craft education across Europe is to slowly outsource the education to
external forces through projects such as i.e Teaching artists (KKD, 2007), Creative partnerships
(Orfali, 2004), Den kulturelle skolesekken (KKD, 2003), Skapande skola (Lindqvist & Blomgren, 2015)
etc. At the same time, citizenship education with a focus on creative problem solving, 21t century
skills, and designing a better future is pointed out as the way to go. It is worth asking if culture really
exists in a separate realm apart from education. Culture in the understanding of “being cultural”, can
even be read as something separate from education. Something of an opposition, and not a part of
the school day. In education and education policy the concept of culture is more often than not
connected to the understanding of «being cultural» in the sense of appreciation of fine art. Rather
than understanding culture as a wider societal platform consisting of values, attitudes and choices as
well as designed artefacts and solutions, culture becomes limited to something of the few for the
many. In this article | wish to outline the two different approaches to culture in education, and how
there is a need to reawaken and reintroduce the wider concept of culture in relation to sustainable
design education. A curriculum presents a vision of future society and how design and if design will
play a part in a sustainable development, both nationally and globally. In this sense it is important to
deliberate on how the culture of the many, strengthened through compulsory education based on
values and ethics, can be a step towards a sustainable future. | ask the question: Do we have a
culture for sustainability in European compulsory design education?
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This paper reports on the case of the Engineering Practice Academy, where an
emergent transformational change process was designed and implemented to not
only re-conceptualise engineering education but further transition the Engineering
Practice Academy towards being-and-becoming a sustainable engineering practice.
This paper presents a framework, grounded in the everyday social reality of the
Engineering Practice Academy community and framed through a Theory of Change
methodology. The Engineering Practice Academy utilised the strategic framework
presented within this paper to guide its decision-making processes. This paper
articulates both the framework developed and conceptualises why a framework
designed to create a sustainable practice was utilised. The value of this paper lies in
the communication the method used for transformational change, one of inclusion,
collaboration and community of practice, used by the Engineering Practice Academy
to create a distinct pathway by which to reach its goals and become a sustainable
practice in line with shifting engineering and educational requirements.

transformational change; being-and-becoming; social sustainability; engineering
education

1 Introduction

A central question for undertaking a transition is how the change will be brokered within the
practice. Negotiating change is complex because it entails a dynamic interplay of actors each with
their claim of competency, knowledge, and agenda that are aligned or misaligned to the overarching
vision for the change. The Theory of Change method presented in this paper provided tools to
initiate transition towards a sustainable practice. This paper reports on the reasons and processes
undertaken by the Engineering Practice Academy located at Swinburne University of Technology to
design a structure to assist the transition to being-and-becoming a sustainable engineering practice.
The Engineering Practice Academy designed its strategic framework by using a Theory of Change
method and produced the outcomes of a vision statement, high-level objectives, theory of change
maps and the development of program narratives in consideration of definitions of sustainability
utilised by the Framework for Strategic Sustainable Development. The change process undertaken
by the Engineering Practice Academy was iterative and this paper presents only the initial phase of
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the process thus being the rational for change within the context of the Engineering Practice
Academy and the planning and participation processes pertaining to the Theory of Change method.

The term ‘practice’ within the context of this paper concerns the acknowledgement that individuals
working and learning within organisations are being-and-becoming practitioners. An individual
practice is complex, multi-modal, and continuously implicitly and explicitly responding and adapting
to social, cultural, political, technological, economic and historical influences. Predominantly, this
paper presents a case of a practice being-and-becoming sustainable and considering sustainability as
an integral element to the core functioning of the Engineering Practice Academy’s practices in a way
that places sustainability as a cornerstone of its operations, functions and learnings.

1.1 Reengineering engineering: A complex sociocultural transition

There are many different aspects of organisational transition that are systemic and influenced by
social, cultural, political, technological, economic and historical influencers. Within this study, the
change from traditional academic and industry expectations of engineering education to a new
practice-based approach presented a systematic transitional challenge for the stakeholders involved.
The development and implementation of the Engineering Practice Academy and its associated
Bachelor of Engineering Practice (Honours) degree transpired in part because of social, cultural and
political influences and needs. Engineering education within an Australian context presently has
systemic and structural barriers to overcome and has recognised that engineering education needs
to consider the social, cultural, global, political, and environmental responsibilities of engineering
education and the profession of engineering moving into the future. The field of engineering as a
system has encountered continuous change “brought about by new scientific and technological
knowledge, and to changing economic and regulatory forces” (King, 2008, p. ii). Beanland and
Hadgraft (2014, p. 8) stated that engineering education within Australia “is still to implement the
transformation that is required to enable the next generation of engineers to effectively operate
within this changing profession”. Engineers Australia, the national industry peak body, recently
released its ‘Implementing Sustainability,” report guiding the Australian engineering sector on the
standards and responses to sustainability it has set across the sector. Furthermore, the report
considered and encouraged the implementation of sustainability into the pedagogy of engineering
education in order to develop a sector of individuals capable of responding to and influencing local
and global sustainability challenges (Rice, Davies, Fitzhardinge, & Jones, 2017).

Negative perceptions towards engineering education and the profession of engineering are a further
reason behind the need for systematic transformation. Engineering education and “engineering has
not historically been on the cutting edge of inclusion and social justice” (Riley, Slaton, & Pawley,
2014. p. 350). Engineering education and engineering as a profession being profoundly exclusionary
extends beyond gender diversity with diversity being a measure of heterogeneity across a given
population; whether that be gender, sexual orientation, race, ethnicity, age, or socio-economic
status (Hunt, Layton, & Prince, 2015).

Furthermore, the communication of engineering as a discipline within the context of Australia
presents barriers in regards to attracting school leavers into the profession. Within Australia, there
are:

widely-held concerns that the societal value of engineering as a profession, and the
broad merit of engineering a study pathway that increases graduates’ career
opportunities, are largely invisible to the public at large and within the school education
sectors (King, 2008, p. iii).

Australian universities have been slow to address the negative perception of engineering and take
responsibility “for the problems created by the current deficiencies in engineering education”
(Beanland & Hadgraft, 2014, p.viii).
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Engineering education within the context of Australia is in need of sociocultural change to not only
transform the perception of engineering education but also engineering as a profession in a future
dominated by questions of automation and algorithms. Transformational change is however
complex and challenging to realise in an academic context. Change in universities is a multifaceted
process because:

while there are many forces resistant to change in universities that need to be overcome
for transformation to be implemented, there is also goodwill to consider changes that
can be demonstrated to be justifiable. The difficulty of achieving change cannot be used
as a reason to justify widespread failure to address fundamental problems associated
with the design and delivery of a core activity (Beanland & Hadgraft, 2014, p. 62).

The Engineering Practice Academy is just one example of an Australian university initiative
addressing the systemic barriers surrounding engineering education. The Engineering Practice
Academy responds to the social, cultural, political, technological, economic and ecological contexts
in which the Bachelor of Engineering Practice (Honours) degree operates within. The Engineering
Practice Academy works as an engineering practice being both a professional service provider and a
higher education institution. The Engineering Practice Academy reacted to the recommendations
specified by King (2009) within the report published by the Australian Council of Engineering Deans.
Specifically, the Engineering Practice Academy aimed to design and implement a curriculum “based
on sound pedagogy, embrace concepts of inclusivity and be adaptable to new technologies and
inter-disciplinary areas” (King, 2008, p. iv). Furthermore, the Engineering Practice Academy intended
to:

address shortages in the engineering workforce by attracting and retraining people from
non-traditional backgrounds e.qg. women, mature age engineers, engineers with
overseas qualifications, engineers who have left the profession, and engineers wishing
to articulate between qualification levels (King, 2009, p. iv).

Additionally, the Engineering Practice Academy recognised that “engineering educators and industry
practitioners must engage more intensively to strengthen the authenticity of engineering students’
education” (King, 2008, p. iv). The process undertaken to re-position engineering education requires
transformational change and seeks to be done in a way that encourages the creation of a sustainable
practice and model.

To transform and present an alternate model for engineering education that celebrates diversity in
all its forms, provides an environment that challenges unsustainability and considers deeply the idea
of ‘who an engineer is’, required the Engineering Practice Academy to transform their individual and
collective vision of engineers, engineering education and engineering as a profession. This paper
considers and articulates the process by which the Engineering Practice Academy undertook the
conceptualisation and development, and implementation of this challenge.

2 Becoming sustainable: a framework to create sustainable practice

The definition of sustainability (and sustainable development) has long existed in a realm of
ambiguous discourse. The heavily utilised Brundtland definition, “development that meets the needs
of the present without compromising the needs of future generations to meet their own needs”
(Missimer, Robért, & Broman, 2016b, p. 43), has been considered the universal definition. However:

the vagueness of the definition... allows business and ‘development’ interests (and their
government supporters) to claim they are in favour of sustainable development when
actually they are perpetrators of unsustainability (Jacob, 1994, p. 24 as cited in
Missimer, Robért, & Broman, 2016a, p. 32).

With many definitions available, there has been a distinct challenge developing a scientific, robust
understanding and definition of systematic sustainability and its models. John Elkington’s ‘Triple
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Bottom Line’ approach, that places environmental, economic and social systems in a tripartite model
of equal weight (Slaper & Hall, 2011), is often cited and utilised by business sectors as a way of
introducing sustainability into the language and planning of their practice. As has the ‘Overlapping
Circles Model’ which places economic and social systems inside an environmental one (McKenzie,
1994) highlighting the social and economic reliance on a healthy ecological system. Yet to define
sustainability in terms of compliance and violation, especially in its social realm, continues to be a
challenging proposition.

2.1.1 Utilising a comprehensive sustainability framework.

In order to clarify this challenge and construct a definition of sustainability, a definitive robust
scientific framework was developed by a group of academics in the early 1990’s. The Framework for
Strategic Sustainable Development (FSSD) is a structured and coordinating framework that includes
a unifying and operational definition of sustainability at both ecological and social levels (Broman &
Robert, 2015). The FSSD articulates the system conditions of sustainability using ecological and social
sustainability principles to provide a robust definition of sustainability by providing an understanding
of when sustainability is being complied with or violated. By creating the measurable conditions to
sustainability these sustainability principles can be used to aid organisations as they transition from
unsustainable to sustainable practices. It does this by creating a thorough understanding of the
global sustainability challenge, how organisations are interrelated and entwined within the
ecological system and the dangerous context of risk for organisations that refuse to adopt
sustainable measures. The principles provide the conditions of sustainable success by which
organisations are able to move strategically towards sustainability (Broman & Robert, 2015). The
FSSD provides the robust definition that Brundtland lacks and is determined on the premise:

that humans are dependent on the ecological and the social system to meet our needs,
what are the essential aspects of the ecological and social systems that need to be
sustained (or restored) in order to not systematically undermine the capacity of people
to meet their own needs (Missimer et al, 2016b, p. 43).

It was within this understanding that the FSSD provided the Engineering Practice Academy with a
comprehensive sustainability framework.

2.2 The sustainability principles: Adopting a definitive understanding of

sustainability.
The Framework for Strategic Sustainable Development (FSSD), originally consisted of four
sustainability principles. Three ecological principles and one social sustainability principle. The three
ecological principles of sustainability (Sustainability Principles 1,2,3) and the fourth social principle
(Sustainability Principle 4) were developed over 25 years of robust, peer reviewed scientific
investigation, and have been defined as:

In a sustainable society, nature is not subject to systematically increasing...

1. ...concentrations of substances from the earth’s crust. (SP1)
2. ...concentrations of substances produced by society. (SP2)
3. ...degradation by physical means, and: (SP3)

In a sustainable society;

4. ...people are not subject to conditions that systematically undermine their capacity to meet
their needs. (SP4)

However, the social dimension of the framework (initially Sustainability Principle 4) was found to be
not sufficiently science based and operational, a challenge faced in the wider social sustainability
field, requiring further scientific development (Missimer et al, 2016a & 2016b). This development
has led to emerging models of social sustainability being defined and developed conceptually within
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the FSSD expanding the social sustainability principles to become the sustainability principles 4-8.
This expansion means the resulting definitions for ecological and social sustainability are:

Table 1: Adapted from Broman & Robert’s (2017, p.7) definition of social and ecological sustainability
principles.

Definitions for ecological and social sustainable societies

“In a sustainable society, nature is not subject to [social] “people are not subject to structural
systematically increasingly... obstacles to...
1...concentrations of substances from the Earth’s crust. | 4...health.
2...concentrations of substances from society. 5...influence.
3...degradation by physical means”. 6...competence.
7...impartiality.
8...meaning-making”.

2.2.1 The challenge of social sustainability

Social sustainability remains a contentious topic due to the subjective nature of its form, the number
of differing definitions that exist in the social realm and the difficulty in measuring these definitions.
There is also the challenge that in many realms the term sustainability is associated with ecological
and environmental contexts requiring ‘social sustainability’ to be discussed and emphasised as a
separate individual area (often social impact or corporate social responsibility). While this has led to
increasing awareness on the implications and considerations of social impacts “rigorous definitions
for corporate social responsibility and social sustainability have yet to be established” (Hutchins &
Sutherland, 2008, p. 1689).

The Framework for Strategic Sustainable Development (FSSD) aims to be a platform to tackle
sustainability challenges and has focused on creating testable social sustainability definitions which
unlike definitions of ecological sustainability remain under-utilised or considered in general terms.
The research conducted by Missimer et al (2016a & 2016b) aimed to develop these social principles
by investigating into the essential elements of the social system. From this investigation, the above
social principles were created as part of the FSSD. However, measurement and understanding of the
impact of the principles when used as the basis for developing strategic sustainable transitions and
planning is still in formation and testing, however initial feedback concludes that the social
sustainability principles are valuable in being able to provide an analytical tool to the sustainable
transitions of social systems.

2.3 From principles to planning: Building a socially sustainable practice.

In order to create a community of practice in which actors are able to be-and-become authentic
engineers and people (an aim in the Engineering Practice Academy vision). The system they inhabit
must not violate the above principles of sustainability. This requires an awareness of and action that
encourages:

the elimination of mechanisms of systematic degradation of essential aspects of both
the ecological and the social system (Missimer et al, 2016b, p. 43).

Therefore, utilising the FSSD sustainability principles the Engineering Practice Academy created the
boundary conditions in which the practice can move towards sustainability. For example, to comply
with the social sustainability principles and create a sustainable practice, an organisation can use the
SSP’s to highlight the structural and systematic impediments for each indicator and create an action
plan by which they can be removed (using the strategic processes of the FSSD). For example, the
guestion could be asked for Social Sustainability Principle 1 - Health:

Are there health and safety concerns for employees? For example, excessive working
hours, unsafe or unhealthy work environments, harassment and abuse of works, and
forced labour / child labour? (Missimer et al, 2016b, p. 48).
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In creating a process by which these challenges are identified and overcome, the transition towards
a sustainable practice (in line with the vision) can be developed. The principles could be investigated
within an organisation as such:

SSP 1... health.

(This means that people are not exposed to social conditions that systematically
undermine their possibilities to avoid injury and illness; physically, mentally or
emotionally, e.g., dangerous working conditions or insufficient wages).

SSP 2... influence.

(This means that people are not systematically hindered from participating in shaping
the social systems they are part of, e.g., by suppression of free speech or neglect of
opinions.)

SSP 3...competence.

(This means that people are not systematically hindered from learning and developing
competence individually and together, e.qg., by obstacles for education or insufficient
possibilities for personal development.)

SSP 4...impartiality.

(This means that people are not systematically exposed to partial treatment, e.g., by
discrimination or unfair selection to job positions.)...

SSP 5...meaning-making

(This means that people are not systematically hindered from creating individual
meaning and co-creating common meaning, e.g., by suppression of cultural expression
or obstacles to co-creation of purposeful conditions) (Missimer et al, 2016b, p. 47).

After the principles are investigated and once structural obstacles are removed (through strategic
processes) the system reaches a level of compliance, thus creating the conditions for social
sustainability to occur. Thus, the conditions of a socially sustainable practice as the condition in
which individuals, as part of a community of practice within the social system, are freed from all
structural hindrances to the social sustainability principles.

3 The case: Connecting being-and-becoming and social sustainability.

The Engineering Practice Academy is a case where a transformational change process (framework)
was designed and implemented to not only re-conceptualise engineering education but further shift
the Engineering Practice Academy and the individuals that make up its parts, towards being-and-
becoming a sustainable engineering practice. A practice that is socially, culturally, economic and
ecologically sustainable that addresses the challenges of current engineering and education
paradigms. Being-and-becoming recognises that an individual’s way of being provides meaning to
what they do and who they are “both personally and as members of shared practice” (Dall’Alba &
Sandberg, 2014, p. 292). Being-and-becoming and identity-forming processes are influenced by the
social context an individual is exposed to. This includes engagement with peers, and practice
members in conjunction with the material world, being the physicality of the environments the
individual experiences and sees. While undertaking a university degree, students begin to identify
themselves as being-and-becoming a practitioner within the field of their studies. For example,
engineering students start to recognise themselves as an engineer as:

engineering education provides a crucible for becoming engineers — activities,
historically salient understanding about engineers and engineering, and routines for
recognition as engineers — all of which frame how students navigate educational
opportunities and, for some, become engineers thought to belong (Tonso, 2014, p. 277).
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The students who engage in the degree and experiences delivered by the Engineering Practice
Academy are to become the future engineers who will go onto inform and construct the discipline of
engineering. These students whilst undertaking their studies are establishing themselves as an
engineer and:

being recognizable as engineers, and in time as engineers who constitute what counts in
engineering education they mold educational processes (Tonso, 2014, p. 278).

It is thus important that the Engineering Practice Academy replicated practices that prepare the
students for being-and-becoming an engineering practitioner and this is only possible in a space
conducive to being a socially sustainable practice. Furthermore, it is important that the Engineering
Practice Academy delivers and brokers experiences that inform the students and the collective
cohorts recognition of being-and-becoming an engineer.

It is through mutual participation in a practice that individuals become part of a collective. However,
this process of becoming part of a practice is individual, requires brokering from both the
perspective of the individual and the collective and is impacted by time. Brokering entails an
individual or a collective’s articulation “of competence across boundaries” (Wenger-Trayner &
Wenger-Trayner, 2015, p. 18). Articulation of competency is the “dimension of knowing negotiated
and defined within a single community of practice” (Wenger-Trayner & Wenger-Trayner, 2015, p.
13). In other words, individuals obtain knowledge through participation in communities of practice
and through the sharing of knowledge both an individual's knowledge and the collective knowledge
of the community of practice changes. A community of practice is a complex, continuous, evolving
learning practice where knowledge is aligned and realigned because of members competencies and
personal experiences (Wenger-Trayner & Wenger-Trayner, 2015).

3.1 Implementing social sustainability in a complex system of practice

Humans themselves can be considered to acquire an individual landscape of practice that comprises
of multi-membership to separate and interwoven communities of practice. Humans operate within,
between and across communities of practice brokering boundaries of practice and obtaining new
knowledge that informs their being-and-becoming process. However, brokering boundaries of
practice is

never unproblematic, in the sense that they always involve the negotiation of how the
competence of a community of practice becomes relevant (or not) to that of another
(Wenger-Trayner & Wenger-Trayner, 2015, p. 17).

Brokering boundaries of practice can be moments of contestation because of the lack of shared
experiences, meaning and knowledgeability between practices. Furthermore, brokering boundaries
of practice can be considered thought-provoking events because it is through pushing boundaries,
breaking boundaries and connecting boundaries that practices change and new knowledge is
obtained. Moreover, knowledge is obtained through engagement with a socio-material world
meaning, knowledge is a co-construction of engagement in a social world in conjunction with the
engagement in the material world. In other words, individuals not only “learn knowledge or activities
within practice, but also our relation to our world is transformed in the process” (Dall’Alba &
Sandberg, 2014, p. 301). Engagement within this paper is defined as the activities of being-in-the-
world and it is through engagement with the socio-material world that individuals consciously and
subconsciously be-and-become.

Being-in-the-world from a Heideggerian perspective positions humans as being in a world of multiple
practices where humans “grow up in, embody and enact various ways of being-in-the-world”
(Dall’Alba & Sandberg, 2014, p. 286). The communities of practice that individuals are members of
have variants in structure, engagement levels, context, history, culture and being self-organizing.
These variants and the level of engagement individuals have within communities of practice can
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span from being peripheral to full participation and are dependent on the individual, the community
of practice and relationship to time.

3.2 Vision alignment coaches: Facilitating the transition.

In the case of the Engineering Practice Academy there was a nexus of connected and disconnected
communities of practice exclusively within the landscape of individuals who were considered staff
members and consultants of and to the Engineering Practice Academy. The communities of practice
were both emergent self-organizing communities and communities formed because of project
delivery requirements. This paper specifically looks at the vision alignment coaches who as a
community of practice were individuals with domain specific knowledge, learning, designing and
implementing an emergent transformation strategy for the Engineering Practice Academy. Learning
within this community of practice was considered a “collective, relational, and social process”
(Wenger-Trayner, 2015, p. 260). Each member within the community of practice contained domain
specific knowledge and expertise to one of the vision elements and collectively the communities of
practice wisdom informed the design of the vision elements and eventual change strategy. The
vision alignment coaches’ community of practice comprised of six full participant members and four
peripheral members.

A community of practice should possess three basic attributes, “mutual engagement, a joint
enterprise and a shared repertoire” (Wenger, 1998, p. 362). However, diversity of thought and
opinion is paramount within a community of practice because it challenges the perspectives of the
community and builds upon the joint knowledgeability of the practice. It is through the diversity of
thought that a community of practice can develop and continues to become. Within the case of this
project, the vision alignment coaches’ community of practice developed through engagement with
peripheral members. Peripherality concerns there being:

multiple, varied, more- or less-engaged and —inclusive ways of being located in the field
of participation defined by a community (Lave & Wenger, 1991, p. 36)

In other words, a practice is entwined within the everyday events of a human, it is concerned with
the ‘doing’ of everyday. Practice and the everyday coexist because humans exist within an
entwinement of others and things that co-construct the specific practice world (Heidegger, 2011).
Therefore, individuals’ alignment to a community or practice is dependent upon their position in the
community which is both informed by them, the collective practice, time and the cycle of a
community’s development. Time is important because it is through prolonged exposure with a
practice that knowledge and understanding is obtained. In the case of the Engineering Practice
Academy consultants, because of their diversity of thought, they challenged the community to
approach the framework of being-and-becoming a sustainable practice from diverse perspectives.
Being able to challenge the community extended beyond their articulation of competency as it was
their position as being peripheral members to the core community of practice of the Engineering
Practice Academy that presented the opportunity to look beyond the Engineering Practice Academy
and bring external knowledge to the practice. The vision alignment coaches brokered knowledge
from the following five domains which informed the strategic vision and the high-level objectives for
the Engineering Practice Academy. The domains were:

e Future engineering practices

e Sustainability

e Being-and-becoming

e Diversity and inclusion

e Transforming engineering education
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3.3 The Engineering Practice Academy’s vision and the role of high-level

objectives.
In the case of the Engineering Practice Academy the vision alignment coaches (coaches) were
responsible for setting the parameters of the high-level objectives relative to the vision domain they
were a coach of. The coaches employed a Theory of Change method to guide the planning,
participation and evaluation of the transition process through the development of a domain
narrative vision and four high-level objectives to complement that narrative. This paper specifically
outlines the planning and participation process concerning the creation of a vision statement, high-
level objectives and a program narrative.

3.3.1 Articulating the vision.

A transition process “needs to incorporate a vision of a future, a desirable sustainable society by
which we can orient ourselves in the present” (Kossoff, 2016, p. 26). That is the transition occurs
between the stated vision and the current reality of a practice. The vision domains had been
predetermined by Engineering Practice Academy stakeholders and the coaches were required to use
the domains to build a vision statement. A vision statements is a widespread tool utilised by
management within practices to articulate the reasoning for a practices existence and to guide the
direction of its strategic planning. Why practices use visions is a less clear and less studied
phenomenon, and while:

most futures practitioners confirm that a (shared) vision is needed for successful action
and the development of vision is therefore to be encouraged. However, theory
development has been limited and many authors do not go beyond the confirmation
that it is important to have or develop [a] vision (van de Helm, 2009, p. 96).

Understanding this and with the intention of creating a sustainable practice, the Engineering Practice
Academy developed and utilised a vision statement for each domain, directly linked to a number of
high-level objectives. In order to create actionable vision statements, the vision needs to be tied to
more specific objectives because it provides the ability to move towards a desired future state by
creating definitive actionable stepping stones towards success. However, articulating a desired
future state using current trends and thinking can be problematic as it is often those current trends
that have created challenges in the first place. Thus, to adopt a principles-based approach provides
flexibility and allows the question to be asked, “what shall we do today and subsequently to get
there” (Broman & Robért, 2017, p. 3) in order to reach the vision. The Engineering Practice Academy
adopted high-level objectives to support its vision by utilising the high-level objectives as the
principles, by which the Engineering Practice Academy can backcast towards its vision, rather than
forecast which projects current trends into future states (Broman & Robeért, 2017). In the case of the
Engineering Practice Academy each vision domain had been allocated a coach who was supported
by an external consultant. Thus, in total ten Engineering Practice Academy members, who were
considered either core or peripheral to the Engineering Practice Academy constructed the
Engineering Practice Academy’s vision statement through a process of backcasting.

The Engineering Practice Academy generated the vision statement:

The Engineering Practice Academy is a collaborative community and dynamic practice
engaging and empowering engineers by disrupting convention to improve the world. We
will do this by creating a culture and practice that develops future engineering
practices, celebrates our community being-and-becoming professionals, operates in an
advocates for sustainability, promotes and embraces diversity and inclusion and
ultimately transforms engineering education. These are our five vision domains, chosen
and owned by our community. They will keep us accountable, inspired and provide a
clear direction forward in the Engineering Practice Academy journey.
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3.3.2 Developing high-level objectives

As the coaches were developing the vision statement, they were simultaneously developing high-
level objectives. High-level objectives provide a flexible, non-prescriptive method by which planning
and actions can occur as they create the boundary conditions by which a practice can define
whether or not it is reaching its vision. For example, using a high-level objective that states to
actively become a sustainable organisation (and understanding the definitions of sustainability
utilising sustainability principles of the FSSD) you can maintain and reach that objective despite and
shifts in the political, social, technological and economic environments (Broman & Robért, 2017).

The coaches constructed high-level objectives under the following predetermined categories:

e People and culture: The people we create and how we create them

e Service: The knowledge we create, value and exchange through our services

e Operations and infrastructure: The systems to support the delivery of the Engineering
Practice Academy

e Community and clients: Our broader community and how we engage with external
stakeholders.

An example of the realised high-level objectives (HLO) for the domain of sustainability were:

e HLO 1: The Engineering Practice Academy community understands sustainability and feels a
personal responsibility to act on it.

e HLO 2: The Engineering Practice Academy actively becomes a (socially and ecologically)
sustainable organisation.

e HLO 3: The Engineering Practice Academy supports and services its partner organisations as
they undergo sustainable transitions.

e HLO 4: The Engineering Practice Academy promotes and advocates sustainability thinking to
its wider community.

3.4 Utilising program narratives

The high-level objectives were enfolded into program narratives used to narrate what each
“program aims to achieve” (Dart, 2012, p. 25). Program narratives outline the pathways to change
addressing the incremental steps required to achieve the high-level objectives. These incremental
steps where developed through a process of mapping, in the context of acknowledging any
assumptions the underpin the program narrative. Each of the five vision domains had program
narratives created to address their high-level objectives. Mapping the logic of each objective
signified the relevance of the program and the incremental steps required to achieve the
overarching strategic vision. Mapping further documented the element of time and resources
presenting a comprehensive overview addressing both the macro and micro perspective of each
high-level objective. The development of program narratives was an iterative process that discussed
both the immediate now of designing and implementing a new engineering degree in parallel with
strategically planning for and implementing practices for the transition to being-and-becoming a
sustainable engineering practice.

3.5 Aninclusive framework

Distributing a practices vision statement and high-level objectives require brokering as the buy-in of
other practice members is paramount to the success of the vision. Without practice members
accepting the vision and associated high-level objectives as being theirs, ownership and authorship
to employ the vision can be limited. The vision alignment coaches were strategically transparent
with their process of generating the vision statement and high-level objectives. The coaches utilised
the Engineering Practice Academy existing project management tool to publish all work-in-progress
and outcomes within the open platform. Meaning, external members of the vision alignment
coaches community had visibility to the process being undertaken and could opt-in or out of being
exposed to the work occurring. The coaches also conducted a formal meeting whereby they
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presented a document outlining the vision and high-level objectives once they had reached a stage
of high resolution and asked the Engineering Practice Academy members to comment.

Transformational change takes time and requires community members, both core and peripheral, to
be brought into the process. The data and outputs generated from transformational change can
“often be complex, and... difficult to demonstrate progress in the short term” (Dart, 2012, pp. 4-5).
Therefore, such a process requires brokering and mitigating differences in competency and
knowledge. In the case of the Engineering Practice Academy making the process transparent was
used as a tool to reduce the complexity of negotiating the connected and disconnected communities
of practice that co-exist within the landscape of the Engineering Practice Academy. The process of
change within the Engineering Practice Academy is ongoing and will continue to develop as the
Engineering Practice Academy matures and the future vision of the Engineering Practice Academy
adapts to the changing landscape of engineering education and engineering as a profession. It is thus
essential that the current community of the Engineering Practice Academy have shared-ownership
of the strategic vision and objectives of the Engineering Practice Academy and become advocates of
the transition process to being-and-becoming a sustainable practice.

4 Conclusion: Creating a sustainable practice - an Engineering Practice

Academy framework.
With the intention of creating a sustainable practice in which the community can be-and-become
authentic engineers and individuals and in order to respond to the evolving needs and requirements
of engineering and engineering education, the Engineering Practice Academy, used a community of
practice to develop and articulate a framework to achieve this. This framework included the creation
of a vision, complemented by a number of high-level objectives that play an important role in the
development of the Engineering Practice Academy by defining its success at an operational level. In
the Engineering Practice Academy’s case, a vision was defined as:

a desired future state... [one that is] ambitious and challenging to achieve as was set far
enough into the future to set goals that are aspirational and plausible (McPhearson et
al, 2017).

By articulating the desired future state, the vision, with its high-level objectives creates the
opportunity to introduce backcasting processes that promote a flexible, stepping stones approach to
strategic planning that is required to fulfil the practices’ purpose through the creation of program
narratives. This approach is used to identify both the point of success (vision) and the gap between
success and the current reality (Broman & Robert, 2017) and plan how to reach that success.

While there are a number of ways to define a practices’ vision, which may include, traditional
visions:

seen as a particular type of leadership, based on the leader's capacity to inspire and
motivate his/her followers (van de Helm, 2009, p. 98).

The Engineering Practice Academy has chosen a process and articulation of vision developed
(through participatory process) as a community vision during the infancy of the practice by and for
staff. This method creates agency, ownership and shared purpose within the internal community. By
utilising a participatory, community based approach, the Engineering Practice Academy vision:

fulfils an important function in research, planning and decision making, as it provides a
key, shared reference point for developing strategies to transition from the current state
to a desirable future state and to assess progress (McPhearson et al, 2017, 6).

Most importantly, through inclusion, visioning creates ownership and investment within the
Engineering Practice Academy. Stakeholders are no longer simply producing outputs of work, rather
they are contributing to something in which they built the scaffolding and determined the direction,
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tied together by shared language, shared purpose and distinct direction. Broman and Robert (2017,
p. 19) argue that the creation of a shared language allows for organisations to coordinate “across
disciplines and sectors while avoiding creating new problems for each problem solved”. As the
creation of being-and-becoming a sustainable practice within the Engineering Practice Academy
takes shape, this commonality can be a powerful tool. It is this ownership and connection to
personal values, created by inclusion, that has benefits. As Ellen Shapiro argues:

The reality of visionary management is that people do truly stretch more when they can
put their actions in the context of goals that they can care about — and they truly do
withhold potentially valuable contributions in the absence of such goals (cited in, van de
Helm, 2009, p. 102).

The Engineering Practice Academy vision, in its ambition, has utilised a method on inclusion,
collaboration and community of practice to create a distinct pathway by which to reach its goals and
become a sustainable practice in line with shifting engineering and educational requirements. While
many challenges lie in the conflict of undertaking a strategic and futuristic perspective of the role
and function of the Engineering Practice Academy while it is in operation and ‘being.” The method,
understanding and use of distinct and robust frameworks create optimal conditions for success.
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This paper focuses on current research related to innovation development in the
Norwegian public school system and investigates the relationship between
innovation, creativity and imagination. Using Vygotsky’s theory of creativity, the paper
describes the concept of innovation and explains how it relates to the Norwegian
public school system’s creativity education curriculum. The paper explores the
importance of hands-on experience and tacit knowledge when developing creativity
and innovation. It explores the practice of using assessments in creative subjects and
questions whether the current assessment practice allows students to truly develop
creativity and innovation skills. This paper argues that although Norwegian public
school teachers are knowledgeable about innovation development, the public school
system lacks a concrete understanding of innovation and creativity in relation to
education, as in how to teach innovation.

innovation, creativity, imagination, public school

1 Introduction; Innovative Norway

Norway prides itself upon being an innovative and forward-thinking society. As such, the concept of
innovation has been given great importance in Norwegian public schools. The terms ‘innovation’ and
‘innovative skills’ are mentioned throughout the Norwegian curriculum—not only in traditionally
creative subjects such as Art and Crafts but also in traditional STEM subjects (Science, Technology,
Engineering and Mathematic) such as Mathematics and Natural science (Kunnskapsdepartementet
[Ministry of Education and Research], 2006a, 2006b, 2006c). However, it remains unclear to both
teachers and to the public school institution how to actually teach creativity or develop innovative
skills in students. How can teachers create an innovative learning process if it is not clear how
innovative skills are developed?
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To underline the importance of innovation in the Norwegian public school, Torbjgrn Rge Isaksen, the
previous Minister of Education and Research, invited the Norwegian association of local and regional
authorities and the other partners to a meeting about innovation and entrepreneurship in the school
system in 2016. The partners reviewed subjects and competences in preparation for the future
national curriculum for primary and secondary education and training (Lindheim, 2016). This can be
considered as a clear indication of how important the Norwegian government considers innovation
to be for our future generations. Despite the general consensus, both in the government and in the
educational system that the development of innovation is important, there are little to no strategies
employed to describe how to achieve innovation development.

In order to teach such a complex set of skills, teachers must understand the principles around
innovation development as well as its conditioning factors. It is critical to understand that innovation
is founded on a basis of creativity and imagination in order to be able to teach it to future
generations. It is important to examine where the creativity education is at this current time and
how the concepts of innovation and creativity is understood in the Norwegian public school system
in the present day. Is there a general understanding of the concepts of innovation and creativity?
Since both concepts are complicated to define, it is important to assess the basis for current
practices. This paper aims to evaluate the current practices of innovation development in
comparison with the premises for innovation development researched in other fields of knowledge.

2 Innovation development in the Norwegian public schools.

A NOU (Norwegian Official Report) report from 2015 outlines the future of education in Norway. The
committee, chosen by the Ministry of Education and Research, highlights a number of areas in the
current educational system in need of development and change in order for the current education
supplied by the public school to remain relevant. One skillset focused on in said report is described
as ‘Being able to explore and create” (NOU 2015:8, 2015), with a particular focus on creativity and
innovation. The committee describes creativity and innovation, although related and based in many
similar skills, as two separate concepts. Creativity is seen as mostly based on the ability to develop
ideas, whilst innovation is the ability to take action based in those ideas.

The report Creativity, innovation and entrepreneurship (Abrahamsen, Berg, Henriksen & Sjgvoll,
2011) evaluates Nordic countries’ school system’s integration of creativity, innovation and
entrepreneurship from kindergarten to university. The report describes creativity, innovation and
entrepreneurship as interlinked and in many ways dependent on eachother. It could therefore be
argued that each concept is equally important and further argue that you cannot have one
component without the other. For example, you cannot have innovation without creativity, which in
many ways mirrors the arguments from the NOU report.

The foundation of the abovementioned reports are in many ways based on the [St.Meld. nr.7 (2008-
2009), 2009) issued by the Ministry of Norwegian Ministry of Trade and Industry - Modernisation, IT-
and Competition Affairs. In this white paper, issued in 2009, the government’s innovation and
sustainability policies are outlined and highlights “creating people’, as in people who creates and
innovates, as one of the key components. The Norwegian Governments focuses on innovation and
encourages innovation development in all parts of the Norwegian society. Furthermore, this is also
directly related to the research and innovation programme "Horizon 2020 initiated by the European
Union in 2014. The value of innovation in all aspects of society, both nationally and internationally, is
widely recognized and encouraged.

A review of the general curriculum for the Norwegian public school suggests the concept of
innovation appears not only in traditionally creative subjects, but also those based on more scientific
principles like mathematics and natural science (Kunnskapsdepartementet [Ministry of Education
and Research], 2006a, 2006b, 2006). Terms like ‘problem solving’ and ‘idea development’ are used
as assessment criteria in most subjects, but there are very few concrete and specific guidelines
concerning how to define such skills, let alone develop them. There seems to be a disconnect
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between what is being taught, as defined by the curriculum, and what is being assessed, as there is
no clear definition of what ‘problem solving’ or ‘idea development’ really is. How can educators
teach and assess something undefined? Teachers are free to improvise but their assessments must
strictly adhere to the curriculum. The curriculum’s vague definitions of creativity and innovation
creates a predicament where teachers are expected to assess a skill according to the curriculum
without clear definitions of how to do so. It therefore important that terms like innovation, problem-
solving and idea development are clarified and standardised to ensure common ground between
teachers and students.

The Norwegian Council of Higher Education defines innovation as a modernisation or recreation of
an existing element or phenomenon or the invention of a completely novel element (Universitets- og
hggskoleradet [The Norwegian Council of Higher Education], 2016). By choosing to use terms like
innovation, or terms connected to innovation such as ‘problem solving’ and ‘idea development’, the
Norwegian government implicitly suggests that the Norwegian public school curriculum is focused
on innovation development and creative thinking, and that it plays an integral part in the education
and development of youth.

The mathematics curriculum states as follows:

The subject of mathematics contributes to developing the mathematical competence
needed by society and each individual. To attain this, pupils must be allowed to work
both theoretically and practically. The teaching must switch between explorative,
playful, creative and problem-solving activities and training in skills
(Kunnskapsdepartementet [Ministry of Education and Research], 2006a, p. 1).

The description does not just mention terms like ‘explorative’ and ‘problem-solving.’ It also directly
links the development of innovative mathematics skills with the future needs of society at large.

The curriculum for natural sciences, on the other hand, uses the term ‘creativity’ when describing
the core concepts of the subject:

Practical and theoretical work in laboratories and in the field using different problems
and questions is necessary to gain experience with and develop knowledge of the
methods and approaches in natural science. This may contribute to developing
creativity, critical abilities, openness and active participation in situations involving
natural science knowledge and expertise (Utdanningsdirektoratet [The Norwegian
Directorate for Education and Training], 2006b, p. 1).

Unlike the description of mathematics, which argues for a creative teaching method in order for
students to develop the necessary knowledge, the description for natural science argues that a
practical and theoretical approach to the subject may lead to development of a multitude of skills,
including creativity. Creativity and innovation may not be at the core of the subject, but the
curriculum suggests they play a vital part in achieving a complete and well-rounded understanding of
the subject as a whole.

The curriculum for Art and Crafts also highlights the importance of creativity and innovation for
society. The general description for Art and Crafts, like the one for mathematics, connects the
importance of the development of creativity and innovation to individual growth:

The subject [of] arts and crafts has an important position in developing general cultural
education. It also prepares pupils for a number of further education[s], trades and
occupations. Aesthetic competence is a source of development on several levels, from
personal growth, via influence on one's personal surroundings, to creative innovation in
a larger social perspective (Kunnskapsdepartementet [Ministry of Education and
Research], 2006, p. 1).
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Whereas the natural science curriculum suggests the subject could help develop creativity, the
curriculum in Art and Crafts states that the development of aesthetic competence is without a
doubt a source of creativity and innovation. The description signals the Norwegian
governments belief in the value of the subject Art and Craft as well as the impact it could have
on other subjects or on the individual as a whole.

3 Innovation and creativity

Creativity should not be overlooked when considering the development of innovation. Although the
relationship between creativity and innovation is strong, these two concepts are not equal, neither
in definition nor in reputation, and have notable differences. Eva Lutnaes defines in her article
Imagining the Unknown - Responsible Creativity for a better tomorrow in FORMakademisk creativity
as “the ability to create valuable and meaningful new ideas based on knowledge of previous work”
(2015, p. 9). This definition agrees with Vygotsky's conception of creativity as the ability to assemble
experienced elements in new ways into a new product, whether physical or conceptual (Vygotsky,
2004 [1926]).

There is a clear connection in Vygotsky's research between creativity and imagination, suggesting
the importance of understanding the place of imagination within creativity and innovation. The
components of creativity is based in the imagination, something Vygotsky charts in his article
Imagination and Creativity in Childhood (2004 [1926]). Vygotsky argues that children develop
imagination and creativity in the context of their cognitive development and day-to-day experiences.
According to Vygotsky, imagination is an essential part of being human that first develops in early
childhood and he argues that imagination and creativity develop as a child’s increased sensory
awareness expands. Early in a child’s development, imagination fills a gap between what the child
has experienced and what he or she understands. The more the child has experienced, the less it
needs to resort to imagination in order to understand or justify the world around it.

At the same time, imagination is a product of a child’s experiences (Vygtosky, 2004 [1926]). The
building blocks of imagination are created through experience, meaning that the older a child
becomes and the more he or she experiences, the more potential imagination they have. This may
seem like a paradox given that adults, who would seem to have the greatest potential for
imagination based on their experiences, do not use imagination to the same extent as a child
(Vygotsky, 2004 [1926]). There are many indications that adults generally do not need to fill the
space between their experiences and reality since they have experienced larger parts of the world
and acquired a greater understanding of it (Vygotsky, 2004 [1926]). Lev Vygotsky describes it as
follows in his article Imagination and Creativity in Childhood:

[The] creative activity of the imagination depends directly on the richness and variety of
a person’s previous experience because this experience provides the material from which
the products of fantasy are constructed. The richer a person’s experience, the richer is
the material his imagination has access to. This is why a child has a less rich imagination
than an adult, because his experience has not been as rich. (Vygotsky, 2004, s. 15)

Vygotsky describes imagination as a product of humankind’s future-oriented evolution (Vygotsky,
2004 [1926]). Imagination plays a large role in creative activity that combines familiar elements with
the unknown in what Vygotsky calls combinatorial creative activity. Combinatorial creativity is the
ability to combine two seemingly separate experiences into a new one, which is largely exercised by
children in order to understand the world around them, as mentioned above. This kind of creativity
shows how imagination is deeply rooted in the real world, as each individual component is an
experience based in reality, and what could exist in the future by combining separate sensory
experiences in new innovative ways.
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An imagination based on a multitude of diverse experiences is a prerequisite for combinatorial
creativity (Vygotsky, 2004 [1926]). All innovative, creative acts require the actor to have experience
with the media with which they work, whether in design, science or art. If you see imagination and
combined creativity in the light of an action that creates something tangible, it is essential that the
creators making new tangible objects must have a real understanding of its constituent elements
and its potential for development in a given field in order to achieve a functional product (Sennett,
2008).

Imagination

Creativity

Innovation

Figure 1 is a visual representation of the relationship between imagination, creativity and innovation (Jorid Vittersg).

Figure 1 shows that the core is the imagination created in childhood, at the middle stage is the
development of creativity and the skills to develop ideas and the exterior ring represents the
realization of those ideas and the ability to apply those to an innovative act. If making the
assumption that an idea springs from imagination (and therefore a combination of experienced
elements), the true success of an innovation lies in the implementation of the actual design of a
product. That success rests on whether the creator has a relationship with the product and a hands-
on knowledge of desirable improvements or changes (Sennett, 2008). One can say that innovation is
about making imagination real. If innovation is a product of creativity that requires an element of
imagination, innovation in many ways is an act of imagination. The question then becomes; how to
facilitate the in-depth knowledge necessary to create a successful innovative product?

3.1 Circular metamorphosis

Past research has shown the concept of repetition to be a vital part of the creative process. As
previously discussed, Vygotsky (2004 [1926]) argues that imagination is determined by the richness
of an individual’s experience. Knowledge and understanding of the surrounding world is created
through immersion in the physical or metaphysical world, broadening the horizons of an individual.
In many ways, this resonates with the arguments made by Richard Sennett in his 2008 book The
Craftsman. An advocate of hands-on experience and tacit knowledge, Sennett (2008) highlights the
importance of life experience as well as the repetition of tacit knowledge (Polanyi, 1958). The author
argues that repetition creates an intimate knowledge of a given subject that allows individuals to go
beyond their past learning.
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Sennett describes a creativity paradox within architecture in which computer-generated drawings
have taken over hand drawings in the design process. With the help of so-called computer-aided
design (CAD), architects can create visual tools quickly and efficiently and can immediately change
the same drawings without having to rewrite their work. CAD drawing software gives an architect
not only a plan or section drawing, but also a three-dimensional model where lighting conditions can
be added by means of a keystroke.

Although CAD tools seem to be the best friend of the architect, Sennett (2008) argues this is not the
case. He argues that by relating only to a computer-driven model, the architect loses a certain part
of his or her understanding of the building, the space and the project itself. It is through repetition of
drawings, small changes and reconfigurations that need to be rewritten that the architect has a solid
experience with the project and how it will be built. The process of going from original sketch to
architectural drawing to visit the building site and then back to the drawing board to change the
drawings creates an intimacy between an architect and a project. Sennett calls this type of repetition
and exercise a 'circular metamorphosis', where the architect can create one or more changes in a
project based on inherited conditions in the building.

Another side effect of the repetition and exercise of circular metamorphosis is that the architect or
craftsman is constantly developing his or her concrete dexterity with architectural drawings. Sennett
describes in his book The Craftsman a conversation where a student at the Massachusetts Institute
of Technology related her experience with circular metamorphosis:

When you draw a site, when you put in the counter lines and the trees, it becomes
ingrained in your mind. You come to know the site in a way that is not possible with the
computer. . . You get to know a terrain by tracing and retracing it, not by letting the
computer ‘regenerate’ it for you. (Sennett, 2008, p.40)

The quotation highlights Sennett's argument about skilled experience as a kind of knowledge.
Experience creates an invaluable bond created between craftsmen and his or her aesthetic process
because the craftsman continuously has to circle back to the starting point to make changes.
Repetition creates a deep anchoring of the task or the work of the practitioner. It also creates a
different and more complete understanding of the work itself. The practitioner will, after a finite
number of repetitions, know the site like the back of their hand and will therefore be much better
equipped to make informed decisions and alterations to the drawing.

3.2 Innovation and creativity in the Norwegian public school system

In Imagining the unknown: Responsible Creativity for a better tomorrow, Lutnaes (2015) describes an
interview with an Art and crafts a teacher who questions the need for originality in the field. The
comment pinpoints the difficulty of having an assessment of student work in a class in which
students largely work from a template designed by the teacher. "The students had redesigned the
teacher's model and her doubts about expectations of originality were most reasonable", Lutnaes
writes (p. 7).

From an innovation and creativity standpoint, however, it can be argued that copying is only a form
of search for material knowledge and experience, even if it is problematic for assessments. This need
to copy and reproduce existing work is in many ways similar to Sennetts argument for tracing and
retracing an architectural site. The practitioner acquires knowledge by copying their own, or others,
work. The Norwegian school system may place too much value on the requirement for originality.
Lutnaes argues that this is partially due to the Norwegian public school practicing a product-oriented
assessment form. This type of assessment is largely, if not only, based on the final product of any
educational situation, as in a finished painting or end of year final exam (Lutnaes, 2015).

The Swedish public school, however, mainly focuses on a process-oriented assessment form, where
the documentation of the learning process is vital to the assessment. Lindstrom’s (2006) study of
Swedish school with pupils aged 5 to 19 showed how the school emphasizes portfolio assessments
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focused on individual students’ progress as well as their self-reflection around their work. The school
system investigated by Lindstréom is comparable to the Norwegian school system culturally and
systemically. Based on Lindstrom’s researchthe Swedish educational system is more process-
oriented than product-oriented, which could be a possible solution for the Norwegian school system.
At the same time, Lindstrom points out that although the students were reflecting on their own
creation process and abilities, there was a clear difference between the students' knowledge and
skills and their understanding and recognition of their own creative process (Lindstrém, 2006).

If this finding is linked to the theory of experience-based creativity (Sennett 2008; Vygotsky, 2004
[1926]), the Swedish students show a greater degree of experience and conscious decisions in
relation to their creation processes. Lutnaes (2015) problematizes the Norwegian school system's
focus on product orientation rather than a process orientation. The author questions why
Norwegian schools do not aim for a process-oriented learning arena where the goal is learning itself
rather than the product of the class.

3.3 Creativity as knowledge

Larsen's (2007) master thesis explains the psychological development of creativity, the extent to
which it can be learned, and whether it is an innate individual trait. Larsen concludes that creativity
is a form of knowledge that can be learned and taught. She also describes the concept of flow
theory, as described by psychologist Mihaly Csikszentmihalyi. As illustrated in Figure 2, flow theory is
a description of the individual's development potential within a given area. Larsen describes this as
"the optimal interface between the individual's competence and the requirements of the task"
(Larsen, 2007, p. 30, my translation from Norwegian).

(High)

low
Channel

Challenges

Boredom

(Lew)

(Low) Skills (High)
From Flow: The Psychology of Optimal Experience

by Mihaly Csiks rentmihalys (page 74)

Figure 2. Flow theory model.: The Psychology of Optimal Experience
(https://en.wikiversity.org/wiki/Motivation _and emotion/Book/2011/Flow)

Looking at this model in relation to the development of creativity and its connection with experience
illustrates the importance of experiencing creativity as a kind of skill. When creating a learning
experience the object should be to work at level Al aiming for level A4. The mark A2 is covered by
what the individual already knows and provides no further learning opportunities, the mark A3 is
beyond what the individual is able to grasp. The individual should therefore, based on the known
experiences in level A2, aim towards A3 through the more achievable level of A4. The existing
experiences at level A2 serves as building block to achieve the levels above. Seen in connection with
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an experience-based learning form, experience arguably must serve as a basis for possible learning
in all subjects. These points are supported by Sennett's thoughts on repetition and hands-on-
experience (2008) as well as Vygotsky's theory of imagination (2004 [1926]).

However, one can question whether this process is the reality of Norwegian creativity education,
especially when considering Lutnaes' findings (2011). In Norway, creativity and originality are
considered a requirement for assessment. But looking at creativity through flow theory, such a
mindset undermines the entire creative and innovative process. If school administrators want to
introduce innovation to their students’ learning perspective, hands-on experience with the materials
will be invaluable and should be continually developed.

Is it reasonable to expect a student to develop a solid expertise within a particular topic, as argued
by Sennett, and then to create something innovative and creative, through Vygotskys theory
regarding combinatorial creativity, given the limited time frames with which the Norwegian school
system operates today? Vygotsky and Sennett argue for the continuous development of innovative
capabilities, whether in cultivating imagination or creating crafts. A condition to both Vygotsky’s and
Sennets’ theories is the concept of time, and the time and space do develop a skill or acquire new
experiences. Process learning can become a key tool that opens for a lasting connection between
experience and innovation. Set against Lutnaes' description of a product-oriented school system in
Norway, one can argue that the development of innovation in the Norwegian school system today is
at best challenging.

3.4 Convergent and divergent creativity

In Convergent Creativity: From Arthur Cropley (1935-) Onwards, Ai-Girl Tan (2015) outlines
developments in creativity research over the past few decades. The article addresses the view of
convergent and divergent creativity and the legacy of J. P. Guilford as well as that of Arthur Cropley,
who challenged Guilford’s theories surrounding creativity. According to Guilford, convergent
creativity is a process based on a predetermined outcome at the start of the task. A divergent
creative approach is dependent on absolute freedom after the task has been set (Guilford, 1964).
This difference can be described as an opposition between radical and disassociate creativity on one
side and responsive and combinatorial creativity on another.

When considering the two types of creativity, divergent creativity is often considered the optimal
form because, its proponents argue, its radical and free form enables a true originality (Cropley,
2006; Tan, 2015). Cropley (2006) argues that convergent creativity is preferable in an educational
setting, as this type of creativity teaches a sense of purpose in its process. Convergent creativity is
dependent on an aim and requires achieving a goal, whereas divergent creativity appears to be a
source of unruly chaos in comparison (Tan, 2015). However, the two types of creativity work best if
combined. In Cropley’s article In Praise of Convergent Thinking (2006) it is argued that although
divergent thinking previously had been thought of as the only creative way of thinking, convergent
and divergent thinking are more interlinked than what was once assumed. Cropley believes that
convergent thinking is better suited for educational purposes as it offers a wider range of teachable
skills and is a goal-oriented process that builds on previously attained skills. Although both
divergence and convergence are a part of a creative process, a process based only on divergence will
create a haphazard result, while one oriented around convergence will arrive at a predetermined
goal.

The preference for divergent thinking may lie in the assumption that convergent creativity is bound
and constrained in its thinking. As Joy (2015) points out, there seems to be an inclination toward the
divergent method amongst those who evaluate creative products, but is this the best approach for
educators? The absence of structure in divergent tasks could create not only a complex learning
environment, but also an inconsistent assessment.
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3.5 The originality paradox

As outlined in Eva Lutnaes’ (2015) article Imagining the unknown. Responsible Creativity for a Better
Tomorrow, Art and crafts educators in Norwegian public schools struggle with the concept of
originality in an educational setting as originality is hard to teach and hard to assess, yet often
expected in the product-oriented assessment form. The expectations of originality in student work is
sometimes counter-intuitive, much due to the fact that the students develop their skills through
repetition and imitation of example work, particularly the examples and techniques provided by the
teacher. In light of Sennett’s (2008) arguments around tacit knowledge and circular metamorphosis,
it seems in many ways unfair to judge a student’s ability to produce a novel element when they do
not have the necessary experience with component materials.

One part of the problem may lie in the general public’s conception of novelty and originality as
deeply linked with what they see as true creativity. The public seems to prefer the divergent creative
method (Cropley, 2006). However, the divergent approach often leads to a haphazard result
(Cropley 2006). Although divergence is an established creative method, the result is often a product
of complete accident. The final result cannot be predicted and the process is as much in danger of
failing as it is likely to succeed. In an educational setting, the concept of assessing a learning situation
where the final product could be coincidental seems farfetched, and the prospect of teaching such
creativity even more so. It is therefore surprising that the divergent creativity seems to be preferred
in an educational setting. Stephen P. Joy (2012) describes in his research article Origins of Originality:
Innovation Motivation and Intelligence in Poetry and Comics a study in which students were given
the task of writing and illustrating poems before arguing for a new understanding of divergent
thinking. In said study Joy makes the following argument: “Divergent thinking is associated with
superior creative products, and judges respond to divergent thinking in their evaluation of creativity”
(Joy, 2012, p. 211-212).

This preference seems to also be present in the Norwegian school system (Lutnaes, 2015), even
though it is not necessarily the best approach to creativity teaching. Joy further argues that although
divergence might be a vital component of the creativity process, it is not necessarily sufficient as the
sole creative approach. That being said, convergent creativity may not be sufficient on its own to
inspire innovation.

In the Norwegian public school system, there seems to be a favouritism towards goal-oriented
learning, which in many ways lends itself to the divergent creative method (Lutnaes, 2015). This is
particularly true as the concept of originality is valued as the epitome of a creative task. Compared
to the process-oriented assessment practiced in the Swedish public school system, the Norwegian
system is based on the final product (Lindstrom, 2008). One could argue that due to the fact that the
assessment in the Norwegian public schools depends mainly on the quality of the final product, the
level of originality becomes increasingly important. However, if Norwegian schools adopt a more
process-oriented type of assessment and a convergent method to creativity, assessments and
teaching methods would need to change.

Sennett (2008) describes the concept of master-novice learning as a process where the master
teaches the novice through hands-on experience. The knowledge acquired through observation and
replication is essential and deepens the student’s understanding of the material. In master-novice
training as Sennett describes it, there is no concept of originality, but rather the value of deep
understanding. Seen in relation to the Norwegian public school system, this would translate to a
teacher-student relationship. The teacher should be seen as a master teaching its novices through
demonstration and observation. The concept of originality is not essential in this process as the
object of the process is learning through trial and error. The master creates a structure within which
the student is allowed to explore, guided by the teacher. The crossover between this relationship
and the concept of convergent creativity is apparent.
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Relating this understanding back to the research of Lutnaes (2015) reveals that the concept of
originality should not lie outside the constraints of the assigned task, but rather on how the student
approaches the tasks within the frame itself. Perhaps the originality lies within the frames, not
beyond them. The tacit knowledge the student has acquired should allow him or her to experiment
within the structure of the task (Sennett, 2008). The ability to work within the compounds of a task
and its manipulations of its elements would demonstrate a student’s knowledge of it. The process is
arguably much more worthwhile than a finished product created by chance, regardless of how
original it is (Lutnaes, 2015; Lindstrom, 2006).

This does not mean that the value of divergent thinking should be completely disregarded. The
ability to make explorative decisions and choices beyond the task should be encouraged to a certain
extent (Joy, 2012). Perhaps divergent tasks become convergent once a student has reached a high
level of tacit knowledge, allowing him or her to make informed decisions. The ideal instruction style
would teach creativity with a purpose and but give students the ability to move beyond structures
provided by their teachers.

4 Innovating innovation

The Norwegian government and society at large place a great deal of importance on the idea of
innovation, especially in the school system. Creativity and innovation are in some form or another
specified in most curriculums, regardless of the subject. Whether the topics are variously considered
to be a by-product of the teaching method, a possible arena for development, or a certain source of
personal growth. Lately there has been a shift in focus where creative subjects such as Art and Crafts
have been seen as a valuable arena for development and innovation. However, there is a disconnect
between what is written in the curriculum and what is practiced in schools.

There seems to be a divide between the intention of the curriculum and what is actually being
taught, much of it due to the vagueness surrounding the terms innovation and creativity. There
needs to be a standardisation of the terms and development of a more hands-on approach on how
to develop creative and innovative skills in a school setting. There also needs to be further research
into the individual components of creative skills so that educators are able to understand develop
each skill individually.

The inconsistency of current innovation education seems to be the Achilles’ heel in the Norwegian
public school system, whether in relation the form of assessment practiced, the preferred type of
creativity or the time and resources dedicated to teaching innovation as a whole. If teachers across
all subjects do not know how or what they are teaching or do not have the resources available to
them, we cannot expect the development outlined in the current curriculum to be realised. Perhaps,
then, the current innovation practice needs to be innovated.
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The current state of economic development of Chile requires human capital with
thinking skills such as, analytical thinking, creative problem solving, and collaboration;
all skills deployed extensively during the design process. At the primary and secondary
school level, this problem is not solved only with curricular changes, but requires
teacher training and support. There is empirical evidence that the international
application of design thinking has been successful in education among students and
teachers. However, directly importing such models may not be effective given the
particularities of the Chilean education system. This paper reports a research project
that sought to identify opportunities for design thinking in Chilean education by
developing and testing a training program for 20 teachers and managers. During
extended design thinking training a range of resources were used to collect,
systematize and analyse the information generated by participants (practical
exercises, questionnaires, interviews, focus groups, arrays, etc.). This paper gives an
account of the context of the study, the variables chosen for an analysis of the training
programme and preliminary results.

design thinking; teacher professional development; problem solving; design methods

1 Introduction

Traditionally, the contribution of design to education has focused on the generation of teaching
materials, textbooks, development of fonts for the learning of reading and writing (Sassoon, 1993),
space design, equipment and furnishings, among others. In the field of visual communication,
Frascara (2001) identifies the characteristics that differentiate educational design from design for
persuasion, information and administration, stating that in addition to facilitating access to
knowledge, it is responsible for generating behavioral changes mediated by reflection.
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In the field of space design, Bruce Mau (2010) explores the relationship between the physical
environment and the acquisition of knowledge and skills. With the development of information
technologies and communication, the forms of collaboration have been expanded into graphical
interfaces, virtual environments and multimedia systems for learning. In areas of non-formal
education, the limits may be extended up to museography and the design of information, bordering
with other areas of design that seek to reduce the cognitive complexity of abstract data types to
facilitate their understanding.

In recent years, design has also begun to contribute to education its approach to address problems,
transform them into opportunities and propose creative solutions, in other words, their particular
way of thinking. The implementation of design thinking is one of the forms that this collaboration
has taken.

In Chile, projects have focused in anthropometric surveys that define ergonomic requirements for
the design of school furniture (Rojas, Almagia e llardi, 2013), as well as modeling the space for
pedagogical habitability (Adlerstein, Manss & Gonzalez, 2016). In the area of editorial design, the
system of evaluation of school texts design prepared by the Ministry of Education stands out
(Zepeda, 2007).

Due to the continuous educational reforms taking place in Chile in the last years, teachers are
demanded to not only communicate basic knowledge, but also develop advanced thinking and
problem-solving skills among their students (Garet, 2001). Design thinking can contribute to reflect
and actionate teachers’ ideas and needs regarding aspects such as classroom behaviors, group
collaboration, active learning as well as student performance.

2 What is design thinking

Design thinking is a systematization of the design process, which is part of a long academic tradition
emerging in the last 50 years. However, the term recently became popular at the end of the first
decade of the twenty-first century, as a method to encourage creativity among managers,
challenging them to combine the capacity of both hemispheres of the brain, with the objective of
generating innovations that translate into economic benefits (Dunne & Martin, 2006; Brown, 2008;
Gloppen, 2009; Dorst, 2011; Hassi & Laakso, 2011; Johansson-Skéldberg et al., 2013). The existence
of both perspectives, usually generate confusion regarding the meaning and methodological scope
of design thinking.

The study of the design process seeks to identify and characterize the activities, skills and
competencies that are deployed in professional contexts, with the purpose to understand, formalize
and show them to the new generations of designers. Most of the theoretical production comes from
the academic journals Design Studies and Design Issues. Different authors point out, as foundational
milestones of this tradition, the realization of the Conference Design Methods, in 1962, and the
publication, two years later of, Notes on the Synthesis of Form, by Christopher Alexander. A third
milestone of great relevance is the publication, in 1969, of the Sciences of the Artificial, from Herbert
Simon (Johansson-Skoldberg et al., 2013; Hassi & Laakso, 2011; Cross, 2006; Cross 2001). Although
over the course of five decades, a vast academic production in the field of professional design has
developed, it remains rather ignored in education (Johansson-Skéldberg et al., 2013).

The second is associated to the implementation of practices and competences proper to design on
the part of professionals from other areas. In this context, design thinking is a simplified version of
the “designerly thinking”. Dorst (2011) explains in the following terms why design thinking is so
interesting to other disciplines:

Studying the way designers work and adopting some designerly practices could be
interesting to these organizations because designers have been dealing with open,
complex problems for many years, and the designing disciplines have developed
elaborate professional practices to do this. The challenge of dealing with these open,
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complex problems leads to a particular interest in the ways designers create ‘frames’,
and the way design organizations deal with frames in their field of practice (Dorst, 2011,
p. 522).

Cross describes design thinking as a ‘style of thinking that combines empathy for the context of a
problem, creativity in the generation of insights and solutions, and rationality to analyze and fit
solutions to the context’ (Raffaghelli, 2014: 276). Throughout this process, the ability of thinking
about ‘ill-defined problems’ is developed enabling the design of possible solutions.

In the field of school education, design thinking has also been applied and adapted to different
users—teachers, managers and students of different ages—and with various objectives—curriculum,
spaces, processes, tools and systems (Carroll et al., 2010; Scheer et al., 2012; IDEO, 2012; Kangas et
al., 2013; Goldman et al., 2014; Watson, 2015). Valuable experience of implementation of design
thinking to education have been led by the Department of Education of Ideo, such as the Design
Thinking Toolkit for Educators developed in conjunction with Riverdale School, the School Retool
program and the Innova Schools system in Peru.

Also close to the Ideo model are the K12 Lab Network and the d.home.team, of the Institute of
Design at Stanford (d.school). Other noteworthy initiatives, which incorporate elements of design for
education, are Design for Change, FabLab Teacher Studio and Index in Denmark. In Chile, some
programs that incorporate certain tools relative to the design process are: Elige Educar, Rompela,
Tinker Trak and Movimiento Aula.

Probably due to the focus on consultancy, training and transfer of the majority of these initiatives,
there are still low academic publications that focus on results. In the United States, Carroll (2010,
2015), Goldman (2014), and Watson (2015) have analyzed cases of application of design thinking in
school and university contexts. Nevertheless, in the field of educational research, learning design has
experimented a growing importance and constitutes an emerging trend as a process that enables
educators to ‘explore their educational problems and make more grounded decisions to
plan/implement their pedagogical practices’ (Raffaghelli, 2014:277).

In Chile, there are no academic studies to identify: Which elements of the design process are more
suited to the different educational challenges, and in which areas of the teaching activity are they
more effective.

3 Demands of the Chilean School Curriculum in the 21 century

What is there in design thinking that is attractive for education? The answer seems to relate to the
twenty-first century skills that the knowledge society demands from the educational system. Skills
that help individuals face the university, professional career and their role as citizens successfully —
particularly with an unpredictable and uncertain future. Among these skills are, critical thinking, the
ability to respond flexibly to problems, collaboration, agility and adaptability, the ability to access
and analyze information, curiosity and imagination (Carroll, 2009; Trilling, 2009; Scheer et al., 2012;
Watson, 2015).

In Chile, since 2012, the curriculum has experienced a strong process of renewal, incorporating an
approach focused on the development of thought through prescribed content. This approach is
supported with multiple lines of research and the application of a variety of educational programs,
which indicate that thought, is susceptible to being taught (Dweck, 2012).

On the other hand, there are challenges imposed by the new policies of inclusion, after the
implementation of the Decree 83, whose purpose is to ensure the flexibility of the curricular
measures for students with special educational needs (Decree No. 83/2015 -3; MINEDUC 2015). This
legislation requires that educators draw upon disciplines as design, to generate effective pedagogical
responses to common educational needs, both individual and special.
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In this context, it is necessary to develop strategies that will help to implement curriculum and
evaluative innovation, and to attend to diversity. Thus, in the coming years, schools will have to
promote creativity in their pedagogical teams, understood as that novel answer that becomes
expressed and valuable for the social context in which it is deployed (Beghetto, 2007a;
Csikszentmihalyi, 2014). The binomial Education and Design is highly relevant as it evidence about
how to facilitate the response to the diversity in the classroom, through the development of
different types of tools.

4 Purpose of the study

The purpose of the study was to identify which elements of the design process are more suited to
the different types of problems and challenges that Chilean teachers face, and to test in which areas
of the teaching activity are they more effective.

In the field of design, this study provided the opportunity to explore new areas of professional and
academic performance. In addition, it moves towards the understanding of design as a way of
thinking, and strengthens research and the generation of new knowledge and theory from the
design discipline.

The main objectives included:

e Identify opportunities to transfer the design thinking method to teachers of Chilean schools

e Test design tools as a resource to make findings on teacher training actionable

e Develop and test an intervention program through collaborative work between British and
Chilean researchers

5 Teacher training

In addition to the skills that enable adapting to changing scenarios and dealing with complex
problems in the knowledge society, continuing vocational training is an imperative throughout life
and is expressed in a new professional culture forged on values such as collaboration and social
progress (Ramalho, 2004).

The United Nations Educational, Scientific and Cultural Organization (UNESCO) has defined the
concept of lifelong learning as: an education without limits, which requires the generation of open
opportunities, flexible and relevant, to acquire the knowledge and develop the skills and attitudes
that are needed in the different stages of life. Gravani (2007), defines teacher development as a
‘sub-set of adult development and is underpinned by adult learning theories; hence, when designing
programmes for teachers, the premises of adult learning should be considered’ (Gravani, 2007).

The development of adult education, in the past 60 years, has enabled the realization of a growing
number of investigations, which represent solid examples of the design of public policies. These
perceive continuing education as a key element in the economic, political, and cultural
transformation of individuals, communities and societies in the present century (Eutyduce, 2009). In
this context, teachers are demanded a great amount of flexibility to adapt to curricular proposals
that change constantly and develop cognitive skills different from what they are accustomed, for
themselves and their students (Avalos, 2006).

Two critical poles of tension intervene in the design of successful teacher training programs: a
personal component related to the will of learning and the organization of the training activities in
relation to the needs of the educational systems to which teachers belong (Avalos, 2007).

Garet (2001), studied the effects of different characteristics of teacher training programs on
teachers' learning, using a national probability sample of 1,027 mathematics and science teachers.
Among the relevant findings, the structural features (form and duration of the activities) of the
taining program are described as fundamental to increase teacher knowledge and fostering
meaningful changes in their classroom practice.
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Traditional forms of training as workshops have been criticized in the literature as ineffective mainly
because they usually occur outside the teachers’ own classroom. Avalos (2007) explains that cases
in Great Britain, USA and Chile have had problems dealing with conventional structures offered to
teachers, which were not focused in comprehension. Therefore, new forms denominated “reform”
types are encouraged (study groups or mentoring and coaching). Introducing activities in a teacher’s
regular day enable to make connections with classroom teaching, and they may be easier to sustain
over time (Garet, 2001).

Teacher training built upon real needs of the participants which use observation, evaluation,
coaching, collaborative workshops, and iteration enable the building of knowledge through
collaboration, sharing significant ideas and the generation of solutions coherent with the real
demands of today’s classrooms (Avalos, 2007).

6 Research and programme design

The study focused on the development of an emergent training program, which was planned to be
iterative, being influenced by the reaction of the participants in the various stages. This
methodology, previously explored by British researchers (Lloyd, 2013), added complexity and
uncertainty to the transfer proposal, but at the same time, added a high component of empathy and
involvement of teachers in their learning process, and in the assessment of a significant training
experience.

Laudrillard (2013) defines teaching as a design sicence, because its aim is to ‘keep improving its
practice, in a principled way, building on the work of others’. This study considered the participants
as direct contributors to building the knowledge in collaboration with the research team.

The project consisted of a training program for 20 Chilean teachers, from schools of various levels of
dependency in the Metropolitan Region of Santiago, Chile. Among them, were two directors, two
coordinators and 16 teachers of various subjects.

The planning and organization of the training programme was structured using core and structural
features described by Garet (2001) which have proved to have significant positive effects on
teachers’ self-reported increase in knowledge and skills and changes in classroom practice:

1. Focus on content knowledge: degree to which the activity focuses on deepening teachers’
knowledge in a specific subject.

2. Opportunities for active learning: extent to which the activity offers teachers opportunities
for active learning. Among them, observing expert teachers and being observed in their own
classroom obtaining feedback and being able to link the ideas introduced during the training
to their real teaching context.

3. Coherence with other learning activities: designing experiences consistent with teachers'
goals and aligned with state standards and assessments. And encouraging professional
communication among teachers.

Structural features:
1. The form of the activity: reform or traditional types
2. The duration of the activity: total contact hours and span of time

3. The degree to which the activity emphasizes the collective participation of groups of
teachers from the same school

The following table displays the described features and how they were translated to the training
programme designed for this study:
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Table 1 Core features of professional development activities and training program features (Garet, 2001).

CORE FEATURES

TYPES OF ACTIVITIES

TRAINING PROGRAM FEATURES

A. Focus on content knowledge
Deepening knowledge in subject
area

Teachers worked with the problems they
experienced teaching their own subject
area

B Active learning
Involve teacher in meaningful
discussion, planning and practice

Observing expert teachers, being
observed and obtain feedback

Researchers observed classes and gave
feedback to the teachers

Linking professional development
experiences to their own teaching
context

Teachers identified and defined a
problem within their teaching context.
This meant that each teacher worked
with a highly relevant problem in terms
of their teaching and/or administration
position.

C. Coherence with other learning
activities

Activities that promote coherence
in teachers’ professional
development

Consistent with teachers' goals and
established standards and
assessments

Experience that encourages
communication among teachers

The program included hands-on
activities, group work, presentations,
discussions and feedback from
researchers and among peers. These
activities generated multiple
collaborative opportunities, both for the
definition of the problem and for the
development of possible solutions.

STRUCTURAL FEATURES

D. Form of the activity
Structure and format of the activity

Traditional Type (i.e. workshop,
conference)

Reform Type (i.e. study group,
network)

The program was designed with a mixed
format. Including brief presentations,
discussions, group work, workshops and
networking.

E. Duration of the activity

Total number of contact hours

Span of time over which the
activity takes place

The program was conducted over a
period of six months. It included 20
contact hours, 6 hours of follow up at a
distance and 2 hours of observation and
coaching.

F. Collective participation of
groups of teachers from the same
school

Teachers from the same school and/or
teachers from the same subject area
worked collaboratively.

6.1 Dimensions of design thinking applied to the training programme

The design process has been represented in various ways, with highlighting stages, phases, key
moments and attitudes that characterize it. In the case of this project, several sources were used for
reference. All of them described and categorized relevant aspects of design thinking and their main
attributes and features. The RedLab Prototype Performative Task Assessment Rubric (for teacher
training assessment) by Maureen Carroll and Melissa Pelochino (in process of development), made it
possible to understand design thinking mindsets fundamental for educators such as: human-
centered approach, motivation toward action, radical collaboration, culture of prototyping, and
capability of visualizing while being aware of the process (Carroll, 2015).

The cognitive process associated with design thinking is highly relevant because during the
development of its stages, different areas of the cognitive process are triggered (Wilson et al., 1993).
For example, the resolution of problems focuses on the interrelationship of processes such as
motivation, cognitive flexibility, and even emotionality (Newton, 2013).
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The research team defined two main dimensions for the design of the training program and labeled
them as: ‘problem framing’ and ‘productive collaboration’. All the training program is based on the
concept of ‘bias towards action’ (Carroll et al., 2010), focused on developing action-oriented mindset
rather than discussion-based work. Prototyping and testing was used during the program to
communicate and inspire new thinking.

6.1.1 Problem framing

Problem framing is defined by Lloyd (2013), among four key concepts of the design process, which
must be addressed for teaching: Problem framing, productive dialogue, quiet design, and using the
expertise of others. The ability of framing problems refers to the capacity to discover, define the
scale, and re-define problems. This reflexive and iterative process maximizes the generation of
innovative and creative solutions, which may even consider removing something existing instead of
developing something new. The criteria used to evaluate the evolution of problems throughout the
training program were: manageable, comprehensive, precise and with potential of solution.

6.1.2 Productive collaboration

The dimension of ‘productive collaboration’ considers Lloyd’s productive dialog key concept, which
relates to the skill of designers to communicate their ideas and receive feedback from others. The
dialogue is not just restricted to the communication with another, but includes the dialogue with
oneself. Using the expertise of others is also an aspect related to productive collaboration, as it
refers to the capacity to identify what is necessary to carry out a project and who are key actors in
achieving the purposes. Carroll (2015), describes the concept of ‘radical collaboration’ as one of the
skills and attitudes that the design thinking process develops.

6.1.3 [teration

Iteration was a fundamental aspect of the training program, both for problem framing as for
productive collaboration. Monitoring the error and the repeated feedback, associated with iteration,
develops cognitive flexibility, an essential dimension of the executive function. The inherent
flexibility of design thinking granted the capacity to adapt to changes and tolerate uncertainty during
the process. On the other hand monitoring actions, receiving feedback and having opportunities to
retry and improve (Dorst, 2011; Darling-Hammond, 2006) becomes critical for the process of
consolidation of learning.

Table 2 Dimensions of design thinking applied to the training program.

DIMENSIONS CRITERIA INDICATORS
The problem is framed according to the skills
Manageable and strengths of the subject that formulates
it.
. The problem evolves becoming clearer, easy
1. PROBLEM FRAMING Comprehensible .
. . ) to understand and consistent.
Capacity to discover, define the - -
. . The problem evolves becoming more precise
scale, and re-define problems Precise -
and delimited.
The problem evolves in its potentiality of
Potential of solution solution, and the necessary resources to
address it are available.
2. PRODUCTIVE During the definition of the Incorporates the suggestions of peers in the
COLLABORATION problem redefinition of the challenge or problem.
Skill of designers to
communicate their ideas and L . Incorporates the ideas of others in the
. During ideation . .
receive feedback from others process of ideation.
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6.2 Program content, time distribution and data collection methods

The duration of professional development enables teacher change. Almost all of the recent
literature on teacher learning and professional development calls for professional development that
is sustained over time (Garet,2001). Longer activities facilitate in-depth discussion, allow teachers to
try out new practices in the classroom and obtain feedback on their teaching.

When teachers engage in joint professional development, they may be able to integrate what they
learn contributing to a shared professional culture and developing common understanding. At the
same time an organizational culture that supports reform instruction can facilitate individual change

efforts.

The program included five training sessions during a period of seven months, the first and last with
the participation of international research partners.

Eight participants were chosen as stakeholders for whom detailed case studies were developed.

Studying these in-depth cases aimed to map the design process of each participant and their results,
and also to obtain a qualitative description of their experience, difficulties, needs, and projections in
each of their specific contexts.

The training, in addition, considered activities between workshops that participants developed
individually. These activities provided continuity to the program and maintained the connection and
interest of the teachers in their respective projects.

At the end of the last session, each teacher was intreviewed to collect information about their
experience and the impact of the training program in their pedagogical practices. Based in Garet
(2001) teachers were asked about aspects such as: discussing their learnings with colleagues or
administrators who did not attend the activity, and whether they had communication, outside of the
formal training program, with participants in the activity who teach in other schools. Teachers were
also asked if they made any changes in their teaching practices after the training program.Table
three describes the contents, activities and data collected during the duration of the complete

programme:

Table 3 Program content and data collection methods.

Date Contents / Activities Information collected
Session 1 Introductory workshop on design methods focused Questionnaire about understanding of the
April 2016 mainly on empathizing about everyday problems concept of design and applicability in the field of
with the other participants and generating interest education on the part of the participants.
and motivation. This session counted with the Photographic and video registration.
participation of two British researchers.
Follow up Identify and visualize a problem about the own First problem definition and first mind map
activity 1 teaching context problem
Session 2 This workshop focused on problem framing: how to | Problem framing and collaboration worksheets,
May 2016 identify problems, frame them and collaborate with | about problems identified by peer participants.
peers in the definition of problems as in the First ideation mental map developed individually
envisioning of possible solutions. and with peer feedback to enrich the process.
Follow up Planning the test activity, define proposal, . )
activity 2 pedagogical objectives and evaluation activity test PRLA ) @l e e
Session 3 Workshop focused on communicating the results of | Questionnaire about understanding of the
June 2016 testing carried out by participants in their specific concept of design and applicability in the field of
school contexts, collaborate with peers and the education on the part of the participants.
research team and reformulate their proposals in Focus group to collect experiences, perceptions,
response to the feedback received. valuations and ideas of the participants about
the transfer of the design thinking model.
Individual worksheets of problem re-framing.
Second ideation map.
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Session 4 Fourth workshop held with the eight selected In-depth interviews with each participant.

August 2016 | participants for detailed follow up. Final problem definition in conjunction with
Each teacher revised their design process in experts.
the course of the workshops and activities Design of specific intervention to implement
carried out earlier. in the particular context of each participant.
In addition, there was dialogue and direct Third ideation map.

collaboration with a mentor of the research
team. Participants reformulated and narrowed
their proposals, and designed the final
intervention in conjunction with their peers
and researchers.

Session 5 Finally in the last workshop, researchers Evaluation registered by means of a survey
October reviewed and explained the intention and and a closure activity.
2016 methodology of the training process to the

teachers.

They presented the preliminary results of the
detailed case studies and projected
collaboratively ideas for future continuity. This
session counted with the participation of one
British researcher. The second British
researcher participated via videoconferencing.

7 Methods of analysis
Based on the dimensions of design thinking, criteria and indicators applied to the training program
(detailed in table 2), the analysis is being conducted using the following approach and methods:

7.1 Problem framing

Problem framing is being systematized by generating an array with all the problems that the
participants developed during the training process using the four dimensions previously mentioned:
manageable, comprehensive, precise, and with potential of solution. The method being used is
content analysis.

7.2 Productive collaboration

Productive collaboration throughout the training program is being analyzed using two data sources;
the worksheets used by the participants and transcriptions of personal interviews. Methods being
used are: Thematic Coding Analysis (Robson, 2016) and the recommended analysis suggested by
Miles and Huberman (1994). These include: coding extracts of written data; labeling them as
examples of relevant topics for the study; identifying similar phrases, patterns, themes,
relationships, sequences, differences and between subgroups. Consistencies found in the data will
be linked to the literature review on professional development, teacher training and design thinking.
Interviews are being analyzed using meaning interpretation (Kvale & Svend, 2008), and transcripts
and observation notes are being grouped together under codes with visualization memos. Patterns
are being grouped according to selected dimensions, criteria and indicators of the design process.

7.3 lIteration

Iteration during the design process of each participant is being mapped as it influenced problem
framing and productive collaboration.

The following images are examples of the worksheets developed by one of the participants and of
the analysis posters being developed by the research team.
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Figure 1 Display of design process by one of the participants.
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Figure 2 Design process analysis by each participant.
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8 Preliminary results

8.1 Multidimensional collaboration format

Collaboration activities constituted a high percentage of the program and, in them, the students
paired with experts, participating in the discussions and moderating, which facilitated a deep
knowledge of them and their problems. Collaboration between peers and with Chilean and British
experts provided teachers with shared reflection, enrichment of ideas, and the incorporation of
other perspectives, pointing to improving their problem-solving strategies. Interdisciplinary and
cultural differences and approaches between researchers contributed to amplify perspectives for
the participants. Teachers valued the possibility of working with colleagues from other schools, the
systematic reflection, feedback, and share experiences and effective practices.

8.2 Useful design thinking tools

In relation to the acquisition of design thinking tools, the training program was able to generate
impact, by providing participants with practical tools to face challenges in their own context, in
terms of improving commitment to learning, and the welfare of their students and results.
Participants used the tools presented in the training in concrete interventions, in their specific
contexts, through planning and teaching strategies they designed. This way, participants understood
the depth of the method as a tool for current and future work, applicable to adapt and meet new
and unexpected challenges.

On the other hand, Chilean researchers acquired the necessary skills to project and expand a future
scaled transfer of the method, with greater scope in a next phase.

8.3 Identification of education areas to transfer design thinking

Feasible opportunity areas to transfer the design thinking method were identified in Chilean schools at different
levels of intervention: curriculum, school atmosphere, and system organization.
8.4 Opportunities to improve future interventions
Although the proportion of cognitive commitment of students was very high, the research team
believes that the systematization of the method and the content was insufficient, particularly in
relation to the design of practical activities.
Improving the systematization of data collection, by using precise monitoring tools to register data
effectively (especially during observation), could enable better understanding of the whole process.

8.5 Future of the project

In the future the team is planning to use the results of this research as a starting point for the design
of an effective, significant, lasting and scalable design thinking transfer model for teachers and
students in Chile and other countries of South America.

The team intends to develop a larger pilot program of longer duration and impact in order to
formalize the program through the design of a specific interface of wide applicability.

In addition, the team aims to design a common but at the same time differentiated program, for
various recipients—teachers, managers and students—in order to meet their specific needs and
requirements. This program would also consider a precise study of the transfer of the method from
educators and administrators to students, with a focus on measuring their impact on students’
learning results.

Developing a program incorporating design thinking in the curriculum of educators within the
schools of education at undergraduate and graduate levels is also relevant in Chilean education.
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South Korean elementary schools mainly focus on increasing students’ proficiency in
subjects related to science and engineering, while early education in design is ignored
entirely. As a result, the concept of design and its value have become unpopular
among the general public. Creative, young students are not exposed to environments
that use design to develop problem solving approaches to improve integrated
creativity. The present study demonstrates the design of a toolkit for teaching
elementary school students the design process. The purpose of the proposed toolkit
is to help students learn the concept of design with in-class problem-solving activities
that can improve integrated creative thinking. We conducted a problem-solving
activity with elementary school students based on the existing creative thinking
models we incorporated in our proposed toolkit. Initially, we found that the proposed
toolkit’s instructions were too complicated for the students to understand the context
of the activity, and the entire process was observed as difficult. Based on our initial
experiment, we revised the toolkit to minimize the difficulties students faced. We
hope that the proposed toolkit will allow students to experience a problem-solving
design process to enhance their integrated creative thinking.

toolkit;, elementary school students; design process; integrated creativity

1 Introduction

Design is conceiving and providing form to artefacts that solve design problems (Ulrich, 2011).
However, the definition of term ‘design’ remains controversial. In most cases, people get confused
when it comes to separating design from art, because design’s aesthetic component is often over-
emphasized. Thus, design is expressed as a field of aesthetic rather than a discipline for analysing
and solving problems creatively (Kim & Kang, 2012). While aesthetic efforts may improve creativity,
they also have the potential to develop biased creative thinking devoid of the essence of integrative
thinking. Actually, creativity is the ability to produce work that is both novel (i.e., original, an
unexpected) and appropriate (i.e., useful, adaptive to task constraints) (Lubart, 1994). This requires
integrative thinking ability, which enables one to not only to produce a novel idea, but to
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appropriately apply the idea. The type of creativity our society really needs would contribute to
society’s development by leading new scientific findings, new movements in art, new inventions,
and new social programs (Sternberg & Lubart, 1999). However, creativity education constrained to a
specific subject can hardly support the type of creativity we need. Design education integrated as a
part of a single subject such as art, cannot teach both the essence of design and creativity.

Typically, South Korean schools teach design-related knowledge in the subjects of art, technology,
and household management. Few teachers have a background in design (Gye- Won and Soo-Bong,
2008). The majority of teachers do not understand the concept of design or the design process,
which has created confusion between design and art. Thus, design is generally regarded as the
process of making something appealing. Design’s problem-solving component, however, a
component that requires interdisciplinary knowledge, is different from art work. Moreover, teaching
fragmented parts of design under the respective names of art, technology, and household
management, results in the failure of genuine design education. Unfortunately, the aforementioned
subjects completely ignore the problem-solving process.

In Korea, practical art is another design-based subject that emphasizes aesthetic effort while
considering more functional aspects such as the field of engineering (Jung Jin, 2008). The problem
with this subject is its lack of explanation about the concept of design.

Subjects of design are taught differently in the elementary schools of the United Kingdom, and South
Korea. United Kingdom elementary schools teach subjects such as ‘Design & Engineering’ and ‘Art &
Design’ in their regular coursework (Yeoun-Suck, 2005). Yet, a majority of countries’ elementary
schools do not provide adequate design education due to a lack of consciousness regarding the
concept and understanding of the importance of design. In fact, early design education is an
interesting subject to many people as it emphasizes creativity in educational curriculum. In South
Korea, however, there is a little understanding about the importance of design education and few
educational contents and textbooks have been developed (Hyun, 2014). This is a big issue as design
plays an integral role in a variety of areas, but the foundations of design education have yet to be
fully developed in the context of early education.

Design education fostering a design approach to thinking is important for children. Design is
generally an analytic and creative process type of thinking which engages an individual in
opportunities to experience, create and shape models, gather feedback, and redesign (Razzouk and
Shute, 2012). As such, designers become capable of assessing the conditions of a given situation, and
quickly adjust their actions according to the set of needs (Stempfle and Badke-Schaube, 2002).
Similarly, design thinking can prepare young students to deal with difficult situations and enable
them to solve complex problems.

In order to bring early design education into schools, there needs to be activities that help teachers
and students alike to understand the concept of design by improving creativity through problem-
solving practice. To this end, we developed a toolkit that helps teachers and young students learn
the concept of design through an in class problem-solving activity. To demonstrate this toolkit’s
efficiency in cultivating knowledge about the design process, and creativity we arranged an
experiment with South Korean elementary school students. Subsequently, we arranged a qualitative
study with the students, which helped us to make revisions to the toolkit accordingly. Our study
shows the development process of the toolkit, which includes important insights from the
experiment, and subsequent interviews with the students and teachers.

2 Creativity in problem solving

When solving a design problem, we begin by collecting information. Questions at this stage include:
‘does information directly related to the design problem help us to produce a creative solution?’
and, ‘would considering the design problem from a different perspective with information irrelevant
to the design problem lead to creative solutions?’ Based on our experience, we believe that
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creativity is relevant as it enables us to view the design problem from a different perspective. We
conducted our study based on this assumption.

Previous research and cases support our assumption. According to Norman and Verganti (2014), the
use of a human-cantered design approach engaging various user research methods to collect
problem-relevant information renders innovation impossible. They argue that human-cantered
design approach produces only incremental innovation, while radical innovation is achieved by
adopting new technology or imposing new meaning to the design process (Norman & Verganti,
2014). Here, new technology and meaning are not directly related to the design problem. This
implies the possibility of producing innovative ideas by applying irrelevant information, rather than
systematically analysed information, to the design problem. A bladeless fan known as the ‘Dyson
fan’, and ‘Juicy Salif’ design by Phillps Starck, serve as representative examples. The former adopted
a scientific principle that had never utilized in electric fans, and the latter is a sculptural product that
imposed a new meaning of an artistic object. Another example can be found in our everyday life. An
innovative invention, known to us as ‘Velcro’, is the brainchild of Swiss engineer Georges de Mestral,
who adapted the clinging phenomenon of burrs to a new invention. (Suddath, 2010). These
examples are very interesting to design researchers investigating creativity methods, because they
demonstrate that creativity is achieved by connecting seemingly irrelevant information to vaguely
defined design problem.

It is not easy to for us to generate a solution immediately confronted with a design problem.
Designers first try to understand the problem based on their knowledge and past experience. Upon
achieving an adequate understanding of the problem, they proceed to build cognitive connections
between the problem and their knowledge; this is called schema (DiMaggio, 1997). When a problem
is complex and/or vague, a designer should spend more time organizing his knowledge around the
problem. He/she tries, as much as possible, to build connections to his own knowledge, effectively
trapping him/her as it reduces creative capability to generate a solution. When fresh information
comes to mind, he suddenly begins to understand the problem in the context of a clear solution. This
phenomenon is called ‘mental reorganization’ led by ‘mode of attack’ (Lawson, 2006).

The way designers practice their work explains these theories well. Designers usually deal with new
design problems because they are always given new design projects. They often gather information
that is not directly related to the design problem in order to generate unique, novel ideas. For
example, when designers design a product, they collect various reference images from variety of
domains regardless of their relevance to the problem. While doing this, they draw out design
elements, features, structure, and so on, to apply to their new design (Baxter, 1995). The designers’
reliance upon information that is not directly related to the problem at hand can be described as
intentional mental reorganization.

Taken together, the manifestation of creativity seems to occur by viewing and interpreting design
problems from different perspectives. Thus, it is worthwhile to test how information, irrelevant to a
design problem, helps children to see the design problem from a new perspective.

3 Research Approach

3.1 Toolkit design framework

South Korean schools typically use a teaching guide document for each subject in an academic term.
These guides contain information about the entire process, specific activities, necessary tools, and
rules for creative activities (Hyung Kyu et al., 2012). We utilized this type of document as a reference
point as we developed our own toolkit. We simplified the main contents of the documents to three
factors per classroom activity. These factors are (a) design process for an activity that provides the
design’s concept, (b) activity per process, and (c) overall activity rules. With these factors in mind,
we first created an education activity process using the IDEO process (Bandyopadhyay et al., 2013)
because it is simple and easy to understand compared to other design processes. To describing the
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activities required by each process, we used creativity theory from the studies of Laxton (1969) and
Lawson (2006) to help students develop fresh ideas during the process. Subsequently, we used
group activity because it is more effective to share cognitive viewpoints in problem-solving activities
compared to individual work (Hanham and McCormick, 2009). Finally, we made rules that apply to
all educational group activities, and decided which activities were required for the following stages:
process, creative way, and whole rule (see Figure 1).
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Figure 1 Blueprint for the Framework

3.1.1 (a) Design Process for activity

In order to teach the concept of design, and create a design process that helps students conduct
their respective term projects, it is crucial to decide which design process to use. Although design
processes differ in practice according to design context, the overall process is very similar. A generic
design process is composed of defining a problem, understanding the user and design space,
ideation, prototyping, and testing (Plattner, Meinel, & Weinberg, 2009). We selected the IDEO
design process model as a framework (see Figure 2) for this study, as it is the basic version of design
process thinking proposed for a general public unfamiliar with design process (Bandyopadhyay et al.,
2013). The process model itself does not give instruction on what should be done in every step.
However, when combined with step-by-step methods and activities, it can be used as an effective
process structure. Indeed, it is well known that IDEO utilizes this process in a systematic approach
(Kelly, 2002). For this reason, our study used the IDEO process model as a basic framework for
children’s educational toolkits.

The IDEO design process model divides the whole design process into three parts: hear, create, and
deliver. ‘Hear’ is defined as discovering problems. ‘Create’ is to solve problems, and ‘deliver’ is to
propose solutions. The problems can be discovered using observation through a series of in-depth
interviews. The problem-solving parts can be initiated using creative methods such as brainstorming,
or even observing activities. Finally, the outcomes are shaped by a prototype containing a final
solution, which can be evaluated later on. In summary, these steps comprised the main process
skeleton for our mini design project for elementary school students.

To recall these phases, simply From IDEO Human Centered Design Toolkit
remember H-C-D.
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Figure 2 IDEO human centred design toolkit. Source: Bandyopadhyay et al., 2013

2676



3.1.2 (b) Activity per process

Activities are crucial to each process. This section describes the activities in each step of the process,
which were adopted by our proposed toolkit. Ulrich (2011) describes the stage of problem finding as
opportunity identification with a charter. At this stage, students must collect multiple problems with
a charter in order to determine the appropriate one. The process of opportunity identification is
divided into three parts: (1) making a charter, (2) finding multiple opportunities, and (3) selection.
There are many methods of finding opportunities including following one’s personal passions,
compiling bug lists, studying individuals, and mining sources (Ulrich, 2011). Considering the
limitations of classroom activity time, we adopted compiling bug lists for our study. In this collection
method, participants find opportunities by listing the troublesome or uncomfortable things they
perceive in everyday life. Consequently, we set a charter ‘to improve the classroom settings’ by
solving the problems perceived by students.

The problem-solving step certainly requires creative thinking. However, most students are unfamiliar
with generating new ideas. In order to overcome this, we implemented Laxton’s hydro-electro
theory (Laxton, 1969), and Lawson’s creative thinking principles (Lawson, 2006). Laxton (1969)
explained that creative ideas come from reservoir of knowledge and experiences. If people are
equipped with an abundance of background information, they are often able to initiate or express
new ideas. Additionally, these people can access the new idea from a generator, and critically
evaluate by means of a transformer. Lawson (2006) describes mental re-organization as a situation
achieved by applying various mental modes of attack. These models represent two critical factors in
creative idea generation: requisite knowledge, and triggering points to re-organize knowledge.
However, when students don’t have enough knowledge to initiate a new idea, they are hardly
capable of generating creative ideas. Thus, in the creativity process, it is critical to determine how to
help students trigger their mental re-organization by filling their knowledge reservoir.

In product design, a design solution direction is usually determined by how the product works
(function concept) and how it looks (style concepts) (Baxter, 1995). In practice, industrial designers
commonly use mood boards to come up with new ideas. In our proposed toolkit, we adopted style
and function cards to fill knowledge reservoirs abundantly, with the assistance of external
information. To apply the concept of ‘mental mode of attack’ to trigger new idea generations, we
employed two methods: taking pictures irrelevant to the problem, and rearranging cards. We
expected that this intervention would stimulate participants to interpret the design problem from a
different perspective.

Finally, we provided a white board for the students to present solutions on. As with the IDEO
process, a 3D prototype was made and evaluated. In this study, we modified this step on the
accounts of time limitations, and the participants’ inexperience in 3D prototyping.

3.1.3 (c) Overall activity rules

In Shepard’s study (1991), the contents of design are classified as aesthetic and symbolic expression,
and practical and functional attributes as well as social and emotional attitude. Social and emotional
attitude content can be linked with the cognitive communication part of the design process. Based
on this assumption, we conducted group activities in which students were able to interact with their
classmates and teachers. Teachers could efficiently manage the activities within the given time, and
present detailed step-by-step activities to the groups. Students were able to share their opinions
easily. It is more effective when the students’ interaction with one another is positive and
constructive (Salonen, Vauras, & Efklides, 2005). Such interaction also relates to teachers when
students are given full attention. Thus, paying attention to students is crucial for conducting
classroom activities. A student who gets a lot of attention feels confident in the classroom activities
(Yeoun-Suck, 2005). Children rarely spend much time considering and evaluating information, and
ideas are often only partially expressed when there is no teacher to direct group activity (Mercer,
1996). Thus, we made rules for the teacher to use in each step. We incorporated rules allowing
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teachers to ask students about their work, and enabled them to concentrate on each student during
the activity.

There have been confounding effects, such as competition between groups, which may have caused
conflicts between students (sub, 2009). We used cooperative learning skills to solve such conflicts,
thus forming neutral groups. Cooperative learning uses small groups, where students work together
to maximize their own learning skills (Johnson, 1992). Therefore, we kept groups to a maximum of
four students.

3.2 The role of instructor in creativity process

The instructor has an important role in creativity process education. First, we must help instructors
gain a better understanding of design. Since most school teachers do not come from a background in
design, they do not have an adequate understanding of it. Accordingly, we added an explanation
about the concept and importance of design to our toolkit’s introduction. It is difficult for children
who are unaccustomed to creative thinking to interpret and solve problems from fresh perspectives
outside of natural, logical viewpoints. Thus, we adopted intentional interruptions using irrelevant
objects to change the course of participants’ natural cognitive process’. The instructor guided the
children to select an object devoid of any logical connection to the problem. After the children
selected an object, the instructor asked them to analyse its characteristics. This helped the children
to acquire new information about the object, and filled their respective knowledge reservoirs with
new information. When they go back to the problem, this new information triggers new
interpretations of the problem, leading to a creative solution. However, it is not easy to connect the
problem to the information acquired from the object. This requires an instructor’s guidance based
on an accurate understanding of the purpose of our experiment. For this experiment, we used cards
to accelerate the process. By exchanging cards or putting a new card on the white board, children
received help generating new ideas. As children played with the cards, the instructor helped them to
initiate creative ideas through new interpretations of the problem. The instructor also managed the
overall process to ensure that children did not get lost in the creative process.

3.3 Components of the Toolkit

The objective of the proposed toolkit is not only to engage students in the activities, but also to help
teachers understand design process. It consists of an instruction manual, and tools. The manual has
three sections: (a) an introduction, (b) components, and (c) activity guide.

3.3.1 (a) Introduction

This section provides the teachers with explanations about the concept of design, design process,
and the toolkit’s purpose. It also provides information about the difference between design and
other subjects, such as art and engineering.

3.3.2 (b) Components

This part includes graphical and object-based explanations regarding the tools, and different types of
cards utilized for analysing the problem and synthesizing solutions. They consist of problem, red,
blue and yellow cards. The kit also includes a camera, white boards, markers, tapes, and scissors that
teacher uses to prepare for the activities.

3.3.3 (c) Activity guide

This part includes an instruction manual that demonstrates detailed activity processes for each step.
It is comprised of four sub-sections: grouping, defining problem, ideation, and explanation. Each sub-
section contains graphics relating to its topic. Precautions are written in red letters. The explanations
of the sub-sections are as follows:
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3.3.4 Grouping
The teacher forms groups with a maximum of four students per group. Teachers are advised to
consider mixing genders in groups to increase opportunities for generating a variety of ideas.

3.3.5 Defining problem

At the beginning, students should identify problems to solve. First, the teacher notes the charter and
asks the students ‘what problems do you observe in the classroom?’ (see Figure 3). Subsequently,
the students write down three different problems on three separate problem cards. To help
students identify problems, the teacher guides students in utilizing the method of compiling bug
lists. In this step, groups of students are encouraged to freely speak about classroom problems. After
that, students put the problem cards on the white board, and select an appropriate problem. Each
student is asked to put stickers on their choices of the three biggest problems. The problem with the
most number of stickers is selected. In this process, students are not allowed to speak out their
opinions. The purpose is to prevent a particular student from influencing the other students’
decisions.
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(The class is boring, | can be hurt by edge of desks, | can’t be bothered with cleaning the classroom)
Figure 3 Writing problems on the problem cards

3.3.6 Ideation

Students are allowed to use any object that is not related to the problem (see Figure 4). Our
intention was to help students interpret the problem from a different perspective, so we allowed
children to select an object freely, regardless of the object’s association to the problem. With this
process, students are able to gain an understanding of how they can solve the problem differently.
Meanwhile, the teacher must encourage the students’ productivity. For example, if students face
difficulties in choosing one, the teacher encourages them to choose any object in the classroom.
Each group is allowed to take a picture of an object, print it out, and put it at the centre of the
whiteboard.

U

Figure 4 Taking pictures of the objects that the students want to transform

Subsequently, each group observes an object and describes its characteristics on blue and red cards
to induce a mental mode of attack. Students write and draw instructions on how to use the object
on red cards, and what it looks like on blue cards (see Figure 5).
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Figure 5 Red and blue cards (left: drag, right: rectangular shape)

Afterwards, students categorize the cards based on contents’ similarity, place them on the white
board, and make connections between each group and a related part of the object (see Figure 6).
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Figure 6 Making connections with groups of cards

In the last stage, students are asked to use the cards to help solve the problem. When they come up
with a new idea, they draw it on a yellow card and put it on the board. Students are encouraged to
move cards freely from one group to another while continuously creating better, more novel
solutions. They also add or remove cards to make room for new objects to solve the problem. New
solutions can be added to the yellow cards (see Figure 7).
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Figure 7 Objects re-arrangement with cards

3.3.7 Explanation

The explanation section allows students to express their complete ideas on ‘how to use’ and ‘how it
looks’. Students use the cards and the links on the board to explain how they solved the problem,
and how their solution works.

3.4 Experimental procedure and qualitative study
Basically, the proposed toolkit was designed to teach the process of creative problem, and solving it
in the context of a classroom activity. If we directly test it in an environment where group dynamics
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are an issue, it would be difficult to observe the effectiveness of the tools and methods we devised.
Thus, in this study, we tested it with an individual activity scenario first, to check if the tools and
methods work properly.

We recruited three local elementary students (one female and two males ages eight to eleven years
of age) for the experiment. Three teachers were assigned, each to a separate student. In order to
control the effect of group dynamics, the experiment was conducted at the homes of respective
participants. The experiment time was one hour, which is basically the length of an average
classroom period.

During the experiment, a charter was shown to the participants with the objective ‘what are the
difficulties in your house life?’ Teachers were given a toolkit containing instructions for the entire
process. The activity was initiated when the teachers fully understood the contents of the activity. At
the end of the activity we collected all materials including pictures of the final outcome. Participants
and teachers were all interviewed about their experiences. The details of the experiment and the
interviews are presented in the following section.

3.4.1 Experiment outcomes
The detail of the final work of each participant is presented in Table 1.
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Table 1 Experiment outcomes and problem identification

Participan | Problem identified Object Red cards/blue cards Solution
t selected
A Trouble with the Table e Study, eat food, Participant A put two
table as it is quite interaction point, rectangular shapes to form
close to the wall people set around, ‘L’ shape to create a free
play the game space.
e Hard, rectangle
shaped, made of
wood, big, yellowish
B Sneakers/heel drag | Sneakers e Notice the size of Participant B failed to
foot draw or express the
solution
e Easyto betorn,
protection of foot,
prevent heel drag
when walking on a
sharp surface
e  Round, long, strings,
bunch of holes
C Making a home for | Container e  Maintain insect Participant C made a
Beetles and Larva breathing, outside partition with a hard
view rectangle with holes
e  Rectangle, hard, no
colour, cover, holes

Graphical representation of the problems and solutions proposed by participants A and B are shown
in Figure 8 below as examples.

Participant A

Figure 8 Examples of final outcomes

Participant B

3.4.2 Subsequent Interviews and comments
To explore improvement points of the toolkit and the activity, we conducted interviews consisting of
three questions with the teachers and the students. The interview data was transcribed and

analysed qualitatively. The responses of each question and the insights are summarized below:

Question 1: Do you think the activity performed by the students help improve their creative skills?

The interviewees were positive about the activity. They agreed that such activities would be
beneficial in a classroom setting to help students improve their creativity. They agreed that the
approach is interesting and could also help the students who are always silent and isolated in the
classroom. They believed that the group activities would be interesting for students.
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Question 2: What is your personal opinion about design education and what design deals with?

They noticed that design may solve latent or complex problems. They added that design education is
needed in school, and that education material should be simple and doable since students are not
fully exposed to the outside world.

Question 3: Have you faced any difficulties to run the activity and the instructions presented in the
guide?

The interviewees found that the process of ideation is complicated. Two of them stated that they
didn’t fully understand why they were asked to choose objects that were not related to problem
settings. An interviewee’s notes:

‘Ideation in the design process is too complicated. | didn’t understand how | could make
a new object with the features of the object that was previously shown’.

We interviewed the students about the activity, and the difficulties they faced throughout.
Participant B stated that he was not able to concentrate on the activity for long. Others found
difficulties using different tools. For example, when they were asked to use the two types of cards
(red and blue) to write ‘how to use’ and ‘how it looks’, they couldn’t easily figure out which card
they should use. Moreover, we found that they had difficulties in understanding how to apply the
red and blue cards to the features of an object to create something new. For example, the purpose
of one activity was to change the cards freely in order to come up with new ideas for replacing its
existing functions and features. We demonstrated how to replace features by adding or removing
the cards by drawing replaceable features such as wheels in place of legs of a chair. However, they
didn’t follow the process, and tried to find solution directly instead. It seems that first, the process
was complicated, and second, students jumped to the solution drawing step directly, without taking
time to complete the process. They also faced difficulties when finding an object to solve the
problem. They chose the object as the direct cause of the problem, which could not be used as a
triggering effect as we had aimed. This is because they did not fully understand how to choose the
object they had to use for solving the problem.

After analysing the students’ final work, we noticed that the teachers’ role is crucial, as it affects the
students’ ability to understand the instruction. Therefore, teachers should have sufficient knowledge
about the design process. We revised the toolkit based on information observed during the activity,
and subsequent interviews. These revisions are as follows:

e Instructors did not understand why students are told to pick an object which seems to have
no rational relationship to the problem. Also, they had difficulties understanding the reason
for writing/drawing an object’s features. From these points, we can determine that the
supplementary explanations for each step of the process were not sufficient.

e Compared to demonstration, written instruction has a limited capacity of demonstrating
activities and their flow.

e The design process takes a long time, so this toolkit cannot be used for short classes. This
causes decreasing the level of concentration as time goes on.

e There are too many functional cards for each process, which makes it difficult for students to
remember how to correctly use the cards in the activity.

e [tis difficult for students to come up with an idea that changes parts by applying feature and
function analysis with red and blue cards.

e The step to find an object for solving the problem cannot be used a triggering point because
students tried to select one directly related to the problem.
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3.5 Revised toolkit

The toolkit was revised by adding the purpose of each step to the role of the specific activities. This
will enable instructors to better understand the flow of the activity. A tutorial video was also added
to supplement written instructions.

In the revised toolkit, we minimized ideation steps by removing the components of taking photos
and analysing an object’s features. We also reduced the types of cards and changed the cards’
function from analysing features to generating ideas. We removed the step of analysing an object’s
features, and added a variety of ways to transform an object to help children create solutions from
unexpected objects. In this experiment, children selected an object related to the problem. As a
result, children failed to view the problem from a new perspective. Thus, in the new version of the
toolkit, we intentionally guide the children to select objects that are irrelevant to the problem. Thus,
children are forced to view the problem with knowledge acquired by analysing the object. This
breaks children’s natural cognitive process, leading them to make connections between the
irrelevant information and the problem. We expect that through this process, children will
experience mental reorganization. Therefore, we fixed the objects so that participants have little
freedom to choose an object that is relevant to the problem.

3.5.1 Components of the revised toolkit

The guide was also re-designed for the revised toolkit (see Figure 9). The first part shows the
purpose of design and individual activity. The second part includes defining the problem, and the
third demonstrates the ideation step. The final part shows an explanatory step and precautions.

In the defining problem section, students are instructed to write classroom problems on the
problem cards as shown on the left side of Figure 9. The defining rule is that students should write
the problems down in the form of ‘when/what/who, and the status'. Subsequently, students should
collect cards from all group members, and choose the best one. There are four sticker sets with
three stickers in each. Each member of the group is told to vote on problem cards according to their
preference. In the ideation section, students are told to choose one or more objects of four
classroom objects: a desk, a rag, a blackboard, and a locker (see Figure 9 on left below), and put
them on the whiteboard.

In the beginning of the ideation section, the teachers instruct students about activities such as
“transform an object’ and ‘remake version’ so that students can freely think about the required
solutions. Students are instructed to use scissors and cards to add new functions to an object, or
erase its existing functions respectively. Students alter an object’s form spontaneously with
transparent and white cards. For example, if a student wants to add an additional feature to the
object, they can draw it on a transparent card and place it over the object. White cards are used to
modify an object’s features by adding and erasing.

In the explanation section, every group should explain the solution.
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Figure 9 Components of revised toolkit
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The revised toolbox with a card set including white, transparent and problem cards is shown in

Figure 10.

Figure 10 Revised toolbox for activity
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Based on our initial analysis, and the insights from subsequent interviews, we defined the following
rules for our revised toolkit:

e Agroup should consist of 3 to 4 students.

e Inthe ideation step, students should not intervene in each other’s’ activities.

e Teachers should provide questions leading students to develop their ideas but should not
give the exact solution. For example, ‘How do we solve the problem if we cannot use the
way you assumed?’

e Praise the students’ ideas to increase confidence levels.

e Sequential voting is banned because students may easily consider or adopt their colleagues’
work.

e Negative wording such as, ‘Your idea is not doable’, should not be used in the comments.

e Teachers should walk around class for the entirety of the activity and talk to students about
their thoughts.

4 Discussion and Conclusions

South Korean schools mainly focus on increasing students’ skills in traditional subjects related to
science and engineering, while early design education is mostly ignored. Accordingly, the concept of
design and its value have become unpopular. Moreover, young, creative students are not exposed to
design thinking, which has the potential to improve creativity and problem-solving skills.
Consequently, future students may find dealing with complex situations to be difficult. Therefore,
design education is essential for students in their earliest years of education.

South Korean schools have started to focus on early design education. They teach various methods
of invention with examples (Jung Jin, 2008) and demonstrate how to come up with new ideas
instead of simply connecting or analysing the problem they intend to solve. However, these
approaches are still limited tools that focus on and support integrated creative thinking. With this
firmly in mind, we have designed a toolkit for teaching the design thinking process, and concept of
design. We developed a tool based on the IDEO design thought process consisting of three steps:
discovering problems, making solutions, and presenting and evaluation. To design the activities for
creating solutions, we utilized the creative thinking theories from the studies of Lawson (2006) and
Laxton (1969). These models demonstrate the need for abundant background knowledge combined
with triggering factors to come up with new ideas. In addition, we adopted group activity as a rule in
our proposed toolkit as communication throughout the design process is important to the
development of a better design education.

The main parts of our proposed toolkit consist of an instruction manual and tools. Red, blue, yellow,
and problem cards were used as tools. During the activity, students define a particular problem by
using the problem card. They select an object from the classroom, transforming it to solve a problem
they identified. In the next step, students use blue and yellow cards to analyse features of the
selected object, which serves as the solution’s triggering effect. At the end of the transformation,
students explain their final work on the whiteboard. During the experiment, and subsequent
interviews with the students and teachers, we found that students had difficulty understanding the
instructions; the process was too complicated for the students. Therefore, we revised our toolkit to
minimize the difficulties the students faced. We added a tutorial video that demonstrated details of
process to the students. We modified an activity to the problem-solving section’s main activity,
where the students select an object. In the revised toolkit, we provide four classroom objects: a
desk, a rag, a blackboard, and a locker. Moreover, we minimized the number of cards, and created a
new activity in which students use scissors and cards, to transform an object by adding new
functions, or erasing the object’s existing functions with the figure. At the end, students present
their solutions.
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This is a preliminary study to propose a method of helping children’s’ creativity processes, based on
the assumption that new interpretations triggered by irrelevant information to a design problem
lead to a process of creative problem solving. Although the revised toolkit was not tested, we hope
that it will allow elementary school students to experience the design process for solving problems
around them, thereby enhancing their creativity. Moreover, the proposed toolkit could also be
helpful for creative middle school, and high school students to utilize design thinking as a
foundation. However, these hopes could be more convincing if the proposed toolkit is deployed on
an appropriate sample of students in school group settings, and its effectiveness is confirmed.
Future study should continue to investigate the effectiveness of the proposed toolkit on students in
the classroom of an appropriate sample size. A deeper study on cognitive issues surrounding
learning process, and pedagogical approaches is also required.
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The use of information and communication technology (ICT) in the Art and crafts
subject in general education in Norway is examined through a survey and qualitative
interviews with teachers. Both the survey and the interviews reveal that teachers
prioritise traditional crafts over ICT. Several teachers view youngsters as digital natives
who will master the digital tools anyway, while they fear that material knowledge,
motor skills and craftsmanship will be lost. The writings of Vetlesen (2015) and Sennett
(2008) on the relationship between craft and technology are used to shed light on the
teachers’ priorities. The term digital natives is discussed against Nordkvelle and
Fritze’s term medialized, which suggests that mastery of ICT does not apply to a whole
generation. This leads to the conclusion that the Art and crafts subject should include
both ICT and craft. In this article, we introduce practical studio work that combines
crafts and digital tools, and we discuss if such a combination can meet future
challenges in the education of youngsters.

ICT, craft, art and crafts education, design

1 Introduction

Digital tools and crafts are often viewed as contradictions in general design education in primary and
lower secondary schools. A growing number of schools and municipalities in Norway have a priority
focus on information and communication technology (ICT), where digital tools shall be implemented
in all subjects at all levels. In some of these schools the pupils get their own iPad already as six-year
olds. Due to the traditional crafts’ prominent position in the Art and crafts subject, a priority focus
on ICT may not affect this subject.

In this paper, we present three assignments for use in the Art and crafts subject, aiming at building a
bridge between these contradictions. A study of how digital tools are used in Norwegian primary and
lower secondary schools, with pupils in the age range 6 to 16 — both schools with and without a
digital focus — and what the teachers report about their priorities between ICT and craft is also
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presented. We discuss how the presented assignments may accommodate some of the challenges
identified in the study.

2 Building a bridge between digital tools and crafts: Assignments for use in

the Art and crafts subject
Artistic research has been used in developing assignments to be used in the Art and crafts subject.
We build upon artistic research as a method for research through artistic work. This method may
include both theory and practice (Berg, 2014, pp. 22—-23). Similar terms used are research by design
(Sevaldson, 2010) and research through art and design (Frayling, 1994, p. 5).

In this study, different ideas and solutions for assignments were tried and evaluated in a reflective,
artistic practice. The projects most suitable for educational purposes, which allow the youngsters to
develop their knowledge of traditional crafts and physical materials, as well as their digital skills,
were chosen for discussion in this paper.

2.1 Making a digital collage from drawings and paintings

This project started out with an exploration of artistic mediums, in this case, aquarelle, acrylic paint
and crushed charcoal mixed with water. It is therefore suitable as an introduction to these artistic
mediums. The work was then digitalised and put together in photo editing software, such as GNU
Image Manipulation Program (GIMP) or Adobe Photoshop.

The artistic mediums were applied to different surfaces, such as canvas and smooth and rough
paper, to make different-sized paint samples, as shown in Figure 1. The youngsters learn how the
paint behaves with different amounts of added water, observe how the different pigments in
aquarelle paint blend into each other and how the different surfaces affect the overall appearance.
It is also possible to sprinkle salt over the wet aquarelle paint to observe its effect.

To create figurative images, it is possible to combine these paint samples with drawings or sketches.
A scanner was used to digitalise the paint samples and drawings. Scanned with a high resolution,
even quite small paint samples, such as 5 x 7 cm, can be used in larger digital images. If a scanner is
not available, it is possible to photograph the samples and drawings.

In the photo editing software, the youngsters are introduced to basic tools and features, such as
marquee tools, layers and masks. The scanned paint samples were inserted into separate layers over
a neutral background. If working with circles or squares, the software usually has marquee tools in
those shapes. The students simply choose an interesting area of the paint sample, select it with the
marquee tool and either use masks or the eraser tool to remove the rest from that layer. For
different shapes, they draw each shape on a separate layer and use it to make a selection. This is
shown in Figure 1.

Figure 1 Left: Paint samples. Right: Screenshot of using a triangular shape to make a marquee.
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Drawings can be used in a similar manner to cut out pieces from the paint samples. The students use
a marquee tool suitable for selecting an irregular shape or area, such as the magic wand tool or
quick selection tool, and select a particular area of the drawing. They use that selection to mask out
or erase the parts of the paint sample layer outside this area. They can keep only the lines from the
drawing layer by marking and erasing the paper parts or use blending modes that subtract the light
parts of the layer. They should feel free to experiment with blending modes on the other layers as
well, to create new and exciting effects. Figure 2 show two finished products from such a process.

Figure 2 Left: Digital collage assembled from paint samples cut in triangular shapes. Right: Digital collage assembled from a
drawing and a paint sample.

2.2 From photo to cross-stitch embroidery

This project emphasises the craft part, but the digital work is essential to get started, as this is where
the pattern for the cross-stitch is made.

The students use a photo of their own choice, preferably one with a simple motif. They should
ensure that the photo is not protected by copyright and that they can freely do their own work
based on it. To make a clean and simple cross-stitch pattern, some of the details should be edited
out, and the number of colours reduced in a photo editing software of their choice, such as GIMP or
Photoshop. If the image size is very large, it should be reduced to less than 1 MB.

Once the picture is ready, it is simply uploaded on the free web application KnitPro by Microrevolt.
This translates the image into patterns for knitting, crocheting or cross-stitch embroidery. A cross-
stitch pattern, as well as a finished embroidery, is shown in Figure 3. While uploading, the students
must select which kind of pattern they want (in this case, cross-stitch) and choose among three
sizes. It is worth noting that all three sizes are quite large for beginners. It is possible to cut the
pattern into smaller pieces and divide them among the youngsters, so that each of them makes one
segment, all of which are later assembled into a larger picture.

KnitPro generates a cross-stitch pattern based on a photo. Even though the photo has a reduced
number of colours, the pattern may contain more colours. It may therefore be necessary to tweak
the pattern while embroidering in order to decrease the number of colours and not overcomplicate
the work.
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Figure 3 Left: Cross-stitch pattern generated, using KnitPro by Microrevolt. Right: Finished cross-stitch embroidery.

2.3 Using SketchUp to plan a gingerbread house and wooden chess pieces
SketchUp is a suitable tool for sketching and planning three-dimensional (3D) work, as it allows users
to gain an understanding of proportions, rotate the model to look at it from different angles and
work with real-world dimensions. In the planning of gingerbread houses, they are first modelled in
three dimensions and then cut into individual pieces to make the stencils used in cutting the dough.
This turns the sketches into useful tools in the process. Outside of the holiday season, the houses
can be built of cardboard or similar materials. When designing chess pieces, the software helps the
students see how each piece looks and evaluate how all pieces work together.

The gingerbread houses can be designed in an intuitive manner. A simple house is first built in the
shape of a rectangle, which is then pulled up to form a cuboid. A line drawn across the top of the
cuboid forms the ridge of a gable roof when pulled farther up. In just four steps, a shape resembling
a house is created. Such a house is shown in Figure 4. Using the line, rectangle and circle tools, it is
possible to add or subtract parts of the model, for instance, adding a chimney or cutting window
holes. If a rectangle is drawn on a wall, it is possible to use the push/pull tool to create a different
shape. It is interesting to experiment with different architectural styles and building types, such as
building a small village with small and large houses and a church. As the houses will later be made of
gingerbread, the project does not call for a realistic representation or richness in detail. To make the
stencils, each piece is selected, copied and rotated to face the same plane, as shown in Figure 4. This
operation will challenge the youngsters’ understanding of the software’s three dimensions and will
develop their navigating skills. By using the text tool, the pieces can be marked to keep track of
them. Before printing the stencils, the students set the camera to show the pieces in parallel
projection so that the measurements are not distorted by the perspective. The pieces are then
exported as jpg files, printed and used as stencils to cut the gingerbread dough.

Figure 4 Left: Screenshot from SketchUp, constructing a simple house. Right: Screenshot from SketchUp, making stencils for
cutting the gingerbread dough.

2692



Designing chess pieces in SketchUp gives the students the advantage of seeing each piece’s
proportions and appearance, as well as how well the pieces work together when placed on the chess
board. A full set, as shown in SketchUp, is shown in Figure 5, along with three pieces carved out in
wood. One negative aspect of using SketchUp is that the students’ knowledge of the software or the
software’s possibilities may restrict their creative outlet. Nonetheless, as the pieces will later be
carved out in wood, a simpler design may be better. When the pieces are designed, the youngsters
can make blueprints in SketchUp by exporting images of the parallel projected pieces, as seen from
the top, bottom and sides.

%

)

Figure 5 Left: 3D model of a chess board with a set of chess pieces, exported from SketchUp. Right: Chess pieces carved in
wood.

3 Methodology
A mixed-methods approach was used in this study, including a survey and five qualitative interviews.
The selection of participants and execution of the study are presented below.

3.1 Survey

Randomly selected Art and crafts teachers participated in the survey; the participants are called
respondents in this paper. The respondents were chosen through a random draw in Norwegian
public schools, both at the primary and the lower secondary levels, with pupils in the age range 6 to
16. The selected schools were contacted and asked to reply with the contact information of their Art
and crafts teachers. The survey was sent by email to 168 teachers whose information was provided
by the schools; 82 teachers responded, equivalent to a response rate of 48.8%.

The survey was a digital questionnaire consisting of 10 questions of different types. The respondents
were asked to rate how much they agreed with different statements, answer multiple-choice
guestions and finally, write comments about their positive and negative views on the use of ICT in
the subject in a text box.

3.2 Qualitative interviews

The interviewed teachers are called informants. The informants were strategically selected and
divided into two groups. The first group consisted of three teachers working in schools or
municipalities with priority focus on ICT, and they were assigned the code GriTeacher(X). The
second group comprised teachers working in schools or municipalities without such a focus, who
received the code Gr2Teacher(X). The informants in group 1 were chosen through a search for
schools with a publicly known priority focus on ICT. The schools were contacted and asked to
provide a list of Art and crafts teachers who were willing to be interviewed. The second group was
recruited through the survey. A question about whether the respondents’ school leaders required
the use of ICT was used to identify the relevant informants. Less than 10% gave a negative answer to
this question, so the respondents who also answered “partly”, combined with little to average use of
ICT, were considered relevant. Two of the contacted respondents agreed to be interviewed. All five
informants were well educated and highly qualified to teach the subject. They had between five and
thirty years of experience as Art and crafts teachers and worked at primary or lower secondary levels
in public schools.
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The interviews were semi-structured and lasted between 30 and 60 minutes. The contents of the
interviews somewhat varied. However, the main topic was how the teachers used digital tools in
their classes, as well as which factors, such as access to equipment and their own digital
competence, and which parts of the subject they wished to prioritise, might explain their use.

4 What does teachers express about digital tools in Art and crafts?

4.1 How are digital tools used in Art and crafts?

In the survey, the respondents were asked to rate how often their pupils used different digital tools
or software and how often they worked on different tasks in class. None of the respondents
answered that they used any of the given tools or software in all or almost all classes. The most
widely used tools were software for text treatment and presentations, such as Microsoft Word and
PowerPoint, and internet search engines. Additionally, the most common tasks were internet
searches and working with text documents. These are common tasks that can be used in most
projects, so it would only be natural that they were the most prevalent. As much as 30% of the
respondents answered that their students never used subject-specific software, such as Adobe
Photoshop, GIMP, VideoPad and SketchUp, for digital drawing, photo or video editing or 3D
modelling, as shown in Figure 6.

Use of subject-specific software

0 10 20 30 40 50 60 70

In most or all classes In several classes In some classes  H Never

Figure 6 Diagram showing the respondents’ rating of how often subject-specific tools were used in class. Approximately
30% answered that their pupils had never used subject-specific software, while 62% had used it in some classes. None
answered “in most or all classes”.

In the last survey question in the open field, many respondents praised the easy access to inspiration
and information provided by internet search engines. Almost as many wrote about great
experiences working with photo editing, animation and so on.

The interviews told the same story. Two of the informants, GriTeacherA and Gr2TeacherA, only let
their pupils use digital tools for making presentations, writing texts and searching for inspiration or
information. The other three, although some were limited by the lack of software, also taught
subject-specific use of ICT. Their pupils worked on tasks, such as animation, 3D modelling, mobile
photography and photo editing, often combined with traditional techniques, such as drawing or
woodwork.

4.2 Teachers prioritise traditional crafts and experience with materials over ICT
The main aim of this study was to find explanations for teachers’ use of digital tools. Limited access
to relevant equipment and insufficient digital competence were both cited as explanations for the
lack of ICT use, but the most important factor might be the teachers’ prioritisation of traditional
crafts and opportunities for the youngsters to gain experience with materials. Many of the
informants reported that the Art and crafts subject was not allotted enough time to fulfil the
demands of the curriculum; thus, they needed to prioritise some parts of the subject over others.
There seemed to be the perception that crafts constituted the subject’s core element. As
GrlTeacherA expressed in the interview, “[...] | think, in a way, that the main task as an Art and crafts
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teacher is to teach them [the youngsters] some craft, whether it’s sewing or drawing or ...”. A similar
view is illustrated in the following response from the survey:

Art and crafts is first and foremost a practical subject. ICT is used a lot in all subjects. In

the Art and crafts subject, | want to focus on the practical, to teach techniques and

practical designs. | use the digital format a lot for the presentation of finished products

and in the process of sketching. Otherwise | do not wish to spend time on a computer;

rather | want to create and make physical products. (Respondent #50)
GrlTeacherA worked in a school where all pupils received their own iPads upon starting school at
age six. The iPads were used in all subjects, and GriTeacherA reported that if a teacher did not want
to use this tool, he or she ought to find another place to work. Although everyone was required to
use the iPad, GriTeacherA clearly stated that she used it as little as possible in Art and crafts;
instead, she put a lot of emphasis on crafts. In the interview, she admitted that this could be a
reaction to the school’s digital focus.

They [the youngsters] get a lot of knowledge about digital tools.. all sorts of digital tools

really, but what they have less knowledge of, is how to use their hands. It’s a lot of touch

system and using your index finger to navigate, but somehow.. fine motor skills are very

under-stimulated. (GriTeacherA)
Gr2TeacherA showed a similar attitude towards ICT and crafts. With about 30 years of teaching
experience, she claimed to have observed a decline in the youngsters’ practical skills. She no longer
expected them to have basic skills, such as cutting with scissors and threading needles, and felt the
need to prioritise the training of practical skills through crafts. She also expressed the opinion that
ICT should not be the focus in Art and crafts: “(...) it is supposed to be a practical subject, and | think
that it isn’t the use of computers that should be the most important”.
Many of the respondents and the informants had a positive attitude towards ICT and made use of
digital tools in a wide range of ways. However, it appeared that many of them valued the craft part
of the subject most highly, as shown in the following comment from the survey: “(...) But it [ICT] can
never replace the value and importance of using tools and materials”. Another respondent
emphasised the importance of the tactile dimension of working with materials. “What can be
negative [about using ICT] is the eventual lack of direct tactile experience of materials in different
processes. An understanding of the material and physical world in Art and crafts is still significant
and important”.
A more positive attitude towards ICT was apparent in the interview with GrlTeacherC. Her pupils
had worked with photography, photo and video editing, digital drawing and 3D-modeling, but she
also had reservations concerning too much ICT in Art and crafts:

I have to tell you that | put extra weight on the use of practical materials and tools, so

really, we are a bit sceptical about using it [ICT] too much. Now, we see that if we use

digital tools more, we are afraid of being assigned larger groups of pupils. But we have

really good teacher competence, studios and tools here, both for woodwork, sewing,

ceramics and everything like that, so it is important for us to work most with that. {...)

But it is a supplement to do it [work on ICT] a little, but definitely not too much, I think. It

can be too easy to just take out the iPad and do something fun there. It is really

important to maintain the quality of materials, knowledge about tools and using pencil

and paint and all that. It is really important. (GriTeacherC)
Again, traditional craft and working with materials were valued the most, while working on an iPad
was mentioned as something easy and fun. It is also noteworthy that GrlTeacherC was reluctant to
use digital tools more for fear of being assigned larger groups of pupils or losing her well-equipped
studio, due to economic cuts. Although she also regarded ICT as an important part of Art and crafts,
her prioritising of crafts was also apparent. Based on this, the potential changes mentioned above
would be detrimental to the subject.
In the survey, the respondents were asked to rate how much they agreed with the following
statements: “In my classes, | put weight on ICT”, and “I prioritize traditional craft and materials over

2695



ICT in my classes”. The responses clearly showed that many of the respondents prioritised traditional
crafts and materials, while quite few put weight on ICT. For both statements, about a quarter of the
respondents placed their responses in the middle of the scale, but most of them seemed to have
clear opinions on these matters. Figure 7 shows the respondents’ answers.
In the open field at the end of the survey, many of the respondents chose to express their views on
the relationship between crafts and ICT. Some of these comments are quoted in the preceding
paragraphs, while others are cited in the following ones.
The curriculum implemented in 2006 included a prominent position for ICT. Digital skills are
regarded as one of the five basic skills that should be incorporated into all subjects to develop
youngsters’ abilities. This might be the reason why some of the respondents reported that ICT was
taking over their teaching curriculum at the expense of more traditional techniques, as shown in the
following comments from the survey:

“Find it unfortunate that the focus on practical craft disappears; everything drowns in

the digital.”

“[ICT] may “steal” too much of the time and the craft part will be compromised.”

“I don’t see a lot of negative sides if it [ICT] is used with sense. It must not take over for

the craft where you work with your hands.”
In these quotations, it is possible to recognise the fear of ICT dominating Art and crafts, pushing out
the crafts. In the interviews, GrlTeacherA and Gr2TeacherA expressed worries about the neglect of
youngsters’ practical and motor skills. Craft still occupies a prominent place in the curriculum, but
many youngsters spend a large part of their spare time on computers and other digital tools.
GrlTeacherA did not consider it necessary to spend time in school on teaching the youngsters about
this.

Well, | think that everyone now has so many digital things at home, at least | see my

children spending time with this, taking pictures, manipulating them and doing so much

with these pictures, adding filters and.. it’s not necessary to teach them because they

know how to do it. (Gr1TeacherA)
GrlTeacherA expressed her view on the youngsters as “digital natives” who would master ICT
anyway; as a result, she was comfortable with her priority of crafts.

"In my classes | put weight on ICT"

"I prioritize traditional craft and materials
over ICT"

o

10 20 30 40 50

m Agree fully Agree somewhat Either disagree or agree M Disagree somewhat M Disagree fully

Figure 7 Diagram showing the distribution of the respondents’ answers, rating how much they prioritised ICT and crafts in
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their Art and crafts classes. Around 12% reported that they agreed fully or agreed somewhat with the first statement, “In
my classes, | put weight on ICT”, while 61% disagreed somewhat or fully. The second statement, “l prioritize traditional craft
and materials over ICT”, received opposite responses; 57% agreed fully or somewhat, and nearly 17% disagreed fully or
somewhat.

5 Combining ICT and craft in perspective
The study showed that many teachers prioritised craft and teaching youngsters to work with their
hands and materials over ICT. This preference was justified through their observation that
youngsters lacked motor and practical skills, while they might be able to acquire digital skills on their
own. The teachers also seemed to place the highest value on the craft aspect, perceiving that
teaching such skills is the Art and crafts teacher’s most important task. To understand these findings,
they are discussed in relation to Arne Johan Vetlesen’s (2015) and Richard Sennett’s (2008) writings
on the relationship between technology and craft. Marc Prensky’s (2001) and Yngve Troye
Nordkvelle and Yvonne Fritze’s (2015) articles about digital natives are also discussed.
According to Vetlesen, technology allows for less physical and sensuous experiences with the
surrounding world, as sight is favoured over hearing, smelling and touch (Vetlesen, 2015, p. 167).
Much content in the Art and crafts classes stimulate all four of these senses. Youngsters hear the
difference when knocking on wet and dry ceramics, smell various types of wood and touch different
types of yarn, while sight is prioritised in all parts of the subject. The lack of physical and sensuous
experiences from ICT may explain the teachers’ fear of losing the crafts part of the subject.
Sennett’s (2008) broad definition of crafts includes musicians, glass blowers, scientists in a
laboratory, architects, Linux programmers and weavers. His definition therefore exceeds the limits of
the Art and crafts subject and does not distinguish between work with materials and digital work.
For Sennett, craftsmanship is about the wish to do good work for its own sake (Sennett, 2008, p. 20).
However, Sennett still warns against replacing experience with the physical world with digital
simulation when he writes about architects using 3D modelling or computer-aided design (CAD). By
using only digital tools in planning instead of spending time on the location, making sketches and
drawings by hand, the architect loses an understanding of materials, proportions and other physical
properties. Without such understanding, critical design problems may emerge (Sennett, 2008, pp.
39-45). Some of the dangers here relate to the quick calculations of digital simulations, while
drawing each brick in a building takes a long time. Several times in the book, Sennett emphasises the
slowness of craft, both in gaining skills and working with single products, as important. Time allows
for reflection and creativity. Quick solutions, such as digital simulation, do not provide the craftsman
enough time to reflect on his or her choices (Sennett, 2008, p. 295), and the final product may
exhibit flaws that should have been discovered earlier in the process.
In Sennett’s warnings against digital simulation, there is also a valuation of physical, sensuous
experiences with materials and places. Vetlesen has written more on technology replacing these
experiences with the surrounding world, comparing the traditional felling of trees with the use of a
modern forestry vehicle, a discussion inspired by encountering such a vehicle. The forestry vehicle is
operated by pushing the right keys while looking at a screen, in a similar manner to writing text,
although the task is completely different. The operator’s main attention is oriented towards the
screen, with occasional glimpses at the tree to ensure that the process is going well. This process is
in huge contrast to the traditional felling of trees, where the carpenter physically engages with the
trees, using his or her senses and handling the different obstacles at hand. In the forestry vehicle,
every tree feels the same, making a single tree an almost abstract entity that is not experienced in a
physical or sensuous way. The machine stands between the man and the tree — subject and object —
making the direct contact between them superfluous (Vetlesen, 2015, pp. 147-149).

The change that interests me is not primarily a matter of man’s relating to the tree

being mediated by a machine (computer) that literally is an in-between between subject

and object. Rather, and more profoundly, it is a matter of the subject-outer reality

relationship — a two-way affair, as we saw — being replaced by a man-machine

(technology) one. (Vetlesen, 2015, pp. 148—-149)
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Vetlesen explains a phenomenon that may be difficult to express in words. Based on this study, it is
apparent that experience with materials is highly valued among Art and crafts teachers. However,
none of the participants in this study justified why this was the case; rather, they simply stated that
it was extremely important. Accepting Vetlesen’s assertion about the use of technology leading to
abstraction makes it easier to understand the fear of ICT taking over art and crafts, thereby
compromising the crafts component.
Sennett traces the line of crafts backwards, including the 19*" century’s emerging machine culture.
Against the machine’s perfection, the craftsman became a symbol of human individuality, directing
attention towards variations and small mistakes in the products (Sennett, 2008, p. 84). In the
Victorian age, there was a growing concern that the large number of identical objects could dull the
senses. The identical, perfect, mass-produced products did not invite a personal relationship
(Sennett, 2008, p. 109). Over a century later, after the digital revolution, these thoughts are still
relevant. In this study, we encountered the perception that digital artworks were less personal.
Gr2TeacherA called this a negative aspect of the use of ICT in Art and crafts.

It can be very impersonal, | think. A bit artificial. Lifeless. If you are making stuff on the

computer. And it is very, like.. things can look very alike. I’'m thinking about a personal

expression, that is something | find very important. (Gr2TeacherA)
Personal expression is highly regarded, along with craft skills, by Art and crafts teachers in their
evaluation of the youngsters’ work (Lutnaes, 2011, p. iii). One may consider whether Gr2TeacherA’s
statement about digital drawings being impersonal is indeed true, but it justifies her lower priority of
the digital aspect of Art and crafts.
GrlTeacherA expressed the opinion that it was not necessary to teach youngsters about ICT because
they could learn it on their own. This can be linked to the term “digital natives” coined by Prensky
(2001). According to Prensky, children born after the digital revolution think and process information
differently from the older generation — called “digital immigrants” — because they have spent their
lives surrounded by digital tools and media. The digital natives are accustomed to rapid information
processing and multitasking; they prefer pictures and graphics over text and favour games over
“serious” work. In contrast, the “immigrants” may adapt to the digital community, but they will
always be revealed by their “accent”, an outdated, pre-digital language (Prensky, 2001, pp. 1-2).
In their article “Digital immigrants or just medialized”, Nordkvelle and Fritze (2015) present
arguments against the term “digital natives”; instead, they propose the term “medialized”. While
“digital natives” refer to a certain generation, “medialization” describes how much a person’s life is
affected by technology and media (Nordkvelle & Fritze, 2015, p. 71), thus transcending generations.
Although most Norwegian youngsters have access to some digital technologies, according to the
studies discussed in Nordkvelle and Fritze’s article, differences related to gender, social class and
interests affect their digital skills (Nordkvelle & Fritze, 2015, p. 68). Based on these findings, claiming
that youngsters will automatically master ICT seems too easy. Thus, schools need to train all
youngsters in some basic digital skills to bridge a potential knowledge gap. If a school focuses on ICT,
all subjects should be included and pull the load. Crafts occupy a special place in Art and crafts, but
that does not mean that the former should be the only part of the subject. To ensure that
youngsters develop the digital skills necessary for the 21 century, along with sufficient practical and
motor skills, teachers should find a way to include both ICT and craft in the subject.
The three assignments for use in the Art and crafts subject presented in the start of this article can
all be viewed as possible solutions for combining ICT with craft. Cross-stitch embroidery and
woodwork develop the youngsters’ motor skills and they learn basic skills such as threading needles
and handling knives, as well as give them experience in working with soft and hard materials.
Building a house made of gingerbread or cardboard trains their practical skills when assembling flat
pieces to create a three-dimensional structure. Working with the paint samples for the digital
collages provides experience and knowledge about different types of paint on various surfaces,
which will offer a solid foundation for further work on paintings. These are all common tasks
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mentioned in the Norwegian curriculum and used by many Art and crafts teachers. What are the
advantages of combining them with ICT?

First, as many of the teachers expressed their fear of ICT taking over the subject, pushing out the
crafts, we believe in the importance of showing that these contradictions can be combined. It is not
necessary to choose either craft or ICT; instead, the digital tools can support craft projects, speeding
up slow and repetitive parts of the process to leave more time to work on the craft aspect. This
might be best shown in the example of the cross-stitch embroidery, where the pattern is generated
in seconds rather than spending hours on drawing it manually. Moreover, giving the traditional craft
a more modern appearance by using photographs may make the assignment more interesting for
youngsters. By working on designs in SketchUp, it is possible to make blueprints and stencils in the
same process, instead of drawing these separately. The option to cut and paste allows for rapid
duplication to try out small design tweaks or use the same design elements in different pieces. It
does not mean that ICT should always replace the hand in sketching, considering the positive aspects
of the slow process of drawing manually, as pointed out by Sennett (2008, p. 295).

In the first assignment, working with paint samples allows for a freer exploration, as students are not
restricted by the fear of ruining a nice painting. The notion that the samples will be used further on
may motivate students to search for interesting and beautiful results. Otherwise, they may find the
sample making useless and tedious despite the useful experiences such a process may provide. As
opposed to the other assignments, its end product is a digital image. One informant expressed the
view that digital images are often impersonal, artificial and lifeless, which seem to be negative
characteristics in the Art and crafts. In this assignment, the digital images are based on handmade
images that are later digitalised. This process provides a personal touch and richness in texture that
may may counter the informant’s association of digital images with negative attributes.

Working with software for 3D modelling can enhance the youngsters’ understanding of perspective
and the relationship between two-dimensional representations and three-dimensional objects. This
skill is necessary for creating their own drawings or understanding images, such as architectural
sketches.

An important aspect of digital skills is the knowledge of copyright and the laws that restrict sharing
of images. When working with photographs in a project such as the cross-stitch embroidery, it is
relevant to address this issue, as found images might be used, modified and built upon in making
patterns.

6 Conclusion

This study showed no significant difference between schools with and without a priority digital
focus, in the Art and crafts subject. In fact, the informant who stated most vehemently that she
avoided ICT worked in the school with the highest implementation of digital tools.

Most participants in the study put weight on craft, developing practical and motor skills, working
with the hands and gaining experience with materials. In their respective writings, Vetlesen (2015)
and Sennett (2008) shed light on the value of craft and materiality. According to them, technology
may lead to an abstraction of our surrounding world and offer less physical and sensuous
experiences, meaning that we will have less understanding of our surroundings. Art and products
made with digital tools may also become less personal, whereas the personal perspective is highly
regarded in Art and crafts.

Some participants expressed the opinion that it would be unnecessary to teach youngsters how to
use ICT, as they would master the tools on their own. This is not necessarily true for all, as
differences in gender, social class and interests affect their digital skills. The schools must therefore
take the responsibility to train all youngsters in the necessary skills for the future.

Craft and materiality are highly valued by Art and crafts teachers and should remain so, but there is
also a need to include digital tools. Through three examples of assignments for use in the Art and
crafts subject, we showed that a combination of ICT and crafts might be fruitful for both developing
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digital skills and practising traditional crafts. Art and crafts teachers should not feel the need to
choose between ICT and craft but include both in their teachings.
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The issue of education for migrant children has become highlighted in urbanized
transformation of Shanghai. The difficulties reflect on the following aspects: the part
of education for migrant children is counted out of public educational system; when
growing up, migrant children have to come back to their original hometowns to attend
the matriculation test in which the contents are distinguishing from what they’ve
learned in Shanghai; because of migration, it is difficult for this group of children to be
engaged into social life of Shanghai. Hence new methods of the education for migrant
children are supposed to be considered. This research aimed at cultivating migrant
children’s design thinking through methods of service design, which involved D-
STEAM, holistic view and stakeholders. The design process and four design prototypes
are presented in this paper. After testing, the prototypes obtained positive comments
but also suggestions for improvement, which demonstrated that service design is an
effective way to improve the quality of preschool education for migrant children in
kindergarten of Shanghai.

service design, migrant children, preschool education, educational transformation

1 Introduction

Since 1980s, a huge amount of rural labors population swarmed into big cities like Beijing, Shanghai
and Guangzhou, which led to tremendous changes in population structure and educational
requirements. The number of migrant children moving to cities with their parents increased
gradually during recent years, from 81.3 thousand in 2008 to 199.3 thousand in 2012(Lu, 2013). The
problems that include different education government policy, lack of teaching resources and
teachers hinder the development of preschool education for migrant children.

The project team, comprised by research team in Tongji University, the United Way and Yang Design,
tried to improve educational service for migrant children in Shanghai through co-operation and co-
design among children, parents, teachers, educational institutions and social organizations.

® @@ This work is licensed under a Creative Commons Attribution-NonCommercial-Share Alike
4.0 International License.
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1.1 The situation of education for migrant children in kindergarten

1.1.1 Government polities

As one of the cities that put attention on preschool problems of migrant children, Shanghai
government published Advice of The Preschool Education Work for Shanghai Migrant Children
(Shanghai Municipal Education Commission, 2008), which emphasized standard management to the
private kindergartens mainly for migrant children. By 2014, migrant children, with the amount more
than 210.9 thousand, occupied 41.94% of the registered children in kindergarten.

1.1.2 School and teaching resources

The group of migrant children has a high mobility and generally low education background, and the
proportion of their school attendance is always in fluctuation. They mainly enter into private
kindergartens or nurseries, most of which were rebuilt from old factories or dwellings and had many
problems in space and equipment. In addition, the instability of teacher employment intensifies the
pressure on those kindergartens.

1.1.3 Domestic education

About 75% migrant labour in Shanghai gained education no further than junior school. 93.6%
migrant families rent flats in suburban area with much lower cost or even sheds, tenement houses,
which place children’s learning and entertainment in a terribly disturbed environment. Besides, the
parents are not able to have enough time and energy to stay with their kids, because migrant
labours usually are employed in jobs with intensive physical input, which result in the near vacancy
of domestic education part. Meanwhile, the communications between are also in a low frequency.

1.1.4 Social organization

Under the rise of public educational requirements, educational charities in Shanghai that focused on
emotional care for “left-behind” children, social integration of migrant children and preschool
education increased from 150 in 2009 to more than 300 in 2013. Resources donation, voluntary
teaching and public welfare projects are still the main services that social organizations offer.

2 Research background

2.1 Service design and educational transformation

Service Design methodology has been adopted in the education model transformation, to use it as
the human-centered design process considering “a deep understanding and respect for human
behaviors, attitudes, dreams and capacities as the essential premise for any design action.” (Meroni
and Sangiorgi, 2011). In the past years, service design started to play more and more significant roles
in innovation of education. IDEQ, a leading design consultancy, who has engaged in couple of
educational innovation projects. The Gatdpolis, a digital game and diagnostic tool designed by IDEO
that teaches reading through games and helps teachers address learning gaps. K12 studio in
Stanford has dedicated to the research on design thinking in courses of junior and primary school to
improve students’ creativities; the trial of “Phenomenon Method”, started form 2013 in Helsinki,
Finland, rejecting traditional infusion education, concentrated on cultivating initiative learning
ability.

2.2 Social innovation stimulated by service design

Types of design connected to social innovation as follows: polity design, organizing design, service
design and role design (Whiteley, 1993). It has been proved through the emergence and practice of
service design that it is the co-operation not the control by certain classes that brighten the values of
design (Wang, 2017). As a consulting institution for the government, Design Council in the U.K. used
service design as a strategic measure to meet arduous challenges in society and stimulate the
economy. The Social Design Department in Applied Art University Vienna made plenty efforts to
solve social problems in public space, urban transportation, refugee employment and multi-cultural
integration by art methods.
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2.3 Preschool education and social innovation

The relationship between social innovation and education is important but intricate. On the one
hand, social innovation plays a necessary role in educational transformation. On the other hand,
education itself is a way to build awareness of social innovation and cultivate social designers. The
connections between schools and society in improving human and social development were
mentioned in The School and Society: Being Three Lectures (John, 1899). The development of
preschool education can be influenced and restricted by diverse social elements while it can help the
positive development of society. Esping Andersen proposed “a child-centred social investment
strategy” (Esping, 2002). Hemerijck extended the impact of relationship between preschool
education and society to fields of women employment, lifelong study and social competition
(Hemerijck, 2009).

3 Research Methods and Analysis

This project lasted one year (from Dec. 2016 to Dec. 2017), operated by Tongji University, the United
Way, Yang Design, Shanghai Charity Foundation and Minhang District Education Bureau. The team
did research in Huaning Road kindergarten and Shiji kindergarten,and chose Shiji kindergarten to
test the 4 prototypes.

Case study is the first research method we used. The research process was driven by design
practices, thus useful tools and methods (questionnaires, customer journey, stakeholder map, etc.)
could be selected through case studies. Inspired by the western methods in field research we used
this time were adjusted to the specifics of our users. Questionnaire was employed to capture the
understanding and demanding of parents and teachers. Participants were asked by questions about
their living situation and attitudes toward the preschool education. For children, the team organized
a service design workshop instead to observe children’ s behaviours by playing games with them,
painting together and telling stories. It was proved that cocreation with children is an effective tool
for making research among them. SERVQUAL was set for parents to make comparing assessment
about expactation and situation about kindergarten service.

3.1 Case Studies

My Dream World project, directed by professor Satu Miettinen of University of Lapland, aims to
increase the involvement and inclusion of young people in Namibia and South Africa using
innovative service design tools. The project helped community organizations to find innovative even
radical solutions to the essential services for the young people (education, health) together with
their customer, young people. “Where’s Daryl?” Project, is an anti-gun violence educational toolkit,
designed by Designmatters at Art Centre College of Design. It asks youth to consider their
assumptions about guns and discuss the real negative impacts they can have on their lives and goals.
Mission Lab, a design studio embedded in the school and staffed by game designers and learning
specialists. They design a new education system for a public school operating within the context of
the US Department of Education (DOE). In this new system, teachers developed new identities as
teacher-designers (Katie, 2017).

3.2 Field Research

According to the research of National Research Council in USA, the learning gap of children in needy
or vulnerable families appears during the first 5-year in their life. In December 2016, the research
team visited two private kindergartens on third level in Minhang District of Shanghai. 5 service
design workshops worked as field research were organized with some research work involving
guestionnaires and deep interviews and co-creation with children. There were more than 30
interviewees contained children, parents, teachers, and leaders of kindergartens. To get knowledge
of the real requirements of stakeholders, the team observed teaching scenes on class, visited the
school facilities, played games with the children there, and talked with parents and teachers. We
prepared cameras, recording pens and questionnaires to collect data and information. To break the
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ice, the team members made portraits for some kids and sent the works to them to attract their
interests. After that, the team invited children to paint together under a theme of “What is your
teacher/ school like?” to see children’s impression on their teachers and school. Some common toys,
like building blocks, were used in games and co-creation stage as well to know of what kinds of toy
shapes or game forms the children prefer to. Except visiting the campus environment by the team
themselves, children were encouraged to guide them hanging around to explore hidden problems in
facility using and daily activities. When talking with children during painting and games, it was also a
chance to gain some basic information from them and acquire their abilities of communication,
emotion control and expression. As for teaching activities, the research team joined in some lessons
to observe and record interaction of teaching and learning. Several team members even tried to
experience the role of teacher to consider the service process empathetically.

A service quality examination system of SERVQUAL was used to test the present educational service
and investigate the way to improve service quality as well as promote the relationship between the
school and the parents. The SERVQUAL (service quality framework) was used widely as a basis for
evaluating the service quality of existing feedback systems and investigating the outcome of the
service design from the user perspective. SERVQUAL provides a basis for many quality measurement
models/tools, the framework comprises five service dimensions (Zeltham!,1990) :

1. TANGIBLES-Appearance of physical facilities, equipment, personnel, information
transparency and communication materials

2. RELIABILITY-Ability to achieve service promise supports for parents/children, high-quality
service and emergency measure.

3. RESPONSIVENESS-Working information update, timely response to parents/children’s asks
and timely service with enthusiasm.

4. ASSURANCE-Ability to convey trust and confidence to parents/children, politeness and
ability to solve problems from parents/children.

5. EMPATHY-Individualized consideration, enough service time for all parents/children,
awareness of special requirements and parents’/children’s profits.

From the result of SERVQUAL Test, the team could know parents’ expectation and satisfaction on
school service, like teaching contents and quality, and which aspects of children they focus more on,
diets, acquired knowledge, grades, physical and mental development. In addition, using and
analysing methods of Rorschach Test was quoted to help the team know children’s psychological
situation. However, the results did not have enough value for design process: all of the choices of
satisfaction they marked were at the highest level and made no negative comments, which might
result from that they were designated by the kindergarten.
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Table 1 A table outlining the methods used, the participants, the duration, the data collection methods in the
service design workshop.

Contents Methods Number | Data collection Lasting time
methods
1.Service design Painting with 20 4 cameras for video | 1 hour
workshop with children and photo
children
2.Service design Playing games |30 4 cameras for video | 1 hour
workshop with with children and photo
children
3.Service design Observation and | 35 2 cameras for video | 2 hours
workshop with interview with and photo;
children and teachers | children and 2 recording pens
teachers
4.Service design Interview with | 10 10 testing 1 hour per
workshop with parents and guestionnaires; family
parents SERVQUAL Test 2 recording pens;
1 camera for video
and photo
5.Service design Rorschach Test | 10 2 recording pens; 30 minutes
workshop with 1 camera for video
children and photo

Figure 1 Service design workshops worked as field research in migrant children kindergartens of Shanghai in December

2016.

After on-the-spot visit, the results of field research showed that the actual situation was almost
consistent with the expectation on the aspects of family backgrounds and educational contents.

The main issues found during research are as follows:

1. The children were too young to express themselves well. They might have high enthusiasm
to be engaged, but the efficiency of communication was not satisfying.

2. The parents were active. But their responses were not consistent with the children’s and the
real situation. On the other hand, the parents mind of domestic education that it is enough
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only to provide sufficient sustenance for children brings difficulties for the project
development.

Lack of outdoor space and narrow teaching space. Most settled in rebuilding places, the
kindergartens meet problems in detail like interior construction and the height of stairs.
Usually, a group of children are gathered in a big classroom because of lack of individually
playing space. The teaching contents depend on the arrangement of each kindergarten.
Most teaching tools were made by teachers, which cost too much time and have got old and
shabby.

Figure 2 The main issues found during filed research in migrant children kindergartens.

The critical issues were defined through practical research with tools of service design, four design
prototypes were produced after co-creation, which aimed to train children in design thinking and
help the educational system rebuilding to achieve educational equality. In the service system
(Gadrey, 2002) of preschool education for migrant children (service target), parents (requirement
proposer), kindergartens and teachers (service provider) are the main research targets.

1.

Service provider (kindergartens and teachers): The kindergartens for migrant children locate
mostly around urban outer loop and suburban loop, closed to the living place of migrant
families, with the problems of imperfection of facilities, lack of teacher and teaching
resources, uneven levels of teaching quality but high standard for registration.

Service target (children): The society and parents usually concentrate on the “knowledge”
and “skill” that children learn, but ignore their requirements on emotion, psychological
health and individual development. Impressive mental problems can easily appear because
of the lack of parent-child communication.

Requirement proposer (parents): The parents, commonly lowly educated, are mainly
working as physical labours whose jobs may be replaced by automation in 10 years. Neither
can they provide help on children’s studying, nor do they have spare time or energy to
accompany their kids, which cause the absence of domestic education.
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Figure 3 Service target research and persona.

After analysing the results of research and confirming the exact issues, the design team groups made
desk researches respectively. Delivered from the research, strategies of redesigning migrant
children’s education guided the following design process.

3.3 The strategies of redesigning migrant children’s education through service

design
The importance of preschool education lies in how a person’s habits, interests and values are
shaped. The project team tried to find various touch points from safety, health to mental
requirements. What children need more are the attentions and cares on their psychological
development. The key points below are results from discussions and co-creation with the project
team and stakeholders:

3.3.1 D-STEAM via the Internet

D-STEAM combined concepts of STEAM Courses. STEAM (Science, Technology, Engineering, Art,
Mathematics) modularized courses, advocated by the American government, aimed at boosting the
education quality in science, technology, engineering, art and mathematics in K12 project, which is
the new global educational tendency under backgrounds of integrative subjects. Integrated courses
are encouraged to engage diverse fields of knowledge and establish closed connections among
subjects, which provides students with comprehensive diversified learning environments and guides
them to solve problems by practicing theories from multiple fields. MOOC (Massive Open Online
Course) provides interactive user forums that help build a community for students, teachers, and
parents against traditional course materials such as videos, readings and problem sets. MOOCs have
the potential to serve as "educational positioning systems" that precisely navigate students through
their curriculum along individual "pathways and routes to maximize student success."(Linda and
John, 2012).
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Several points need to be noticed:

e The connections between theories and practices in real life.

e The process of learning, rather than the results of grades after test, deserves more attention.

e |tisrequired to form a legible and interactive preschool education system through methods
of information design and games online without the limits of time and location, which will
help to fill the studying gap in front of children from needy families.

¢ Information base (information of parents and students): a collection of parents’ contact
information will help teachers and parents communicate timely and efficiently. Parents are
able to receive information from school on platforms of Wechat or other Apps while they
are encouraged to participate in education process.

e 020 instruction for parents: an integrated 020 instructive plan for parents from diverse
social fields and income level can help parents acquire their children’s learning
requirements.

e App service: The App service has functions of timely guidance and updating information,
which can facilitate the parent-teacher and parent-parent communications and
collaborations.

3.3.2 Engaging more stakeholders in the holistic view

The holistic view in this project is not simply equal to the design for courses or teaching tools. The
concepts of “ways of working”, “ways of living in the world”, “ways of thinking” and “working tools”
in cultivation model for future talents in the 21st century (Maria, 2016) helped the research team to

consider the system comprehensively and develop realizable design cases.

Participations of NGOs and social corporations can help to build empathy among stakeholders,
enhance educational service quality and solve other complex problems. The financial flows can also
operate smoothly by engaging commercial models from public welfare organizations. What’s more,
teachers (the service provider) can be helped to gain professional training and positive vocational
management, which is a new way for housewives accessing to employment. As the Early Childhood
Family Education Plan in Minnesota, USA, for example, it provided advanced early education for
children, based on household nursery recruiting and training house wives as teachers, which helped
those women'’s career development a lot.

3.3.3 Redefining the critical stake holders

The teacher is the key link to the final satisfaction to service and the service quality. Not enrolled in
the personnel system of public education department, teachers in kindergartens for migrant
children are not able to get professional titles or join the vocational award list. They are under
intensive working and stressing pressure but lack of supports form relevant polities, which bring
about a general low satisfaction to this job. Therefore, the experience of providing education service
needs to be emphasized in design.

The preschool educational model of Community + Kindergarten, developed from aspects of space,
teaching contents and personnel support, can help ease the burden on teachers effectively. As
Gestwicki mentioned in 1991, more resources in the community are available for teacher to design
courses. Communities can offer the natural, human and physical resources that are needed in
children’s social learning while teachers are capable to access those resources (Carol, 1991). Brief
Guidance for Kindergarten Education (Trail) (Ministry of Education, China, 2001), mentioned that,
“frequent co-operations should be built among kindergartens, families and communities... all sorts
of resources are supposed to be gathered to create beneficial conditions for children’s
development.” Functions of kindergartens and communities need to be integrated organically
through the awareness of sharing and collaboration to stimulate educational transformation. For
instance, a special space settled in kindergarten, like community caring centre or vegetable-planting
area, can offer caring service for children and let children learn more about nature and society,
which helps their healthy growth in community.

2708



stakeh

Co-design

v

Research

Prototype | 2

Test & Feedback

Figure 4 Considering requirements of users and education transformation, the frame work for Service Design for Migrant
Children’s Education is structured among touch points in service design process.

4 Design process and prototypes

4.1 The Power of Play: teamwork learning

Play, love, and work may constitute separate and distinct dispositions, they function most effectively
when they operate together (Elkind, 2007) With multicolour clay as the teaching tool, activities were
designed and organized by the design team to build and improve children’s awareness of co-
operation and team spirit.

The design team used the Rorschach Testing to learn the psychological status of migrant children.
They also tried to communicate with the children by playing games with them and shot the process
to record their emotions and behaviours in case of their limit on communication ability and emotion
control.

According to research, the material of clay was chosen as a new teaching tool to match the
redesigned teaching process: 1. Color learning: children learn colors from clays in different colors; 2.
Exchange and co-operation: children need to accumulate diverse colors of clays by exchanging or
mixing with others’ to learn knowledge of color and how to communicate with others as well, which
can relieve the children from pressure of unacquainted environment; 3. Co-creation: a group of
children are organized to fill colors into a simple pattern frame together by using their own clays,
through which they can experience the pleasure of teamwork and art creation. Their works, at last,
become decorations of their classrooms. The testing team, comprised of a kindergarten teacher and
6 children, half are boys and half are girls, experienced a 30-minute testing (equal to a class time). It
showed from the recording video that the children were excited in learning knowledge of colors and
mathematics, and they finally finished a pattern work together, which matched with the design
concept. Most process worked by kids themselves while the teacher just gave some supports on
organizing. The teacher thought it was an efficient teaching project because it was attractive to kids
and easy for teachers to accomplish teaching work with 50% discount on workload. Meanwhile the
kids were so interested in the whole process that they even asked more testing time to play with
clays.
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Figure 5 Service design process: research, brainstorming and testing (left); co-created work by kids and the team (right).

4.2 Mushroom Growth Plan: aesthetic training

The design group was inspired from current inferior decorations in the kindergartens. Aesthetic
education, which is easily overlooked in preschool education for migrant children, is the critical point
of this project. It also can be regarded as an effort to transfer the aesthetic education service from
elite educational content to popularization.

For testing, the project team organized 4 groups of children (3 children per group) to co-operate and
create a simple pasteup work.Under the proper guidance, children are able to express their
emotions and release their negative moods through art methods. When the teaching way
transformed from unilateral to participative, children’s enthusiasm can be aroused and teachers’
skill can be improved meanwhile. The art works by co-operation has the power to raise children’s
aesthetic awareness, their self-confidence and also the sense of group honor.

Having co-designed with charity organizations, the design group produced a new service journey:
the project will get financial support from sponsors in the migrant labors” hometown through online
platform of public welfare organizations; volunteers will be recruited mainly from university
students in Shanghai to help teachers with preparation of materials, organization of activities and
co-creation about paste-up work, color filling and some easily controlled and low-expense art works.
Volunteer recruitment information is published on platforms of university student unions and
relevant Wechat pushes. At present, voluntary training is going to be started with more than 30
applications have been uploaded. And the project team is trying to find access between voluntary
service and university CETs transferring.
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Figure 6 Testing and co-created work by kids and the design team.

4.3 Kuang-kuang: knowledge of hometown

The children migrate to Shanghai with their parents almost have no idea nor memory about their
original hometown, according to the research, around 70% to 80% migrant children will come back
to their hometown when they get elder. The problem of adaption to unfamiliar environment will
confront with them again. Peer tutoring enabled students to critically evaluate cultural stereotypes
and reflect upon their own cultural practices (Ghassan & Bohemia, 2015).

To introduce knowledge of different hometowns and strengthen the sense of regional identity, a
traditional type of paper-made train as a new teaching tool, named “Kuang-kuang” (imitating the
sound of running train), was created by the design team, which carries puzzle pieces of their
hometown, local food cards, dialect books and instructions for teachers and parents. Every kid holds
one carriage about his or her hometown and learns the place by playing with the stuffs inside under
the guidance of teachers or parents. The carriages of train can be connected by nylon tape, which is
convenient for children to communicate with each other and play together. Through the prototype
testing, parents and teachers showed great interests in this project. Their memories about
hometowns were reminded when they join into it and they could share abundant experience and
stories with their children. “Peer Tutoring” could be seen as a beneficial intervention or lesson for
the parents and teachers, (according to research, most teachers are also migrant from other
provinces.) which can help form a positive learning interaction from kindergarten to family, and
children may have a deeper affection to their hometowns.

Figure 7 Testing and co-created prototype by kids and the design team.

2711



4.4 Accompanying storybook and App

Family education is the basic support of academic and social education. But the parents of migrant
children are seldom aware to spend time on accompanying with their children. The pictorial
storybook and App available for parents and children in this project were designed to tackle the very
problem. Parents and children complete the illustrations in the storybook together and then upload
their works and photos on the App platform sharing with other families, on which an online gallery
will be formed to collect precious memories of accompanying time to improve domestic affections.
The storybook was finished and gained warm welcome from children and parents. As for the app,
the parents praised it, but it kept its step before commercial exploitation because of the lack of
financial support.
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Figure 8 the prototype of accompanying storybook and App for migrant children and parents.

4.5 Feedbacks

After four-week design process, the project team presented their work and held an exhibition in
YANG DESIGN Museum, in which part of stakeholders like volunteers (20%), teachers (50%) and
designers (20%) were invited from Shanghai Charity Foundation, the United Way, Minhang District
Bureau of Education, Shanghai and kindergartens for migrant children, from whom comments and
suggestions were gathered. As the staffs from Bureau of Education said, the educational
transformation could be inspired by the service design for preschool education in this project, which
was an unprecedented trial. Teachers from kindergartens raised some specific advises on details
about material recycling and organizing activities. The presenting process was supported and
reported by some mainstream medias in China like IFENG.COM. The whole project was displayed on
Shanghai Design Week afterwards and received good reputation. When looking into the results of
feasibility election voted online, “The Power of Play” gained most favorable rate (32%), other groups
shared the rest percentages in turn as follows: “Aesthetic training” rated 30%, “Kuang-kuang” rated
28%, and “Accompanying story book and App rated” 26%.

5 Conclusion

This research is among the first attempt to solve the issues related to education for migrant children
sectors, though their needs to develop more China specific and innovative approaches to fit the local
complexities. The working group have mind to validate and optimize our service design approach
against the feedback along the way going forward, and bring up the research on the prototype of the
diversified service innovation as project subjects in next phase. The future research will pay more
focus are as follows:
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In this global knowledge-based economy, design requires a brand new and more proactive attitude
toward economic and social change. Designers involved in such projects need to take the initiative
with all stakeholders together to find new ways and possibilities, and act as guides and organizers to
drive the "things" to take place (Lou, 2016). On the other hand, designers' in-depth capabilities are
becoming more and more important. In this project, interdisciplinary knowledge such as
contemporary tutoring and early childhood psychology help designers create new service design
tools to solve complex problems.

At present, it is very difficult for the migrant children kindergartens to bear the cost of expensive
equipment. The design of low cost and easy replication is still the focus of current teaching for
migrant children. Eventually the ICT (information, communication, technology) based design
approach cannot be implemented in this project. From a long-term point of view, high-tech based
approach will significantly help establish a clear and cordial pre-school education system and reduce
the labour intensity of kindergarten teachers to effectively tutor, and moreover, bringing
kindergarten children to online learning is important for their future training. How to control costs
and facilitate the replication of ICT education is the research direction going forward.

For the moment design-involved education focuses more on the design of the physical environment,
such as the design of kindergarten fields, the environment and teaching aids, but lack of intangible
environment design. Intangible refers to the social relations of people in life and related information
including: family atmosphere, kindergarten style, kindergarten culture and teacher’s ethic codes.
Unlike other areas of education, preschool education places strong emphasis on developing the
whole child - attending to his or her social, emotional, cognitive and physical needs, in order to
establish a solid and broad foundation for lifelong learning and well-being.
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Co-activity and interaction are necessary in education as well as in design processes.
In an artistic design process, interaction occurs between the material, the techniques
and the artist. In design education, interaction occurs between students and the
lecturer, between students and other students, and between students and the task.
To explore the similarity between design and education processes, this article uses the
Black Thread project, which involves co-design embroidery, with a focus on design
education within higher education. The project involved nine student groups studying
design education in the Specialised Teacher Training Programme in Design, Arts and
Crafts at Oslo Metropolitan University in Norway and took place over a three-year
period. The lecturer’s instructions and recommendations were vague in the first year
and clearer in the final two years. The groups cooperated and collaborated, showing
how they related to the design and describing the communicative and relational
processes. Co-design embroidery projects such as the Black Thread project help to
develop the patience, manual skill, creativity and ability of the participants.

development work; design education; embroidery; co-activity

1 Introduction

Design participation and cooperation takes place both in education and in professional practice.
Participating in a long design process provides opportunities for the development of designs and
materials as well as the opportunity to analyse processes and working methods. Professional
education is also based on education and practice. It might be helpful to note how research-based
teaching relates to the idea of both education and research being required for design and education.
Following the introduction of a new common law for universities and colleges in 1996, research
requirements became clearer. The term research-based teaching was emphasised to stimulate
quality and diversity in Norwegian higher education. The term is multifaceted, and the form it should
take depends on the subject area in which it is being applied (Hyllseth, 2001). The strategy of Oslo
Metropolitan University is to develop and stimulate interaction between education, research,
professional practice and innovation (Havnes, 2011), but it is important to determine how this
strategy can be implemented practically and which materials and techniques are the most suitable.

® @@ This work is licensed under a Creative Commons Attribution-NonCommercial-Share Alike
4.0 International License.
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Both Richard Sennett’s The Craftsman (2009) and Kristine Riis’s Ph.D. thesis (2016) about design and
the design process support the importance of working with and exploring materials and techniques
thoroughly. The master’s degree programme offered by the Oslo Metropolitan University’s
Department of Art, Design and Drama was established in 1976 and for many years emphasised a
balance between practical work in workshops and academic anchoring (Fauske, 2014). The
programme gave students the opportunity to experience practical work with textile materials and
embroidery and, through this experimentation, to gain a deep interest in the subject area.
Moreover, the studies involved cooperation with an artist in a textile workshop. The design work
became part of a new system for the students and artists, providing with an outlet for
experimentation and teamwork based on business and private assignments.

This interaction with an artist was, similar to Schén (Schon, 2000), called internship practice.
Alexander Carnera (Carnera, 2012) describes the work between a master and unskilled workers as a
laboratory for focused motivation with an emphasis on supporting committed working relationships.
Academically, the process evolved from a kind of basic research to the development and application
of knowledge. Kristina Niedderer (Niedderer, 2013) discusses which research questions are
important to ask in the creative practice of art and design, noting a distinction between art
knowledge and design knowledge, which require different questions. In this article, questions
related to two areas are presented: the lecturer’s development work in exploring materials and the
facilitation of student education. In both areas, interaction is important for change and
development.

When reflecting on the course of the design process, the study’s author identified four main roles
resulting from the dynamism and flexibility of co-activity. The roles evolve from practitioner to
designer to facilitator and, finally, to researcher (Figure 1).

facilitator/

researcher
lecturer

practitioner designer

Figure 1: The roles in co-activity: practitioner, designer, lecturer and researcher

The students in the Black Thread project were involved in the lecturer’s exploration of synthetic
leather and silk thread. The project was a kind of action research in a practical course with materials.
Retrospective reflection linked what and how the students designed and improved their
performances. Small communities (Wenger, 1998) occur when students discuss design, materials,
methods and function, and this dialogue plays a central role in training and preparing them for the
teaching profession. Within co-activity, there is a difference between cooperation and collaboration
in interaction; in this project, some groups cooperated while others collaborated, with interesting
differences in outcomes. Throughout the project, the roles of the students and the lecturer switched
between practitioner, facilitator, designer and researcher.

2 From basic research to applied knowledge and development

In 1996 (Kvellestad, 2004), the author of this study participated in the master’s degree programme
being studied, and it was possible to engage in practical research in materials as a part of the degree.
Thus, the practical working method was an exploration in process with systematic work included
pre-phase and multiple trial phases on materials, details and the end use of knowledge for new
expressions. The work followed the hermeneutical research tradition, with an exchange of
understanding and experience between completeness and detail. Thuren (Thurén, 1994) calls this a
hermeneutic circle. An interpretation of the material indicated the further work to be done and the
end results. In particular, the interpretation became important when knowledge and experience
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were to continue after the original exploration. This research method suited the material field.
However, at this time, there were different traditional research methods used depending on the
subject being studied (Fauske, 2014). Fauske claims that education was widely oriented with regard
to research methods and traditions, opening the door for research and specialisation within the
practical field of materials and allowing the field of study to be documented in a more scientific way.

In retrospect, this work seems to be a type of basic research within the field, where the examination
of a tool in various ways can indicate a new use of the tool without the aim of a specific application.
The use of dialogue and the questioning of techniques played a useful role in the systematic work in
the master’s degree programme. Through many phases, in which the results were described using
categories, there was always a conclusion that led further into a new phase. The material choice was
constant, but the pace and direction of the gear varied. There was a dialogue between the
researcher (practitioner) and the technique. Figure 2 shows the stages of study and practice that
result in the development of design competence. The design process began in a seemingly random
way but evolved to have meaning and growth.

Employment in a New embroidery
Master's degree textile workshop Owning a expression
) ) Applied knowledge company Art exhibition
Basic research with w with assignments o Design and and including
testing material, and the embroidery - students
tools and techniques development of assignments (research-based

technique education)

Figure 2: Stages in artistic development work

After completing the master’s degree, the author secured a position in higher education in which
she participated in additional research and development work. This opened up possibilities for
continued practical work in materials. In 1995, the university introduced artistic development as a
parallel to research and professional development. That is, artistic development work became
aligned with scientific research according to university law. This supported a practical approach in
research and development work. In 2007, the Weight on Artistic Development report was published,
and performance-based indicators were developed in Stortingsmelding (Parliamentary Report) nr.
20 (2004-2005): “Development work is a systematic business that uses existing knowledge from
research and practical experience and is aimed at presenting new or significantly improved
processes, systems and services” (Kunnskapsdepartementet, 2005).

Research and development work made it possible to remain in the design process over time and to
develop personal art while also involving students in the project. Dialogue between thought and
action developed in the design processes (of both art and craft). Flexibility is an important property
in the creative process and necessitates reflection and judgment. It results in co-activity with the
materials and the techniques. In professional practice, expertise and competencies were used in
new ways (Schon, 2000), prompting questions related to materials, processes, concepts and the use
of objects (Niedderer, 2013).

In 2009, Sennet published the book The Craftsman, which emphasised and elevated crafts by
discussing them with great respect and insight. He mentioned targeted work as an important part of
crafts. According to Sennet (Sennett, 2009), targeting is something that is achieved, not something
that is set in advance. You work and work, then you stop and you reflect before you start working
again. This process is similar to Riis’s creative dialogue, which is characterised by openness,
complexity and a dynamic nature. A creative dialogue contains sketches, form studies, solutions and
changes (Riis, 2016). Knowledge in design emerges through application, challenge and the
development of experiences as well as through knowledge and action rules (Riis, 2016). It is,
therefore, useful to have a break in the creative process.
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3 Interaction with the materials

In embroidery exploration, a break could mean choosing unknown materials and themes or
assembling two or more unusual embroidery materials in an attempt to expand borders. For
example, synthetic leather with silk embroidery is not an obvious combination, but this increases the
novelty of the materials. In the project, the lecturer was a researcher, a user and the initiator of the
material, and there were many questions. It was necessary to take small steps and select clear
constraints: only one colour was used, either white-to-white or red-to-red. This limited the
possibilities and gave a deeper understanding of the material through experience and reflection in
designs and crafts (Kvellestad, 2017). Through different tests with the material, new critical
guestions arose. A thorough investigation of the combination of materials and stitches was
conducted. Combinations with different stitch densities, lengths and directions yielded interesting
variations and possibilities (Figure 3).

Figure 3: Randi Veiteberg Kvellestad, details from embroideries in synthetic leather and silk thread, white-to-white, 2016

Exploration continued in dialogue with the simple stitch and by looking at previous works. The
material’s dull surface provided resistance to the needle, and when the stitches tightened, a relief
arose, resulting in the embroidery rising from a two-dimensional surface. Applying only one colour
inspired creativity and innovation with new expressions in the material. This was an experiential and
procedural type of knowledge—knowledge derived from experience (Niedderer, 2013).

The use of questions and dialogue played an important role on three levels: the material, technique
and embroidery topics (Figure 4). To take the material seriously, a sense of co-ownership was
required, which was important for creating quality. Among other things, Sennett (Sennett, 2009)
highlights the curiosity regarding whether a material will produce a work of great quality. To achieve
good craftsmanship, it is crucial to work with great respect and to derive meaning from the works.
Quality is a likely outcome when you spend time and have patience with the embroidery in the
design process. A creative process takes time, and in a research context, it always includes reflection
and judgment (Hansen, 2013). There is a binding working relationship between the artist and the
material. Questions are asked, tests are evaluated, new tests must be made, new questions must be
asked and, thus, the work and research are established. Carnera (Carnera, 2012) writes beautifully
about a binding working relationship, defining it as that which occurs in the meeting between skill
development and experience formation and which adds to the learning process an assessment of
both poetic and aesthetic judgment.
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Figure 4: The lecturer’s dialogue played a role in three areas: material, technique, and embroidery topics

Other characteristics of embroidery were mentioned by textile artist Annika Ekdal, explaining that
“to embroider takes time and time is visible”; this visibility gives the embroidery respect (Robach,
2012). Stitch after stitch is added, a motif is added and the slow becomes visible (e.g., see Figure 5).
The material-based creation process is slow, and so courage and patience are important factors
(Karlson, 2012).

—

Figure 5: Randi Veiteberg Kvellestad, embroideries in synthetic leather and silk thread, red-to-red, 2016

4 Co-designing embroidery: The Black Thread

A big advantage to working with students is that they can be included in the research and
development work. On one hand, they can do practical work, and on the other hand, they can be
informants and critics. Before any of this, however, they must be asked to participate. Oslo
Metropolitan University’s Specialised Teacher Training Programme in Design, Arts and Crafts,
organises several material-based periods, including a four- to six-week textile period. During these
periods, the students learn different textile activities through workshops. In most of these activities,
the students work individually. They learn the craft and can be creative, testing new ideas at short
notice. Later in the study, they are given the opportunity to immerse themselves in the techniques
and materials. The present project, the Black Thread project, took about one week and was
organised differently than were other activities, requiring students to learn and cooperate in
groups—a professional didactic approach with practical material work.

A total of nine student groups distributed over three years (i.e., three groups each year), were
involved in the completion of embroidery tasks. Each group consisted of 12—17 students who were
required to collaborate in solving challenges concerning the task and the practical work. All student
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groups were provided with one piece of light grey synthetic leather and different black threads. The
idea was to use different stitches on an uncommon material. The instructions explaining the task
became more precise as the years progressed, from the first-year groups in 2013 to the final groups
in 2016. The improved explanations were reflected in the results of the project (Kvellestad, 2017).

4.1 First year: 2013-2014

Every day for six weeks, students were asked to make a track on a collective picture according to
their sense of humour or other states of mind. They had the opportunity to embroider either on
their own design or on those of their neighbours. The final results differed substantially among the
student groups. The tracks went all over the leather in a free composition. Although the students
cooperated, they worked as individuals, with limited dialogue related to the final product (Figure 6).

=

Nr. 1 2013/14, gruppe B, 107 x 56 cm Nr 2. 2013114, gruppe A, 107 x 56 cm
e I e

Figure 6: Students works, two examples of the Black Thread project results from the 2013-2014 groups

4.2 Second year: 2014-2015

The task was essentially the same as that which was set the previous year, but the lecturer
instructed the students to make links between the tracks and to invite their neighbours to continue
and finish their embroidery. However, before they began, they decided to have a common subject,
which was defined through creative and open-minded dialogue, collaboration, discussion and
planning of the composition. Therefore, these preparations provided new experiences. Two of the
finished works can be seen in Figure 7.

Nr. 32014/15, gruppe C, 80 x 56 cm

Figure 7: Students works, two examples of the Black Thread project results from the 2014-2015 groups

4.3 Third year: 2015-2016

In the project’s third and final year, the lecturer’s instructions for the students were even more
precise. The students were advised to transfer sketches from their drawing course or from an
exhibition in the National Gallery to embroidery, and their neighbours were invited to continue the
design. The stitches, textural possibilities with the surfaces and formal composition knowledge were
emphasised. The students took photos and discussed and exercised the composition in different
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ways. The design process was characterised by openness and appreciation. Examples of student
work from this group can be seen in Figure 8.

Figure 8: Students works, two examples of the Black Thread project results from the 2015-2016 groups

4.4 Completion of the project

The differences between the nine resulting pictures were obvious when exhibited in Gallery PP33 in
2016. The three pictures from the first year lacked a planned design process and were characterised
by free compositions and tracks with personal messages. The students were not well informed about
the project but simply completed the task. Differences in teamwork were observed. In the first year,
the students cooperated; their spontaneous embroideries were rougher and their compositions
were disjointed and not unified. In the final two years, the students collaborated in the planning of
their work and followed material and composition rules. These embroideries were more figurative
and the compositions had been planned out. Both approaches to the professional development
work required a variety of learning skills and experience with the materials. The observed difference
between cooperation and collaboration underlines the role of the lecturer in influencing the
dynamics of a group.

5 Co-activity in a design process

The terms co-design and co-creatism evolved from the area of participatory design. Collective acts,
including the dialogue between students and other students and the lecturer, borrow perspectives
from the area of co-design. In co-design, collective acts of creativity are shared by two or more
people (Sanders, 2008). Figure 9 shows a schematic overview of how the co-activity was conducted
in the student project, particularly in the last two years.
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Figure 9: Dialogue in collaboration work: the basic actions at four levels

For students in the two final years (i.e., the last six groups), dialogue in collaborative work was a
basic action at four levels: between the lecturer and the students, between the students themselves,
between a single student and the material and, finally, between the students and the embroidery
topics. The lecturer’s role switched between designer and researcher. The lecturer’s communication
with the students played an important role by initiating the activity and precisely articulating the
task. Students were users and designers in completing the embroidery as a whole; they worked with
a sense of co-ownership and shared responsibility. In pursuit of a common goal, the dynamics of a
group can be characterised as degrees of cooperation and collaboration (Ness, 2016). As the process
became more collaborative, recurring challenges gradually disappeared.

In the evaluation at the end of the project, some students mentioned that it was fun to design
something without knowing how it would turn out. They used the thread like a pencil—albeit a
substantially limited pencil—which could be perceived as beneficial or inhibitory. For example, some
students commented that the synthetic leather was nice, solid and comfortable to embroider. The
three spontaneous embroideries from the first year were rougher, and their compositions were not
unified. Compared with embroideries from the last two years, those of the first were more abstract
in composition, as these groups had not discussed a strict framework for the task. They had
complete autonomy, free from agreements with the rest of the group, during the creative process.

Before issuing instructions for the groups in the final two years, the lecturer knew more about the
material and the possibilities, which allowed the lecturer to explain the task more clearly. These
students’ plans and discussions contributed to thoughtful and clear compositions with harmonious
tracks. It is possible that the lecturer's clarification of the task influenced the results, as the students
had to interpret from her instructions whether it was her wish for composition, thoughtful design
and the use of the needle and thread. This is a question that should be posed to the students in the
evaluation at the end of the project.

The greatest challenge to interaction was the time limitation of the students; their evaluations
suggested that they wanted more time to do a better job. Some said they worried about ruining the
whole and that it was difficult to get things to harmonise because everyone had different ideas. The
majority were satisfied and highlighted their eagerness to see the end result; it was exciting to see
how totally different expressions and motives could be conveyed and still constitute a whole. The
concept here can easily be transferred to other materials in design education.

In a design process, practitioners take part in collective creativity applied across the whole span of
the process. This is one of the strengths of the co-activity method. A designer or a lecturer has ideas
and begins a project, and when other users, students or technicians become involved, the ideas
change. New ideas, materials and technologies that arise in the process influence the outcome. Co-
activity is not rigid or static but rather characterised by flexibility and fluidity, which allow for change
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and a greater appreciation of the product. Through collaboration in educational contexts, the
lecturer leads the students in their actions, guides them in adapting to changes and provides support
for their creations (Kvellestad, 2017). Such interaction challenges the lecturer to ensure that the
students take ownership of the task and are users and designers in the process. A good dialogue
involves interactions involving mutual inquiry: sharing, exploring, discussing and weaving new ideas,
through which newness and possibilities emerge. Responding to one another, a critical aspect of
dialogue, is by nature an interactive process (Anderson, 2012). It is, therefore, important to examine
the lecturer's influence on the design process and on co-activity, and this examination provides
scope for future research within this topic.

6 Cooperation and collaboration

In the healthcare field, a distinction is made between cooperation and collaboration to create better
outcomes for patients and their families (Ness, 2016). The definitions of cooperation and
collaboration as they relate to design clearly describe communicative and relational processes. The
students of the Black Thread project established such a community, and everyone participated and
worked effectively over a short period of time. The project had features common to those in
Wengers’ (Wenger, 1998) social theory of learning, which can be used to describe and understand
elements in a partnership. According to Wenger, learning is created by a social act or in a process
between people. Learning is characterized by the situation in which you are and takes place in every
practice community.

A thorough analysis of teamwork in the Black Thread project showed differences in participation in
the design process, as some groups cooperated while other collaborated. The actors were both users
and designers, and they progressed through the levels of doing, adapting, making and creating
(Sanders, 2008). All nine groups had about one week to complete the task to achieve a common
design. In the first year, the groups cooperated: they communicated, but with minor processual
contact. They did not ask questions about the material of one other. Each student completed his or
her own task and then passed the piece on to the next person. The contents of the sketches and the
topics were fragmented. In the final phase, a few students embroidered wildly and freely and
completed the work because there were no group leaders and no common rules for the task. The
results appear more abstract compared to those of the last two years.

In the final two years, six groups had a collaborative relationship and dialogical conversations about
the material and designs. They asked questions and interacted with one another in mutually
responsive ways, and new possibilities emerged. This interaction led to a co-ownership of the
project (Anderson, 2012), which was extremely important for its completion. The compositions of
the collaborative groups were more figurative. This is an interesting observation, prompting the
qguestion of whether it was the lecturer’s clear instructions for these groups that impacted the result
or whether it was the conversation between the students before they began. The groups had a short
deadline, so they had to think and act quickly, and maybe it was easier to embroider effectively
when the design was already planned and drawn before the embroidering began. Routines and rules
streamline a creative process. A good example of this is in the children’s educational context, where
it is very important to have clear tasks. Pupils must know what they are to do and what is expected
of them. One of the goals of the Black Thread project was for the students to be able to transfer
their experiences to their own practice as teachers.

This perspective pertains not only to learning in an artistic context but also to a social phenomenon,
with a focus on action and participation; however, it also includes flexibility and fluidity—a
community in motion (Anderson, 2012). The students who are creating and exploring together will
eventually be teachers and participate in communities of practice. Such co-activity is an action used
in school projects in music, language and science courses. Frisch (Frisch, 2010) studied child
development in drawing, using the term wildfire effect to explain a drawing activity in which pupils
looked at and learned from each other. The sketches progressed and created informal learning. The
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pupils were aware of each other’s work, borrowed from each other and realised joint development.
A fearless approach, with both constructive and instructive interactive moments among the pupils,
characterised the activity (Frisch, 2010). By working practically and physically with materials, the
students in the present project also achieved a better feeling for touch and a sense of the material
and the needle. They might also remember the activity better because co-design embroidery is a
long-term process. Even though the timeframe of this project was just one week, which was not a
sufficient amount of time for the many students to embroider, students worked on the project at
their leisure to complete their portions.

7 Community of practice and interaction

The Black Thread project is an example of a community of practice, which evolved from textile
design education involving elaborate dialogue and participation during the design process.
Teamwork or small communities of practice (Wenger, 1998) are important parts of training and
preparing for the teaching profession, in which the building process itself, as well as dialogue,
discussions, co-working and co-exploring, play central roles (Kvellestad, 2017). In design education,
small communities emerge and persist when students discuss design, materials, methods and
function. Other significant factors include mutual trust and respect for each other’s differences. The
importance of dialogue is based in the tradition of practical knowledge, such as Molander’s
(Molander, 2015) knowledge theory.

Participation design emerged within the design community in the 1970s when users were given a
contributing role in design work alongside the researcher and the designer (Sanders, 2008). The
knowledge building was in a practical field, with dialogue and collaboration with materials,
techniques, the artisans and the principals to solve textile assignments. Co-activity as practiced
today takes on quite different manifestations depending upon the expertise and mindsets of the
practitioners (Sanders, 2008).

Reflecting on the process and results is useful and educational in all professions, although the main
focus of this article is artistic development work and the involvement of students in the work.
Molander is a pragmatic philosopher who reflects on Donald Schon’s main case in The Reflective
Practitioner: the communication between an architecture student (Petra) and her teacher (Quist) in
design learning. Petra was a novice at the University of Architecture, and she had to listen to an
experienced practitioner. In their communication, Petra switches between arguing for her own
knowledge and being open to the teacher’s coaching. Molander mentions four tensions that
characterise the action in a dialogic structure: part—whole, commitment/involvement—detachment,
criticism—confidence and action-reflection (Molander, 2015, p. 286). In the Black Thread project,
students had to work with their own embroidery (the part), select the stitch and thread and make
expressive lines. However, it was also important to pay attention to the whole design by looking for
balance, repetition and texture effects. They had to discuss, make choices and defend their views
with professional arguments, just like Petra. In this little project, they had to trust in those with
whom they did not agree. In this dialogue structure, knowledge was maintained and even evolved
(Molander, 2015). In a school situation, the teacher will always influence pupils with advice and
suggestions for improvement. The same thing happens among students. The lecturer advised, but
the students should make their own choices. In this project, the students helped each other, made
compositions together, combined designs and explored stitches and textures.

8 The value of being part of a process

In a design process in an artistic development work, both creativity and patience are important for
completing the work. This process is similar to Riis’s (Riis, 2016) creative dialogue, which is
characterised by openness, complexity and a dynamic nature. A creative dialogue contains
experiential knowledge or skill that can be described; however, some parts of it evade
communication, because we can know more than we can tell (Niedderer, 2013). The concept of tacit
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knowledge (Polanyi, 1983 [1966]), however, will always follow a creative dialogue. Long artistic
experience, a practical sense of judgment and life experience are of great value in this dialogue. The
core of many professions, such as crafts, healthcare and learning, is that human executive judgment
is important, being linked to wisdom and reflection.

Meyer (Meyer, 2007, p. 52) describes how skills development occurs through five stages: beginner,
advanced beginner, competent exercising, proficient practitioner and expert. Developing skills, crafts
or design knowledge takes time. All experience contributes to insight and understanding. Lgvlie
(Lgvlie, 2011) claims that the foundation of experience is developed within an educational
environment when one has a reflective relationship with one’s own practice. If one participates in a
process over time, innovation and development will occur.

This is in line with a professional education based on both education and practice, and there is a
close link between education and occupation. Oslo Metropolitan University’s goal is to develop and
stimulate the interaction between education, research, professional practice and innovation
(Havnes, 2011). Jarning (Jarning, 2011) characterises the educational institution as a knowledge
triangle, with education/research/knowledge, sharing and innovation. In higher professional
education, there is an interaction between these areas. The institution will offer education based on
research, professional and artistic development and experience. As a professional employee, one
can apply for time allocated for research and development work. This provides opportunities for
diverse and non-stagnant work. Jarning also addresses trends in today’s Norwegian education race
that attempt to remove practical work in education. He points out that performing more research at
the expense of gaining experience leads to practical skills and training becoming less valuable
(Jarning, 2011). Even when completing one’s own research and development work, student
participation can help in a practical way as well as allow for research-based teaching.

In the Black Thread project, embroidery students worked within a short timeframe. Their challenge
was to make various lines with stitches and texture surfaces and to produce compositions. Schén
(Schon, 1991) characterises a second aspect of reflection about craftsmanship as knowledge in
action and reflection in action. In action research, knowledge can be both tacit and spontaneous;
however, through thought and action, adaptation and adjustments create new knowledge and
extend reflection. Dialogue and collaboration aids in the development of curiosity and the
understanding of materials, techniques, theses and compositions (Riis, 2016). According to Wenger
(Wenger, 1998), groups develop a shared repertoire of resources: experiences, designs, tools and
ways of addressing recurring challenges.

In the larger educational context, the present project in design work supports the three themes
promoted by the Ministry of Education in the upcoming renovation of the subjects in
Stortingsmelding (white paper, Parliamentary report) nr. 28 (2015-2016): democracy and
citizenship, sustainable development and health and life skills. The present project stresses life skills,
with everyone participating, working, stimulating creativity and demonstrating good attitudes. This
knowledge has both academic and social aspects. Interaction is important in almost all professions.
Teamwork and participation characterise the work of politicians, educational institutions and health
services. The international project Education 2030 is a framework for the qualifications pupils will
need in Organisation for Economic Co-operation and Development (OECD) countries in 2030,
including professional knowledge; cognitive skills such as creativity, problem solving and critical
thinking; and social competencies such as interpersonal relationships and communication skills (28,
2016). The Black Thread project can serve as an example of an interaction in which these
competencies are important to the task’s progress. To co-embroider, one must consider the other
participants. In the co-design embroidery project, the co-activity was both a method and an action
for obtaining results in design education. The value of co-design is that the methodology involves
students developing interdisciplinary resources.
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Co-design embroidery projects such as the Black Thread project develop participants’ patience,
manual skills, creativity and abilities. These personal qualities are important for design education
and represent the cornerstones of almost every community. The students learned how to
successfully manage and complete a project. The forms of cooperation they employed affected the
results. Hopefully, they can transform the competences they gained and apply them to teaching
pupils of all ages.

9 Concluding remarks

The value of my master’s degree programme was greater than originally thought. The degree-
initiated processes developed and stimulated both innovation and change as well as the inclusion of
students (in the last five years), and experimentation with materials and techniques has been
important for artistic development work and design education at the university level. In order to
move forward in a design process, violation (that is, the breach of the known or established) is
crucial, as this is the only way to try out new materials and possibilities. A crucial issue remains,
however, in determining how to use this knowledge in student education. The importance of the
Black Thread project was primarily exploring how the students interpreted and reacted to the
lecturer’s development work (i.e., focused on the subject didactics). This article shows how the
organisation of teaching affects the outcomes. Co-activity challenges, but also stimulates,
cooperation in several ways, and this concept can be transferred to other materials in design
education.
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Due to the rapid advances in the use of information technology and students’
familiarity with technology, learning styles in higher education are being reshaped.
One of the technology developments that has gained considerable attention in recent
years is Augmented Reality (AR), where technology is used to combine overlays of
digital data on physical real-world settings. While AR is being heavily promoted for
entertainment by mobile phone manufacturers it has had little adoption in higher
education due to the upfront investment that an instructor needs to undertake in
creating relevant AR applications. This paper discusses a case study that uses a low
upfront development approach and examines the impact on generation-Z students’
motivation whilst studying design history over a four-semester period. Even though
the upfront investment in creating the AR support was minimal, the results showed a
noticeable increase in student motivation. The approach used in this paper can be
easily transferred to other disciplines and other areas of design education.

augmented reality, motivation, technology

1 Introduction

Many students, especially generation-Z students (those born after 1995) have grown up with tablets
and mobile phones, and have been able to Google anything they want to know, and as a result do
not typically value information for information’s sake. Additionally, due to the rapid advancement in
information technology, learning styles in higher education are being reshaped. This combination of
factors causes challenges for instructors to associate course content to the new learning culture and
make the learning outcomes and activities relevant. There are many papers that refer to the
numerous technological tools that can be used in the classroom to enhance student learning.
However, one of the newest technologies, AR is only now becoming available to teachers due to the
prevalence of ubiquitous computing on mobile phones. These phones are now capable of infusing
virtual information onto the real world, which is beginning to foster a new neomillenial learning
style. The older model of world-to-desktop interface does not have the same psychological
immersive effect as overlaying virtual models into the student’s real world. This immersion can have
an effect beyond the use of high-end computers with associated implications for higher education.

® @@ This work is licensed under a Creative Commons Attribution-NonCommercial-Share Alike
4.0 International License.
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The use of AR and its possible uses in educational settings has attained much research attention in
recent years. AR has been described by (Bronack, 2011) as “Bridging virtual and real worlds, AR
creates a reality that is enhanced and augmented”. As with many technological innovations, it is not
the technology itself that creates a successful intervention, but how the design, implementation and
integration into formal and informal learning settings is administered. New opportunities for
enhancing learning and teaching by utilising AR which allows learners to visualize concepts with the
coexistence of virtual objects and real world environments have been increasingly recognized by
educational researchers. (Klopfer & Squire, 2008a) see AR as providing an experience phenomena
that is not possible in the real world. While (K. D. Squire & Jan, 2007a); (K. Squire & Klopfer, 2007)
highlight the advantages of students being able to “develop important practices and literacies that
cannot be developed and enacted in other technology-enhanced learning environments”.

2 Theoretical basis for AR based pedagogy

Relating to the classroom, (Dede, 2009) describes how students can benefit from AR technologies
when conducting investigations of real-world surroundings by engaging in authentic explorations
using virtual objects such as texts, videos, and pictures. As with other technology enhanced learning
environments, AR systems can help students develop skills and knowledge, however, research has
also shown that the use of AR can enhance learning in a more effective way (El Sayed, Zayed, &
Sharawy, 2011). The use of AR in the classroom naturally supports one of the three types of
interaction needed in education as identified by (Moore, 1989) that of learner-content interaction.
Several authors have highlighted the importance of learner-content interaction to foster cognitive
tasks such as understanding, memory, and imagination among others (Dalgarno & Lee, 2010);
(Neumann & Majoros, 1998). (Sotiriou & Bogner, 2008) state that AR has the ability to increase
student’s motivation and interest seeing an increase in motivation and interest helping students to
develop better investigation skills and gain more accurate knowledge on the topic. Although AR
technologies involve high-end electronics and sophisticated tools, as (Bronack, 2011) argued, these
technologies in themselves should not be the driver, it is more important that AR as a concept rather
than the use of a certain technology should support learning.

2.1 AR possibilities

AR allows for virtual items and sounds to be overlaid into the real physical environment. This can be
in the form of flat images, videos or 3D objects, that can allow the user to inspect the 3D object from
a variety of different perspectives to enhance their understanding (Chen, Chi, Hung, & Kang, 2011).
An example of this was discussed by (Kerawalla, Luckin, Seljeflot, & Woolard, 2006) who described
an example of using 3D AR in teaching astronomy. The AR intervention displayed a virtual 3D
spinning earth to allow students to learn about the earth and sun, and day and night. However, what
was not investigated by Kerawalla et al. was whether the AR 3D learning experience significantly
more beneficial to students than the manipulation of real-world 3D physical models that teachers
traditionally used such as a tennis ball on a sting, a football and a torch.

3 Barriers from technological, pedagogical, and learning issues

Numerous AR systems, and in particular those relating to the teaching of science and mathematics
have been developed and tested through empirical studies often conducted in lab settings. While lab
studies can be insightful, they leave out the complexity of a classroom environment. In addition to
normal teaching, the use of AR as an educational innovation raises a number of intrinsic issues such
as the peculiarities of the learners, and the principles of educational psychology. Innovation within
the classroom can also be hampered by institutional constraints such as the requirement to cover a
certain amount of content within a given time frame (Kerawalla et al., 2006).

In recent years, a number of scholars have also been directing their attention to extrinsic constraints
that are not related to learning theory, but nonetheless shape classroom practices. This could be
physical constraints of the classroom, budgets, time and the requirement to keep a reasonable
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amount of discipline in the classroom. (Dillenbourg & Jermann, 2010); (Moraveji, Morris, Morris,
Czerwinski, & Henry Riche, 2011); (Prieto, Villagra-Sobrino, Jorrin-Abellan, Martinez-Monés, &
Dimitriadis, 2011). These constraints have been referred to as ‘logistics’ of classrooms by (Nussbaum
& Diaz, 2013) that do not correspond to a grand learning theory but to practicalities that, if they are
neglected, may spoil the most effective instructional design.

On first impressions, the use of AR for teaching and learning seems promising, however, some
research has indicated negative effects on learning such as low engagement by teachers. A
perceived barrier has been the inflexibility and large upfront commitment to create AR apps for the
classroom. (Kerawalla et al., 2006) describes how within some AR systems, the content and the
teaching sequence are fixed; teachers are not able to make changes to accommodate students’
needs or to accomplish instructional objectives. (Bergig, Hagbi, El-Sana, & Billinghurst, 2009) suggest
that this issue can be overcome by using authoring tools, or software development kits (SDKs) which
allow teachers and students to revise and create AR activities and applications.

3.1 AR considerations in the History of Design

AR has been described as lending itself well to participatory simulations and more studio-based
teaching methods. The nature of these instructional approaches as described by (Kerawalla et al.,
2006); (K. D. Squire & Jan, 2007b) is quite different from the teacher-centred, delivery-based focus in
conventional teaching methods. The History of Design course, is a traditional lecture based course
that all students studying bachelor level Art and Design majors are required to take. The syllabus
requires as a certain amount of context to be covered within a restricted semester time frame. With
this in mind, there were some concerns regarding the amount of participatory activities that would
be possible within this class due to the institutional constraints.

To try to minimise the challenges students may have encountered by possible cognitive overload the
‘usability’ of the app was very important. In the interaction between a user and the app, this variable
can be estimated by measures of performance, rate of errors, or user satisfaction. The design had to
take into consideration individual constraints such as the student’s previous experience of using AR
apps. The implementation of AR can be more time consuming and more difficult to manage than
presentational instruction (Facer et al., 2004); and has been described by (Klopfer & Squire, 2008a)
as more akin to organising a field trip.

To keep usability high, it was decided to keep the AR interaction to a minimum with images and
animations simply appearing over exiting images. This was to avoid the issues noted by (Dunleavy,
Dede, & Mitchell, 2009) who reported that students often felt overwhelmed and confused when
they were engaged in a multi-user AR simulation because they had to deal with unfamiliar
technologies as well as complex tasks.

4 AR software development kits (SDKs)

There are many development kits available for creating AR applications, offered by small software
companies through to large multinational corporations. In September 2017 during Apple’s keynote
they announced that they were providing developers with a new SDK for i0S11; ARKit that claims to
open up the possibility of developing AR apps for Apple mobiles in a few months compared to
previously a few years. Google on the other hand had been touting their Tango AR platform, but as it
only worked on a couple of smartphones was dropped and they have unveiled ARCore which will
work on millions of Android phones.

It is beyond the scope of this paper to describe each AR SDK'’s capabilities, but a short summary of
some of the main SDKs are shown in table 1. For this paper, the main driver for choosing which SDK
to use was functionality versus the time investment required to create the app. The author
experimented with a number of SDKs and found the Aurasma (“https://www.aurasma.com/,” 2017)
SDK to be the most compatible. Aurasma is currently free and very simple to use. To create an AR
app first a trigger image is uploaded to the online platform. Then an overlay which the instructor
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wants to appear when the student points their mobile at the trigger is selected. This can be an
image, video or 3D model. The only slightly more technical issue is for 3D models as Aurasma
requires a ‘Collada’ formatted 3D model, which can be exported from a number of 3D modelling
packages. The 3D model needs to be packaged inside a '.tar' archive file which is very much like a ".zip
file. The’.tar’ file needs to include the 3D model, textures and a thumbnail. It can also have sounds
added. After the overlay has been selected or created the new trigger images are saved to the
instructors account and are ready to be used. The author found this to be a very straightforward and
a fast process with no advanced technical knowledge required. For the students, they simply need to
download the free Aurasma app and then link to the instructor’s account.

1

Table 1 Some of the most popular AR SDK options.

License Supported platforms Cloud recognition | 3D recognition
Apple ARKit | Free [N X X
ARToolkit Free Open Source Android, i05, Linux,Windows,
macOS
EasyAR Free / Commercial Android, i0S, Windows, X X
macOS
Kudan Free / Commercial Android, i0OS X
Maxst Free / Commercial Android, i0S, Windows, X
macOS
Vuforia Free / Commercial Android, iOS, Windows X X
XZIMG Free / Commercial Android, i0OS, Windows
AR Core Free Android X X
Aurasma Free Android, iOS X

5 Measuring Student motivation

(Keller & Litchfield, 2002) defined motivation in the educational arena as the student’s desire to
engage in a learning environment. The impact of motivation on students’ academic achievements
and learning outcomes have been addressed in several studies. D. Schunk, cited by (Schmidt, 2007)
states that motivation has the potential to influence the what, when, and how of learning, and
increases the likelihood of engaging in activities that will help students to learn and achieve better
performance. (Theall, 1999) supports this motivational influence so that learning strategies that
connect with students’ interests and provide them with opportunities to take an active part in their
instruction can lead to increased engagement, effort, and eventual success. Based on Theall’s
survey, (John M. Keller, 1987) proposes a problem-solving approach to applying motivation to
instructional design called ARCS, which is directly based on four out of six components reported at
M. Theall’s survey: attention, relevance, confidence and satisfaction. The ARCS model was originally
developed as a descriptive model for diagnosing problems associated with learning motivation
(Driscoll, 2005).

Within Keller’'s ARCS model there is a motivational design process. The first step of this process is to
gain and sustain the students’ attention and stimulate their curiosity to learn. The second step
should guarantee that learning activities are aligned with the students’ personal goals and needs in
order to be perceived as relevant. According to Keller’s motivational design process, students should
build confidence by feeling in control and having expectancy for success because the degree of
expectancy achieved will determine the amount of effort students invest to accomplish the
activities. Goal-directed effort will also be influenced by external factors such as teacher enthusiasm,
social values, quality of instruction and availability of resources (J. M. Keller, 2008). Finally, the
students’ cognitive evaluation and the reflection students’ make on their performance will
determine their levels of satisfaction. Adequate levels of satisfaction are needed to help them to
maintain motivation (Rodgers & Withrow-Thorton, 2005).
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Even though each ARCS component plays a significant role in motivating students throughout the
learning process there needs to be some sort of diagnostic tool to determine the final motivational
strengths and weaknesses of instructional design. For this paper’s case study a modified version of
the Instructional Materials Motivation Survey (IMMS) was used. IMMS is an instrument that was
developed to measure learner motivation following the ARCS model (John M. Keller, 2010). The
IMMS is a thirty-six item Likert scale survey measuring the attention, relevance, confidence and
satisfaction components of instructional materials. The survey is particularly relevant for this paper’s
case study as it has been validated and used on several research studies using technology as a
motivational factor in student learning (Bolliger, Supanakorn, & Boggs, 2010); (Wenhao Huang,
Diefes-Dux, Imbrie, Daku, & Kallimani, n.d.); (Rodgers & Withrow-Thorton, 2005).

6 Case study

The study was conducted over a two-year period in the Art and Design department at the American
University of Sharjah (AUS), in the United Arab Emirates. AUS is a is a co-educational institution of
higher education based on the American higher education model being accredited by Middle States
Association of Colleges and Schools in the USA. AUS has 6000 students from nearly 100 countries.

To compare the motivational impact of using the AR app in the case study, the History of Design
course was taught using two different learning scenarios, the first one only used traditional
PowerPoint slides, and the second one incorporated AR technology.

The study was conducted over a two-year period, covering four different student cohorts averaging
50 students per cohort. The student cohort for the History of Design class is made up of mainly Gulf
Cooperation Council (GCC) countries, plus a small number of international students. The History of
Design course uses Meggs’ History of Graphic Design as the main course text book, which has a
distinct Western canon, and covers design history from cave paintings through to the modern day.
The experiment was performed over two specific sessions during the module, which covered the
Industrial Revolution. The AR app intervention was based on module material comprising of
information relating to the development of photography and the moving image. Students were
expected to acquire specific knowledge relating to these developments as well as a general
understanding of the impact of this technology to design.

Due to extrinsic constraints mentioned earlier, the teaching sessions were conducted in the same
tiered auditorium classroom as had been previously used in the PowerPoint based classes. Prior to
the lecture, the students had been asked to download the free Aurasma app to their mobiles and
link to the class folder. During the lecture when an AR intervention had been created, it was
indicated to the students by a small icon on the slide to indicate that an AR app was available. The
AR app was then used to enhance an image with added information in a multimodal fashion,
including text, video and 3D models.

6.1 Interaction

On being prompted the students were very keen to get their mobiles out and try the application.
There was a definite buzz of excitement in the class whilst the students engaged with the images,
videos and models (see figure 1).
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Figure 1 Students interacting with the AR app

Questions posed by the faculty during this period appeared to be more positively responded to.
After the initial excitement and the students had calmed down the lecture continued. It was
interesting to note that their attention appeared to be enhanced as whenever a new slide appeared
with an AR icon they would immediately get out their phones and try the app again. The interaction
with the AR app allowed students to view additional image overlays (see figure 2) or video overlays
(see figure 3). The AR intervention also worked on images from their text book so this encouraged
more collaborative discussions in the lecture as many students shared a text book. A major
advantage of augmenting the text book was the additional interactivity. Students could manipulate
the AR 3D model by rotating the book or tilting the pages to experience the AR content from
different positions (see figure 4). This interaction with the text book appeared to help establish
common ground and served as a discussion point amongst the students.
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Figure 2 Louis Jacques Daguerre’s busy Paris boulevard image with AR overlay highlighting the only person in the image due
to him standing still having his shoe polished.

Figure 3 Eadweard Muybridge plate with AR overlay showing the moving images.
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Figure 4 Using a portrait of Muybridge a 3D model of a camera appears in the AR app

7 Research questions

Providing an AR experience does not necessarily mean that students will be more motivated to
learn. As with any new technology introduced into the classroom, important lessons need to be
learned about how best to use AR in a learning environment.

To analyse the impact of introducing AR apps within the History of Design course on student
motivation a number of research questions needed to be answered:

1. When using AR apps within the teaching material, how motivated are students to use them?

2. Was there a difference in student’s motivation depending on which teaching method was
used?

3. If there were differences, what were they relating to the four areas used for measuring
student motivation?

4. What are the barriers that stop AR being accepted?

8 Procedure

The case study was conducted over a four semester, two-year period. Cohorts in the first and fourth
semester were taught with only traditional PowerPoint slides (C_ppt), whilst the Spring and Fall
semesters, two and three, students were exposed to PowerPoints with the enhanced AR apps (C_ar).
After the module had been completed, the students were handed the IMMS questionnaire to collect
guantitative data. The data was then analysed to compare the paired-samples relating to the
students’ motivation in both the traditional teaching environment and with the AR intervention.
Qualitative data was also collected by surveying students interacting with the AR app. The students
were a mix of sophomore and junior students. Each cohort on average had 50 *- students. Within
the cohorts, the male/female ratio remained on average 80% female.

8.1 Data collection survey and exams
The quantitative questionnaire is a closed-item Likert style questionnaire consisting of four areas
measuring major motivational variables related to instructional materials.
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1. The first area, confidence comprises of nine questions which measure to what degree
students felt they could successfully accomplish the goals and tasks laid out in the class
materials.

2. The second area, attention consists of twelve questions which measure to what degree the
teaching materials initiated and sustained students’ motivation.

3. The third area, satisfaction comprises of six questions which measure to what degree
students felt that they had accomplished a task and the inherent appeal of the teaching
materials.

4. The fourth area, relevance consists of nine questions which measure the perceived value
and usefulness of the materials to the students.

9 Scoring

The IMMS survey was scored for each of the four sub areas and the total scale score (see Table 2).
The IMMS survey has a Likert scale of 1 to 5 so the maximum score is 180 and a minimum is 36, with
a midpoint of 108. The minimums, maximums, and midpoints for each sub area vary because they
do not all have the same number of items. For each sub area, the mean was calculated by dividing
the total score on a given scale by the number of items in that scale. This allows for the scores to
range from 1 to 5 making it easier to compare responses on each of the sub areas. There are a
number of questions that are stated in a negative manner so for these to become relevant they
needed to be reversed.

Table 2 Statistics for the four motivation sub areas.

C_ppt SD1 C_ar SD2 Difference
Attention 3.26 0.57 4.02 0.71 0.76**
Confidence | 3.54 0.72 3.74 0.77 0.20%**
Relevance 3.51 0.55 3.66 0.56 0.15*
Satisfaction | 3.19 0.80 3.77 0.72 0.58**
Likert Mean 3.38 0.66 3.80 0.69 0.03

*significant at p>0.05; **significant at p<0.05

9.1 Research question 1:
When using AR apps within the teaching material, how motivated are students to use them?

Table 2 displays descriptive statistics for the four motivation areas comparing the C_ppt to the C_ar.
The highest mean scores were generated by the attention scale (M 4.02) and the satisfaction area
(M 3.77). The lowest mean value was obtained by the satisfaction area (M 3.19).

Analyzing the attention questions as shown in Table 3 the highest mean score was for question 8 ‘AR
technology is attention-grabbing’. From the students surveyed who experienced the C_ar, 82% of
the students indicated that they thought it was mostly true or very true. Similar responses were for
guestion 17, that ‘The way the information is arranged using this technology helped keep my
attention’ with 74% students indicating it was true or very true.

The AR app was also an attention grabber, with 78% of students indicating that it was true or very
true that there was something interesting at the beginning of the C_ar lesson that caught the
students’ attention (question 2).
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Table 3 Mean scores and standard deviations for questions relating to Attention.

M SD
There was something interesting at the beginning of the AR lesson that caught my
2 attention 4.16 1.35
8 AR technology is attention-grabbing 4.47 1.29
11 The quality of the AR material helped to hold my attention 4.13 1.3
12 The material is so abstract that it was hard to keep my attention on it (Reversed) 3.88 1.44
The images, videos and text that | discovered through the lesson are unappealing
15 (Reversed) 3.94 1.51
The way the information is arranged using this technology helped keep my
17 attention 4.28 1.44
20 The information discovered through the experience stimulated my curiosity 3.83 1.37
22 The amount of repetition of the activities made me feel bored (Reversed) 3.8 1.64
24 | learned some things from the AR that were surprising or unexpected 3.75 1.42
28 The variety of audio visual material helped keep my attention on the lesson 3.81 1.13
29 The audio visual material is boring (Reversed) 4.05 1.42
31 There is so much content that it is irritating (Reversed) 3.77 1.5
Table 4 Mean scores and standard deviations for questions relating to Confidence.
M SD
When | first looked at the lesson, | had the impression that it would be easy for
1 me 3.9 1.35
This material was more difficult to understand than | would like for it to be
3 (Reverse) 4.37 1.45
After the introductory information, | felt confident that | knew what | was
4 supposed to learn from this lesson 3.46 1.13
The information that | was exploring was so much that it was hard to remember
7 the important points (Reverse) 3.8 1.39
13 As | worked on this lesson, | was confident that | could learn the content 4 1.54
It was difficult to discover the digital information associated with the real image
19 (Reverse) 3.86 1.58
After working on this lesson for a while, | was confident that | would be able to
25 pass a test on it 3.67 1.3
34 | could not really understand quite a bit of the material in this lesson (Reverse) 3.78 1.55
The good organization of the material helped me be confident that | would learn
35 this material 3.93 1.61

The highest scores in the confidence sub area indicated that “the subject matter was more difficult
to understand than | would like for it to be” (Reverse) question 3. Fortunately, the organization of
the material had 96% of the student’s surveyed indicating that it was mostly true or very true that
the good organization of the material helped them feel confident that they would learn this lesson
(item 35).
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Table 5 Mean scores and standard deviations for questions relating to Satisfaction.

M SD
Completing the exercises in this lesson gave me a satisfying feeling of
5 accomplishment 3.23 1.32
14 | enjoyed this lesson so much that | would like to know more about this topic 3.56 1.33
21 | really enjoyed studying this lesson 3.69 1.23
The wording of feedback after the exercises, or of other comments in this lesson,
27 helped me feel rewarded for my effort 3.37 1.32
32 It felt good to successfully complete this lesson 3.46 1.19
36 It was a pleasure to work on such a well-designed lesson 3.42 1.16

The highest mean score was generated by question 21, where the students enjoyed studying the
lesson. 83% of the students indicated that it was mostly true or very true, this was also shown with
the amount of extra ‘chatter’ and responses happening in the class.

Finally, the lowest rated motivation factor is the relevance sub area.

Table 6 Mean scores and standard deviations for questions relating to Relevance.

M SD
6 It is clear to me how the content of this material is related to things | already know | 3.31 1.23
There were images, videos and texts that showed me how this material could be
9 important to some people 3.27 1.32
10 Completing this lesson successfully was important to me 3.23 1.08
16 The content of this material is relevant to my interests 3.16 1.18
18 There are explanations or examples of how people use the knowledge in this lesson | 2.77 1.29
The content and the audio visual material in this lesson convey the impression that
23 its content is worth knowing 3.41 1.08
This lesson was not relevant to my needs because | already knew most of it
26 (Reversed) 3.3 1.25
| could relate the content of this lesson to things | have seen, done, or thought
30 about in my own life 2.91 1.33
33 The content of this lesson will be useful to me 3.17 1.15

The two lowest mean scores were for questions 18 and 30, it does not appear that the use of AR
apps was the cause of these low scores. There was only a low response to questions 6 and 30 where
they could relate the information from the Industrial Revolution to things they already know, or
relate to things they have seen of done in their own lives, which considering the GCC background of
the students is not surprising.

9.2 Research question 2:
Was there a difference in student’s motivation depending on which teaching method was used?

Analysing the IMMS survey, the mean score for overall motivation for C_ppt was 123 in a range from
94 to 152 and for C_ar the mean rating was 136, in a range from 102 to 170 showing a higher mean
motivation.

In addition to the overall range of motivation, a paired-sample mean-test was conducted to compare

motivation through the IMMS Likert scales. The results showed that for the C_ar the mean for
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motivation was M3.80 compared to M3.38, (SD M0.66 and M0.69), the t-test resulted in a statistical
significance of p<0.05.

9.3 Research question 3:
If there were differences, what were they relating to the four areas used for measuring student
motivation?

As can be seen in table 2, for all four subscales the C_ar had higher mean scores than the standard
C_ppt. For C_ppt all the subscales had a mean below 3.6, whilst for C_ar they were all above 3.6. The
highest difference between mean scores was for the attention with a difference of 0.76.

The impact on the attention of students has been noted by (Dalgarno & Lee, 2010); (Dickey, 2005)
who predicted this affordance when students work with emerging technologies such as Virtual
Reality and AR. This improved satisfaction perception could also be tied to the active participation
discovering new information whilst using the AR app.

The lowest difference was for relevance with a difference of 0.15. As the AR app apparently did not
make an impression on the relevance factor. Further information on relevance would need to be
gathered through questionnaires.

9.4 Research question 4:
What are the barriers that stop AR being accepted?

Beyond the IMMS survey, this research also wanted to gather some information relating to the
difficulties or barriers regarding how easily accepted AR technology is in learning environments?

Students had been asked to download the Aurasma app before coming to class. The majority of
students had complied with this request, a few downloaded during the explanation of how to use
the app. The only slight stumbling block was linking to the History of Design markers, but as most of
the students had done this before class they were able to show their colleagues. When the AR
graphic indicator was shown to them the students swiftly operated the app and engaged with the
images, 3D objects and videos. The only unexpected reaction was the number of students who stood
up or came closer to the screen to get a better view of the projected image. After the first use,
students were looking out for the graphic indicator and also tried the app on additional images in
their text book, ‘just in case’. This interaction soon created a collaborative interconnection between
students showing others if they found additional images to use the app on.

The comments from the students support the premise that the AR app was easy and enjoyable to
use. The small technical issues were not found to be serious enough to have an effect on the
students’ enthusiasm to complete the learning activities whilst using the AR apps. A selection of the
comments from the qualitative survey are shown below:

“It was fun”

“I really liked looking out for the App indicator”
“it was very easy to use”

“Made history less boring”

“I liked the 3D models and videos”

“All classes should have this”
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Lastly, the students indicated an interest in using the Aurasma app in other classes.
“This would be great for my other classes”
“Professor can you show me how to use this for my Interior Design class?”
“I’'m going to show my friends”

9.5 Considerations on how the study was conducted

All the sessions followed the same pedagogical structure and students received similar learning
contents. However, it is worth considering the delivery and content of the course material in order
to identify any potential factors that could have biased either of the cohorts.

The attention sub area shows a positive interest from the students towards the activities undertaken
in the classes. As both cohorts had the same content and information delivered in the same order,
neither the content or order of the sessions can be seen a determining factor in the results.

The introduction of the AR app had an advantage over the PowerPoint sessions, grabbing the
students’ attention and allowing an additional multimodal interaction with the contents of the class.
The quantitative and qualitative data both show that the AR app had an impact on the students’
motivation. However, the use of AR may have had an impact on the confidence sub area, as students
indicated that they were more confident in what they had learnt in the AR app sessions. This may be
due to the fact that the AR app interaction appeared to be easier to remember when students were
asked, than the PowerPoint slides.

On the flip side the satisfaction sub area could be argued that it should have been more favourable
for the PowerPoint slide sessions as this is something the students are very used to and comfortable
with. The AR app on the other hand was a new learning environment requiring the use of an
unknown technology. With this in mind it was reassuring to see that the usability study showed that
students had very few issues or problems.

Analysing the relevance sub areas on how well the two courses met the students’ needs and goals,
there did not appear to be any significant data either quantitatively or qualitatively that suggested
there was any change in student’s perception of the relevance of the course. This was the only
motivational score that had a p value of more than 0.05. This is not particularly surprising as History
of Design is a required course and not necessarily aligned with the students’ own interests. If it was
it may not need to be a required course.

10 Conclusions and future work

The goal of this study was to compare design students’ motivational responses to traditional
PowerPoint instructional materials against AR enhanced materials. The analyses and discussions
show that there was a clear improvement in attention and satisfaction motivation factors when
using the AR app. These results were also supported by a qualitative study where students stated
that the enjoyed using the AR app and found it easier to remember details compared to PowerPoint
slides.

The enhancement of memorisation and comprehension was supported by the results from the end
of semester exams which showed a statistical impact for the questions relating to the Industrial
Revolution. For the AR app, exam results showed an average 74% success rate in answering the
guestions correctly, compared to the PowerPoint lessons where the correct answers were only 65%
correct. Within History of Design, summative exams make up the majority of the course, so this
significant difference is an important factor in improved student results, but arguably more
important is that this improvement in comprehension and memory starts to give some sort of insight
into how to create a more student-centred course.

Much has been written about the different ways in which people learn. (Fleming, 1995) uses a
‘VARK’ model of learning that identifies four overlapping dimensions, visual, auditory, read-write and
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kinaesthetic. With this in mind, and due to the multimodal interactions whilst using the AR app it is
the author’s belief that the interactive capabilities of the AR app helped the students to maintain
higher levels of attention and interest in the content of the course. Due to the preliminary nature of
this study, the findings discussed require further inquiry to substantiate the findings. It would also be
advisable to undertake further longer-term studies to irradiate the possible novelty aspect.

10.1 Low upfront AR design for the general public

As the upfront investment to create the AR app was minimal it would also be beneficial to
investigate where AR technology can provide greater benefits to other areas of design for the
general public. With the increasing availability of broadband internet and the proliferation of
connected smart products, there will be a substantial amount of real-time public and private based
data that can be leveraged through the use of AR. For example in the UAE where this experiment
took place, the Dubai government in 2013 announced a project to transform Dubai into a ‘smart
city’. Their aim is to unleash the greatest value from public and private data. Using low upfront
development such as the one described in this paper, AR has the potential to be proliferated and
used as a visual portal to overlay data information in the public realm. Through the use of AR,
location specific information can be enhanced in a new and engaging way, adding enormous value to
the prospect of data being a true public asset and resource.
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