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Programming as a New Creative Material
in Art and Design Education

Stephanie Hoebeke, Ingri Strand and Peter Haakonsen

The purpose of this study was to look at whether programming should be introduced as a new material
in Art and crafts education in Norway. Programming has here been linked to creative coding, where it
is classified as a new creative material whose purpose is to create something expressive rather than
functional. The empirical data was gathered through four semi-structured interviews. The participants
were chosen through purposive sampling, based on their knowledge of programming in either art or in
Art and crafts education. The result showed that pupils should be taught the particularities of each
material, also when it comes to programming. Programming as a material was also described as
relevant, accessible, and important for pupils’ everyday lives. However, the fields’ attitudes also show
a resistance against ICT and teachers are more focused on developing pupils’ skills in traditional
material and craftsmanship and tactile experiences. Thus, it may be seen as a contradiction to introduce
programming as a material, especially when creating digital expressions. At the same time,
programming in Art and crafts have potential as a tool for in-depth learning and creative problem
solving.
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Introduction

The rapid development of technology is something that affects most disciplines in one way or another.
This has also been the case in art and design, where new fields have been created by new technology,
such as game development, interactive media, multimedia and web development. Technology as a
subject has long been discussed in school curriculum. Sanne et al. (2016) states that digital technology
is such a central part of both technology and today's society that schools must describe and provide a
clearer space for digital technology and programming. Discussions about programming in schools, also
related to art subjects, have had an impact on curriculums. Programming is an explicit part of the Art
and crafts subject in the Norwegian curriculum implemented in 2020-2021.

This paper is based on a study that aimed to find causal explanations to why programming should be
implemented in the Norwegian subject of Arts and crafts. It builds upon data from four research
interviews conducted in the autumn of 2018. The study showed that computational thinking and
programming has much to offer to art and design education. Programming can teach pupils in-depth
learning about key concepts in Art and crafts and the algorithmic components in the subject.
Programming can also broaden the knowledge of and skills in different materials and provide the
opportunity for the student to learn complex design concepts with interaction. The study also found that
education should relate to the pupils' everyday life and that programming could give such an
opportunity, that programming is a sought-after skill and that pupils should learn to critically create in
a democratic way. In this article we will highlight and discuss the knowledge of different material and
relating the Art and crafts subject to the pupil's everyday life.
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Programming interpreted through art

Aaron D. Knochel og Ryan M. Patton, scientists in new media in art education, claim that pupils should
work creatively with coding and electronics, in order to experience new materials within art as well as
developing a critical attitude in creating with technology. They argue that ‘Coding is not only a technical
practice or a series of steps to implement mathematical algorithms, but rather a process of design
informed through social, political, and cultural frameworks’ (Knochel & Patton, 2015, s. 28). The same
ideas are also represented in arguments about changing STEM to STEAM. Georgette Yakman (2008),
a founder and researcher behind STEAM, defines STEAM: ‘Science and Technology, interpreted
through Engineering and the Arts, all based in a language of Mathematics’ (Yakman, 2008, s. 18). This
builds upon the idea that technology and programming should be seen in a context, such as art
education.

Associate professor Jon Hoem teaches and researches new digital media at Western Norway University
of Applied Sciences (HVL). He argues that programming is more than STEM (Hoem, 2017a; 2017b), it
is also a craft and a means of expression, and refers to the term meaningware. While software and
hardware can be difficult to place anywhere else than in the field of science, as soon as they are used for
something, we must start talking about meaningware.

At the Art and crafts conference in 2017, Torgeir Waterhouse, director of Internet and new media in
ICT-Norway, suggested Arts and Crafts as the most important subject when it comes to technology
(Waterhouse, personal communication, 27. January 2017). This is because the subject provides expertise
in the meeting between technology and people. Technological development also requires an
understanding of e.g. design, communication, colour and visual communication, according to
Waterhouse. Technology is often associated with design in the Norwegian primary school, but still
programming, computational thinking and coding might get more attention in the science subjects, rather
than in practical-aesthetic subjects. The question then becomes, which position should it have in art
education?

Creative coding

Some projects have used creative activities to teach programming, with a goal to create physical objects
with integrated technology and programming, or animations and video games based on programming.
Research shows that students often have a positive experience of a creative framework and that it is a
good way to promote and teach programming (Adams, 2007; Burke & Kafai, 2010; Giannakos, Jaccheri
& Proto 2013; Knobelsdorf & Romeike, 2008; Lau, Nagai, Chan & Cheung, 2009;). Such an approach
can nevertheless be said to be using the subject as a framework for learning programming, and not
learning programming on the subject's premise

There are branches within today's art institution where programming has become part of the
development of artwork. Creative coding is a term that is often used in the context of art. There are also
several articles describing how creative coding has been used in art-related teaching, or why it should
be part of art education (Greenberg, Kumar & Xu, 2012; Knochel & Patton, 2015; Peppler & Kafai,
2009). When talking about creative coding, programming is often referred to as a new material whose
purpose is to create something expressive rather than functional (Artut, 2017; Knochel & Patton, 2015;
Maeda, 2000; Reas & Fry, 2006;)
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The development in art and art education

The development of art after the modern period is strongly linked to the development of the latest
technology, according to Selcuk Artut (2017), artist in new media. He questions whether current art
education should have technology as part of the education. Artut concludes that programming should be
implemented as a new material for creating art in teaching. Kylie Peppler, associate professor of
computer science and education, and Yasmin B. Kafai, researcher on programming in design-related
topics and one of the early developers of the programming language Scratch, believes that art education
at the elementary school has not followed the evolution of contemporary art practice. They write:

(...) multimedia design, particularly that which uses Adobe Photoshop and Hyperstudio software, have been
taken as the main artistic expressions of digital media in primary and secondary educational settings,
whereas professional artists are using advanced programming to manipulate and create digital expressions.
If there is any movement in education, it has not paralleled the developments in professional art. (Peppler
& Kafai, 2009, p. 1).

The field’s attitudes also show a resistance against ICT and that teachers are more focused on developing
pupils’ skills in traditional materials, craftsmanship and tactile experiences (Strand & Nielsen, 2018).

Method

Four semi-structured interviews (Brinkmann & Kvale, 2015) were conducted in October-December
2018. One via e-mail and GoogleDocs, where the informant got the questions on e-mail and replied
through GoogleDocs, where he also got follow-up questions. The other three interviews were conducted
in person, recorded and later transcribed. For the purpose of this paper, transcriptions have been
translated from Norwegian to English by the main author. All interviews were based on an interview
guide, but some of the questions were customized each informant’s expertise. The questions dealt with
whether programming should be implemented in primary school and, if so, whether it has a place in arts
and crafts. Questions were also asked about why the informants thought or did not think that
programming should become part of the subject and what role it should play.

Semi-structured interviews were chosen because of the opportunity to ask open-ended questions, to
which the informants could choose the direction of their answer, as well as the possibility to ask follow-
up questions (Brinkmann & Kvale, 2015). Possible consequences of interviewing one informant via
text-media were that the answers were less detailed and nuanced, but at the same time they might have
gotten more precise, as he got time to think and reflect on the questions.

The participants were chosen through purposive sampling (Bryman, 2016) based on their knowledge of
programming in either art or in Art and crafts education. There are two reasons why the informants were
not anonymized. First, the informants' knowledge and position will have a bearing on the credibility of
the study and the answers. Secondly, at the time of the study there were few people in Norway with
knowledge about programming, primary school and Arts and crafts, and on this basis, it could be
difficult to anonymize. With the consent of each informant, as well as an approval from the Norwegian
Centre For Research Data, table 1 presents their names, profession, experiences and education at the
time the interviews were conducted.
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Table 1: Information about the participant in the study (2019)

Participants’ name | Description of background, in relation to programming and Art and craft

Anette Seip Teacher in Art and crafts and the elective subjects Programming and Work-related
training, with a Master’s degree in Design, art and crafts. She has worked as a teacher
since 2013 and is also an initiator of the school’s Makerspace.

Roger Antonsen Associate professor at the Department of Informatics, University of Oslo and guest lecturer
at UC Berkeley, California. He has written the book “Logical Methods” as well as the
writer of a recurring column about mathematics and pattern in the Norwegian national
newspaper Aftenposten.

He has worked on several projects concerning mathematics, informatics, philosophy and
art, such as the YouTube-series “Magiske menstre” [Magical Patterns].

As an artist he creates art based on mathematical structures through programming. His art
has e.g. been shown at Catharine Clark Gallery in San Francisco in 2019.

Liv Klakegg Head of studies and lecturer at the Department of Art, Design and Drama, Oslo
Dahlin Metropolitan University.

On behalf of the Directorate of Education, she has led the work on developing core
elements in the Artand crafts subject and is now leading the work on the new curriculum
reform in Art and crafts. She has also written several books on technology and design, as
well as digital media in school.

Jon @yvind Hoem | Associate professor at the Department of Arts Education, Western Norway University of
Applied Sciences. He has a ph.d. in ICT and learning and does research on robot-assisted
teaching, spherical media, exploration of interactive installation art and the use of mobile
technology.

Hoem has also written about programming and Art and crafts on the Western Norway
University of Applied Sciences’ blog.

The study was conducted from the perspective of critical realism (Bhaskar, 2008). Within this paradigm,
there are no specific guidelines for analyzing empirical data, nor was programming in Art and crafts a
much-explored field. On this basis, a grounded approach was chosen instead of sorting the empirical
data into an existing framework (Bygstad & Munkvold, 2011). The analysis started by marking
interesting and relevant sentences from the transcribed interview in Microsoft Word. These sentences
were accordingly sorted in different categories, where the answers had something in common. The
categories may have been influenced by the interview guide and reflections made on the basis of the
theory. The six categories that emerged from the analysis were: a) programming could actualize arts and
crafts, b) it can create awareness about the technology students use every day, c) to gain experience with
a design process where technology is part of the product, d) gain an understanding of the uniqueness of
different materials, e) get competence in interdisciplinarity and f) that combining programming with art
and design can contribute to a positive development for programming. In the analysis, possible limiting
factors that may make implementing programming in Arts and crafts difficult were also found. These
were that the field has a different focus and a lack of competence, that it can contribute to more electronic
littering, that equipment and competence will cost a lot and that something else must be taken out of the
subject, but as mentioned in the introduction, this is not the focus of the paper and will not be presented
to a greater extent. In this paper, categories b) and d) will be presented and discussed.
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Results

As mentioned above, the analysis showed several categories. We will present the findings that
programming can lead to a greater understanding of what a material is in arts and crafts, but also that
the subject must relate to the students' everyday life and that programming can provide such a platform

The uniqueness of programming as a material

In this category, data were collected which indicated that programming could be seen as a separate
material. In the subject of Art and crafts, material knowledge and understanding is valued, and it is
important to facilitate that pupils gain insight into different materials. The informants still had different
views on what they saw as programming's uniqueness linked to the subject. In the interview, Roger
Antonsen links programming both to the fact that programming can be a distinctive tool for exploring
patterns and forms, but also that it is a unique way of expressing oneself. When Antonsen talks about
programming as a tool or material for expressing oneself, he talks about speed and number of operations,
as well as parameterization and finding constants. He is interested in each tool’s unique nature, and that
is something the pupils should learn. He also emphasizes that it is when the computer can help us do
something more, it becomes interesting to use a computer and possibly programming. Antonsen also
adds another dimension to the distinctiveness of programming, namely generative mechanisms and
procedural processes. Jon @yvind Hoem focuses less on the peculiarities of programming but
emphasizes that it is a good tool for making audio-visual expressions. Audio-visual expressions, as we
understand it, can be e.g. games and animation. Both Hoem and Antonsen say that if something can be
solved without programming, there is no point in using programming.

Programming makes it possible to create objects with integrated technology and give pupils the
opportunity to work on tasks where they need to think about form and function. When the informants
talk about function, they mention, among other things, interaction, mobility, sensors or other
technological functions. This is mainly where the focus of Hoem, Liv Klakegg Dahlin and Anette Seip
lies when they talk about what pupils should do with programming. Although they give examples on
working within visual representations, they mainly talk about physical products with programmed parts.
Here, emphasis is placed on physical artefacts with which it is possible to interact or physical objects
that have mobility. When it comes to interaction, sensors are cited as an example, and both Dahlin and
Seip link it to e-textiles.

Updating Arts and crafts education and relating it to students’ everyday lives

Based on three of the informants' opinions, programming has an opportunity to make Art and crafts
more current, link the subject to the everyday life of the students and that outsiders may see the relevance
of the subject to a greater extent. Both Hoem and Dahlin emphasize that the pupils must meet technology
in school that they will later meet in working life. They are also aware that Art and Crafts may focus too
much on tradition, with Hoem adding that it might decrease the subject’s value in society later. Hoem
and Seip mention that programming might capture the attention of more students and relate the teaching
to the students' everyday lives. Seip says:

You can catch an entire class who may either get bored in the subject, or feel that they are not getting
enough challenges, or do not like the traditional techniques. [Pupils] feel more met at their level because
we are working on something that is related to what they are doing. I1f we create a computer game, they will
automatically think 'Oh! I do this at home, the teacher understands me, she is not just an old person.

Hoem says he is not concerned about which materials the pupils should use in art and design education,
as long as they are able to create something based on their own ideas and needs. It may seemas if Hoem
thinks it is important to teach pupils processes and techniques in how to create, instead of focusing on
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which materials or tools they use. Hoem believes it may be desirable to relate the tools and materials to
pupils' everyday lives. Here he also points out that much is changing around the pupils, saying ‘children
and young people create with digital tools and Art and Crafts must seize this’.

Discussion

Art and crafts is a subject that emphasizes knowledge and skills in various materials and tools. As
Antonsen states in his interview, programming can be seen as a material to create with. As mentioned
before, programming in Art and crafts can be understood as a material whose purpose is to create
something expressive rather than functional (Artut, 2017; Knochel & Patton, 2015; Maeda, 2000; Reas
& Fry, 2006). Antonsen illustrates that it is important that pupils get to know the particularities of each
material. Having pupils develop knowledge and skills in different materials can help them make
decisions about which materials are most appropriate to use for different tasks. In the interviews,
Antonsen emphasizes the creation of expressions that require many operations and speed, but also the
creation of expressions with embedded structures, such as patterns. Hoem aims instead at programming
well suited to create audio-visual expressions. One idea that the informants have in common, especially
Hoem and Seip, is to provide pupils with craftsmanship from materials that are relevant, accessible and
important to their lives. In this context, the informants mention that programming and technology can
be examples of such materials. Knochel and Patton (2015) also elucidate this by saying (...) we believe
students would derive deeper understanding across disciplines and mediums by learning to code as part
of their artistic practice’ (Knochel & Patton, 2015, p. 26). In a world that increasingly incorporates
technology and is guided by algorithms, pupils must also become aware of this. On the other hand, the
study also showed that implementing programming in Art and crafts education, especially within digital
products, can present problems. Teachers in the Art and crafts subject have tended to focus on traditional
materials where the pupils get tactile experiences (Ottestad, et al., 2014; Olsen, 2014; Strand & Nielsen,
2018). For that reason, it may be necessary with a different introduction to programming in arts
education. One of the strengths of programming may be, as Seip says, that practical tasks can get a
technological twist. With this approach, the idea that the subject should be tactile will still be taken care
of.

Programming in Art and crafts may also include using programming in physical products. Hoem, Seip
and Dahlin illustrate that an understanding of design, aesthetic sense, and product development are
important when programming and that technology are integral parts of a physical product. We think
programming can offer a greater focus on technological interaction within physical products. This is an
important element of programming, using sensors that capture interaction such as position, orientation,
movement, touch, light and sound. This also means that pupils must reflect on how the user or participant
interacts with the product or with the artwork. This is already an important part of design, but one can
still argue that technology opens up a new aspect to this, where the algorithms help determine the
interaction. Programming can also contribute to an increased focus on interaction when it comes to art.
An important factor for modern art and art practice is to look at the meeting between a work of art and
a viewer as a participation. Aesthetic theory includes that one should become active viewers and co-
creators, but also that the artwork should lead to active and physical participation (Bishop, 2006). Based
on our reflections, programming and technology can be a tool to achieve this in art and design education.
Children and youths will face a more complex world, so they must gain knowledge of working within a
complex design process where technological interaction is part of the design or art concept.

238
Techne Series A: 28(2), 2021 233-240



PATT38 Rauma, Finland 2021 — Section VI
Learning in Projects and Programming & Case Studies: Models and Concepts

References

Adams. J. (2007, March). Alice, Middle-Schoolers, & The Imaginary Worlds Camps. Proceeding at the 38th
SIGCSE technical symposium on Computer science education (SIGCSE '07). New York, NY, USA.
https://doi.org/10.1145/1227504.1227418

Artut, S. (2017) Incorporation of computational creativity in arts education: Creative coding as an art course.
SHS Web of Conferences, 37, 01028. http://dx.doi.org/10.1051/shsconf/20173701028

Bhaskar, R. (2008). A realist theory of science. Routledge.

Bishop, C. (2006). Participation. Whitechapel Gallery

Bryman, A. (2016). Social Research Methods (5 Ed.). Oxford University Press.

Bygstad, B. & Munkvold, B. E. (2011, June). In Search of mechanisms. Conducting a Critical realist Data
Analysis. Proceeding at the 32nd International Conference on Information Systems (ICIS). Shanghai, China.
https://aisel.aisnet.org/icis2011/proceedings/researchmethods/7

Burke, Q. & Kafai, Y. B. (2010, June). Programming & Storytelling: Opportunities for learning About Coding &
Composition. Proceeding at the 9th International Conference on Interaction Design and Children.
Barcelona, Spain. https://doi.org/10.1145/1810543.1810611

Giannakos, M. N., Jaccheri, L. & Proto, R. (2013, April). Teaching Computer Science to Young Children
through Creativity: Lessons Learned from the Case of Norway. Proceeding at the Computer Science
Education Research Conference (CSERC ’13), Arnhem, Nijmegen, The Netherlands.
https://dl.acm.org/doi/10.5555/2541917.2541927

Greenberg, 1., Kumar, D. & Xu, D. (2012, February). Creative coding and visual portfolios for CS1. Proceeding
at The 43rd ACM technical symposium on Computer Science Education, Raleigh, North Carolina, USA.
https://doi.org/10.1145/2157136.2157214

Hoem, J. @. (20174, 22. October). Barn og koding — ikke bare realfag [Kids and coding - not only science][Blog
post]. HVL-bloggen [Western Norway University of Applied Sciences’ blog]
https://blogg. hvl.no/ikti utdanning/2017/10/22/barn-koding-realfag/

Hoem J. @. (2017b, 13. November). Generativ kunst og tankefullt handverk [Generativ art and thoughtful
craftsmanship][Blog post]. HVL-bloggen [Western Norway University of Applied Sciences’ blog]
https://blogg. hvl.no/ikti utdanning/2017/11/13/generativ-kunst/

Knochel, A. & Patton, R. (2015). If Art Education Then Critical Digital Making: Computational Thinking and
Creative Code. Studies in Art Education, 57(1), 21-38. https://doi.org/10.1080/00393541.2015.11666280
Knobelsdorf, M. & Romeike. R. (2008, June-July). Creativity as a pathway to computer science. Proceeding at
the 13™ annual conference on Innovation and technology in computer science education (ITiCSE "08). New

York, NY, USA. https://doi.org/10.1145/1384271.1384347

Kvale, S. & Brinkmann, S. (2015). Det kvalitative forskningsintervjuet [The qualitative research interview]. (3
Ed). Gyldendal akademisk

Lau, W. W. Y., Ngai, G., Chan, S. C. F. & Cheung, J. C. Y. (2009). Learning programming through fashion and
design: a pilot summer course in wearable computing for middle school students. ACM SIGCSE Bulletin,
41(1), 504-508. https://doi.org/10.1145/1539024.1509041

Maeda, J. (2000). Maeda @media. Thames & Hudson Ltd.

Ottestad, G., Throndsen, I., Hatlevik, O. & Rohatgi, A. (2014). Digitale ferdigheter for alle? Norske resultater
fra ICILS 2013 [Digital skills for everyone? Norwegian results from ICILS 2013]. Retrieved from
https://www.uv.uio.no/ils/forskning/aktuelt/aktuelle-saker/2014/icils-rapport-trykk25.11.pdf

Olsen, I. O. (2014). Digital kompetanse i kunst og handverk - En kvalitativ kasusstudie av fire leereres
posisjoneringer [Digital competence in arts and crafts - A qualitative case study of four teachers'
positionings] [Master’s thesis, Oslo and Akershus University College of Applied Sciences]. ODA Open
Digital Archive http://hdl.handle.net/10642/2088

Peppler, K. A. & Kafai, Y. B. (2009, June). Coding: Programming for Personal Expression. Proceeding at the
8th International Conference on Computer Supported Collaborative Learning (CSCL). Rhodes, Greece.
https://download.scratch. mit.edu/CreativeCoding.pdf

Reas, C., & Fry, B. (2006). Processing: programming for the media arts. Al & SOCIETY, 20(4), 526-538.
https://doi.org/10.1007/s00146-006-0050-9

239
Techne Series A: 28(2), 2021 233-240



PATT38 Rauma, Finland 2021 — Section VI
Learning in Projects and Programming & Case Studies: Models and Concepts

Sanne, A., Berge, O., Bungum, B., Jgrgensen, E. C., Kluge, A., Kristensen, T. E., Marken, K. M., Svorkmo, A.-
G. & Voll, L. O. (2016). Teknologi og programmering for alle — En faggjennomgang med forslag til endring
i grunnopplaringen [Technology and programming for all - A subject review with proposals for changes in
basic education]. https://www.udir.no/globalassets/filer/tall-og-forskning/forskningsrapporter/teknologi-og-
programmering-for-alle.pdf

Strand, | & Nielsen, L. M. (2018). Combining Craft and Digital Tools in Design Education for the General
Public. Storni, Cristiano; Leahy, Keelin; McMahon, Muireann; Lloyd, Peter; Bohemia, Erik (Red.).
Proceedings of DRS 2018. Volume 7. Section 23. pp. 2689-2700. Design Research Society.
https://www.designresearchsociety.org/down/eJwFWQEKgCAMAMAXbSoKsn6zZqMoU90g6PXd7e7TIhD
SuESzfhwtl3fIxs2voYwe Yt VCilsqRY0sRFQJIHKopK3kIQUZ9Mf2FQYjg==/DRS2018_Volume_7.pdf

Yakman, G. (2008). ST=@M education: An overview of creating a model of integrative education.
[Presentation]. Pupils' Attitudes Towards Technology (PATT-19). ITEEA Conference, Salt Lake City, Utah,
USA. https://www.iteea.org/File.aspx?id=86752&v=75ab076a

Stephanie Hoebeke is currently working as a teacher at Vollebekk school. She is educated as lector of
Art and crafts from Oslo Metropolitan University and has education within mathematics and science
from Western Norway University of Applied Sciences. In her master's thesis she researched
programming related to art and design. Hoebeke has a special interest in the connection between arts
and crafts, mathematics, technology and science.

Ingri Strand is a PhD-fellow at Oslo Metropolitan University, researching the use of Virtual Reality
(VR) in design processes. She also teaches and supervises students at the Master's Programme in Visual
and Performing Arts, and has previously taught Design in college and Art and crafts in primary school.
Strand has a special interest in the use of technology and digital tools in art and design education.

Peter Haakonsen is an assistant professor at The Department of Art, Design and Drama at Oslo
Metropolitan University. He teaches in digital media at several of the department's programs, mainly
the teacher training program in Design, Art and Crafts. He teaches within digital design software in 2D
and 3D as well as basic programming of visual expressions. His research involves programming and
makerspace in education.

240
Techne Series A: 28(2), 2021 233-240



