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Foreword

The following 3D Digital Modelling in Visual Arts Education forms part of the Tilde series
and is based on collaboration in a project involving Aalborg University and College Univer-
sity Copenhagen (Denmark), the University of Gothenburg and Umed University (Sweden).
The project’s aim was to explore the learning potential held by 3D sculpting for art teachers
by identifying new image-making processes in modelling and sculpting. Another aim was
to integrate the project’s outcome in didactics and teaching activities for teacher educators
in visual arts connected to the subject area.

The project was financed by EDDA Norden during 2021 and several seminars were
arranged to present research in the subject area visual arts, 3D modelling, and use of tech-
nology. The results may be of particular interest to a wider audience in the research fields of
visual arts education, multimodal learning designs, and teacher education. The publication
is based on presentations made at Aalborg University in Copenhagen during the autumn of
20271 and at a symposium called 3D-sculpting: A Nordic Higher Education Collaboration
Project at the NERA conference held in Oslo in the spring of 2023.
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Introduction

Mie Buhl & Tarja Karlsson Hdikié

The latest developments with artificial intel-
ligence (Al) — generative Al —are facilitating
new ways of working with image-making.
Manovich (2023) describes the develop-
ment of generative Al as being so radical
that it can be compared with the invention
of photography in the 19th century or the
introduction of linear perspective in West-
ern art during the 16th century. The recent
developments once again provide visual arts
education with both new opportunities and
fresh challenges. A big challenge is how to
teach image-making using a computer. Ac-
cording to Manovich, “prediction” is the
new term for computers translating infor-
mation into works of art. He believes that
translation between media such as books to
film is not a new phenomenon. Still, the use

INTRODUCTION

of a computer as a translator based on bina-
ry coding is different and calls for art-mak-
ing skills entailing a mix of ideation, coding,
and programming skills. It is different from
the traditional ways images have been pro-
duced. His ideas about computer-generated
images match the thinking underlying the
basis for the project 3D modelling in visual
arts education. Here, we were interested in
exploring which image-making skills are
required for computer-generated 3D mod-
elling. The process lacks a tactile connec-
tion with the actual artefact. The process of
generating a code for a computer to process
3D models on a screen and for printing has
been a possibility for some time.

The transformation of the sculptor from
a performer with, e.g. clay, to someone who



trains computers to process data for new
3D images, or simply asks the computer to
produce a 3D model, is naturally altering
the perception of what it means to make
visual art and who makes such art.

In a teaching context, an important
question concerns what should be taught
in the visual arts and how the increasing
digital entanglement in all practices should
be handled in the various disciplines of the
teaching subject.

Between 2020 and 2022, an EDDA Nor-
den-financed development and research
project, 3D Digital Modelling in Visual Arts
Education, was launched to explore digital
3D modelling. The project was organised
as a collaboration among several Nordic
universities and partners.” The project par-
ticipants came from several countries — Den-
mark, Finland, Iceland, Lithuania, Sweden

—with a total of 19 people being involved in
the project activities.

The project was primarily linked to art
teacher education in the partner institutions,
with a second focus given to teaching visual
arts in primary and secondary schools. The
project aimed to explore the learning po-
tential held by 3D sculpting for art teachers.
Another aim for the participants was to in-
tegrate the project’s outcomes in higher art
education; more specifically, the didactic
teaching and planning activities to do with
teacher education in visual arts at the partic-
ipating teacher education institutions.

Digital 3D modelling was chosen be-
cause it gives the opportunity to experiment
with different interfaces between digital and
analogue materialities and explore a range
of formats of space, place and scale. 3D
modelling — in the form of sculpture - is
part of the curriculum in both Denmark and
Sweden and, along with painting and draw-
ing, has a constitutive function in visual arts
education as part of general education in

schools and as a subject area of expertise
in teacher education. A research interest
shared by the participants was to address:

¢ How can the subject matter visual arts
balance between the expressive aims
in art-making practices and the skills
needed to use programming and tech-
nologies?

e Which are the educational implica-
tions of the use of programming and
3D printing for art-making practices in
matters of aesthetic qualities, didactics,
teaching competencies and challenges
of ‘subject-matter-DNA’?

e Which opportunities ‘to break new
grounds’ in the teaching discipline of
visual arts are emerging from engaging
with programming and 3D printing?

HYBRID ORGANISATION OF THE
PROJECT

The project was designed by drawing on
insights from design-based research (Amiel
& Reeves, 2008) and organised as a devel-
oping project. At the outset, scholars from
the participating institutions together ex-
plored digital 3D modelling in workshops.
The form taken involved a combination of
online instructions, offline activities and on-
line discussion forums on whose basis the
project partners developed subprojects and
tested learning designs at their own univer-
sities that shared and related the results to
the overall theme. The learning designs that
were developed revolved around improving
image-making competency within sculpting
and 3D technology using photogrammetry
and TinkerCad for visual arts education.
The research questions of the subprojects

1 Aalborg University in Copenhagen, College University Copenhagen (Institut for Lareruddannelse, Campus Carlsberg at
Kobenhavns Professionshgjskole) in Denmark as well as Umea University and HDK-Valand at Gothenburg University in Sweden.
The planning/project group: Mie Buhl, Aalborg University; Kirsten Skov, University College Copenhagen; Dan Tommi Hildén,
HDK-Valand; Tarja Karlsson Hiikié, HDK-Valand; Frida Marklund, Umed University; and Mikael Heinonen, Umed University.
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were guided by one of two questions:

- How does the process of creation, start-
ing with the creation of a sculpture by way
of analogue manual mastery of a material,
transform into a digital format?

- How does the linear creation process,
governed by material qualities, take new
directions when the creation of the sculp-
ture takes place via programming and 2D
testing?

Activities in the project aimed to overcome
the typical focus on the technological im-
plications of the 3D practices and to in-
stead study the sculptural qualities while
using the technology artistically as well as
looking at the didactic implementation in
higher education. The hands-on themes
of the project activities built on the idea of
modelling 3D forms by applying principles
different from analogue designing methods
as a new image-making process relying on
other ways to sculpture and to understand
material. The idea was to curiously and crit-
ically explore the possibilities provided by
the technology when used in a visual arts
context. The hands-on activities were based
on analogue and traditional art-based mak-
ing (modelling clay, sculpting) transformed
into a virtual form through photogramme-
try and the use of a digital CAD-program,
where the relationship between matter, the
intangible, and perception was focused on
in the translations between materiality, im-
materiality and back to material again.
The project has contributed to great-
er knowledge about visual 3D modelling,
photogrammetry and the use of TinkerCad
among teacher educators in visual arts and
stimulated 3D projects in the school subject
visual arts as a platform for developing vi-
sual competency, modelling and sculpting.
The project activities have helped to over-
come the focus on the technological impli-
cations held by 3D practices and instead
inspired the study of sculptural qualities

INTRODUCTION

that arise while using the technology artis-
tically as well as a consideration of the re-
lated didactic implementation. For instance,
the project has created an understanding
of scale in the digital domain for student
teachers in visual arts through working with
everyday objects and using artistic tools. It
has contributed to both the discussion be-
tween the participating higher art education
institutions about how digital technology
adds new tools for visual arts production
and to the sharing of experiences with re-
spect to didactics. In this way, the project
has assisted in gathering arguments for visu-
al arts education as highlighted by research
on visual culture and the development of vi-
sual competency as a civic right and a wider
context concerning medialisation in society
aiming at designing for teacher education
in the visual arts.

The outcomes of the development and re-
search project feed into a Nordic discussion
to do with how digital technology not only
provides new tools for visual arts produc-
tion but may transform the existing modes
of visual expression and sensitive cognition.
In this edition of the Tilde series, 3D Digital
Modelling in Visual Arts Education, three of
the participating sub-projects are presented
along with an article about the Danish art-
ist Morten Modin, who inspired the project
with his artwork and by offering expertise
through his participation in a seminar at-
tended by the researchers. The articles are
hopefully relevant for the further develop-
ment of the paradigmatic basis for subject
didactics and the professionalisation of fu-
ture visual arts teachers.

The first article is written by Mikael
Heinonen and Frida Marklund. Entitled
“3D sculpting in digital and analogue doma-
ins: Transformations as a learning process”,
the article is based on workshops with sec-
ond-year student teachers in visual arts at a
university in Sweden. In these workshops,
the student teachers relate to and deal with
transformations while moving between

11



digital and analogue domains when creat-
ing basic 3D objects in design workshops.
The aim is to explore different affordances

in digital and analogue techniques in a de-
sign process, especially regarding coopera-
tion and the social aspects of learning. The

student teachers select an everyday object
(Norman, 1998) and translate this into a

3D model that is later printed using a 3D

printer. The learning process includes prob-
lem-solving as well as dealing with materi-
ality and scale in between the use of digital
and analogue techniques in the workshops.
The student teachers discuss and compare

interpretations, differences and similarities

in groups based on their experiences from
the digital and analogue workshops. The

results show that previous experience is a
factor in understanding a creative process

and how perceptions and material, together
with problem-solving strategies, inform the
learning processes of the student teachers.
The results of the explorations are analysed
and discussed based on pedagogical insights

from the workshops where thoughts on ex-
perience, doing and undergoing are con-
nected to Dewey (2005) and Schon (2003),
namely reflection-in-action and social as-
pects of learning.

Written by Dan Tommi Hildén and Tarja
Karlsson Hiikid, the second article entitled
“Sculpting, photogrammetry and compui-
er-aided design (CAD) in primary teacher
education” is based on a study of virtual les-
sons with primary student teachers taking a
professionalisation course at a university in
Sweden. The primary student teachers were
to enhance their didactic skills by creating
an understanding of photogrammetry and
using the digital program TinkerCad. The
assignment to these students is based on
double didactics (Hildén, Karlsson Haiikio
& Nordstrom Graf, 2024), or thinking
about how they can use 3D and TinkerCad
with pupils in primary school at the same
time as they are learning the process them-
selves. In the lesson, the primary student

12

teachers train in the making of a visualisa-
tion of an everyday object in the digital pro-
gram after drawing and sculpting the object
in clay and writing about their process in a
blog. Once they have transformed the ana-
logue object into a virtual ditto, they learn
how to use the program to shape the ob-
ject virtually. The study results reveal how
materials through 3D sculpting work as a
mediator of artistic quality and individual
expression and how didactic reflections on
teaching pupils are evoked in the learning
situation with the primary student teachers.

The third article, “From ‘tool’ to ‘collabora-
tor’: Digital 3D modelling as a catalyst for
new aesthetic practices. A study of student
teachers’ education invisual arts™, is written
by Mie Buhl and Kirsten Skov. The article
discusses how digital coding and construc-
tion may change the didactics in art-mak-
ing practices in visual arts education. The
article is based on a study of 3D modelling
practices by student teachers in visual arts
at a university college in Denmark. In this
text, we can follow college students learn-
ing processes using TinkerCad and GIMP,
a free open-source photo editor, as tools to
transform public spaces. The assignment for
the college students is to create a visual and
virtual manipulation of a site-specific public
space by designing a prototype in the 3D
modelling program. The theoretical frame-
work concerns art-making as a social and
material practice with digital technology as
a co-productive partner (Fenwick & Landri,
2012; Knochel, 2016a, b). The discussion
draws on the concept hybrid assemblages
to describe how learning emerges from a
continuous social practice of materialities
of ‘doing’, to which meaning is attributed
(Fenwick & Landri, 2012). Buhl and Skov
(Buhl, 2019; Buhl & Skov, 2021) describe
programming as a mode of concept art and
as a paradigm clash between art-making
practices and coding practices. The results
show that the college students use different
solutions and site-specific artefacts integrat-
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ing into, enhancing and challenging the sur-
roundings. The article presents a discussion
on programming as a mode of concept art
and the paradigm clash between art-mak-
ing practices and coding practices and how
different subject conceptions enable, yet
also clash, in this kind of learning process-
es while using analogue and digital media
(Buhl, 2019).

The fourth article, ““Wrestling” with 3D
printers, searching for materiality — Morten
Modin”, by Mie Buhl and Kirsten Skov
presents the artistic work of the Danish
artist Morten Modin. The contribution is
based on a presentation and conversations
with him during the 3D project together
with his own written material. Modin has
used digital technology and 3D scanning
in his art works and thereby created both
giant and smaller sculptures that are inno-
vative in their performance yet also con-
tain thought-provoking themes. The text
discusses his site-specific artwork The Un-
wanted (Da. De uonskede, Morten Modin,
Broch-Lips, 2021), located at Kongegérden
in Korser, which is a set of sculptures where
he processes and challenges historical nar-
ratives. Moreover, other exhibitions and
art works by Modin are presented out of
several exhibitions of his art works. Based

REFERENCES:

on his works, Buhl and Skov discuss the
possibilities and problems with art works
that are digitally produced and how the
imperfectness of digital traces in sculpting
forms part of a unique expression.

The final text, “Digital 3D modelling as
an expansion of the aesthetic repertoire
for image-making practices. Concluding
discussion”, is written by the editors. In this
contribution, Buhl and Karlsson Hiikio re-
flect on the results of the project where 3D
and sculpting occupy the centre of attention.
They reflect on the didactic possibilities af-
forded by the use of CAD programs and 3D
scanning, sculpting and printing, yet also
the challenges that arise when manual and
haptic modelling skills turn into coding
skills when the modelling is digitally pro-
duced. Which skills are developed or need-
ed to understand the transformation from
manual to digital? This transformation is
discussed from societal, cognitive and tech-
nological perspectives and with regard to
visual arts education. What happens when
digital technology enters teaching?

Guest Editors, November 2023
Mie Buhl & Tarja Karlsson Hiikio

Amiel, T., & Reeves, T. C. (2008). Design-Based Research and Educational Technology: Rethinking Technol-
ogy and the Research Agenda. Educational Technology & Society 11(4), 29-40.

Buhl, M. (2019). “Computational thinking utilizing visual arts, or maybe the other way around.”

In Orngreen, R., Buhl, M., & Meyer,

B. (Eds.), Proceedings of the 18th European conference on e-learning,

(p. 102-108). Academic Conferences and Publishing International.

Buhl, M., & Skov, K

. (2020). Making Collaborative Place Manipulations. In Cloutier, G., Ding, P., Kukkonen,

T., Shields, A., & Sokolowski, J. (Eds.), Making I Proceedings (p. 159-164). Viseu: InNSEA Publications.

Buhl, M., & Skov, K. (2021). ”Har I robotter til at male for jer?”: Et fagdidaktisk perspektiv pa teknologi-
forstielses fagfornyende potentiale i billedkunst [Do you have robots to paint for you?”: A subject didactic
perspective on the subject-renewing potential of technological understanding in visual arts]. Learning Tech —

INTRODUCTION

Tidsskrift for leremidler, didaktik og teknologi, 10, 382-404. https://doi.org/https:/learningtech.laeremiddel.
dk/laes-learning-tech/learning-tech-1o/har-i-robotter-til-at-male-for-jer/

13



Davies, M. (2012). Graphic design theory. London: Thames & Hudson.
Dewey, J. (2005). Art as experience (Perigree trade paperback ed.). New York: Penguin books.

Fenwick, T., & Landri, P. (2012). Materialities, textures and pedagogies: socio-material assemblages in
education. Pedagogy, Culture & Society, 20(1), DOL:10.1080/14681366.2012.649421

Hildén, D., Karlsson Hiikio, T., & Nordstrom Graf, R. (2024). Fortrogen med bild - Visuellt kunniga lirare
[Familiar with images - Visually literate teachers]. In Forsler, 1., Magnusson, L. O., & Ohman, E. L. (Red.),
Bild och visuell kultur. Undersokande bildundervisning i grundskola och fritidshem. [Visual arts and visual
culture. Investigative teaching in visual arts in primary school and after-school care]. Lund: Studentlitteratur.

Knochel, A. D. (2016a). DIY Prosthetics: Digital Fabrication and Participatory Culture. Ar¢ Education, 69(s.
DOI:10.1080/00043125.2016.1201401

Knochel, A. D. (2016b). Photoshop teaches with(out) you: Actant agencies and non-human pedagogy. Visual
Arts Research, 42(1). DOI:10.5406/visuartsrese.42.1.007 1

Manovich, L. (2023). Artificial Aesthetics: A Critical Guide to Al in Art, Media and Design, http://manovich.
net/index.php/projects/artificial-aesthetics-book

Norman, D. A. (1998). The design of everyday things (New ed.). London: MIT.

Schén, D. (2003). The reflective practitioner: how professionals think in action (Repr.). Ashgate.

14 TILDE ~ NUMMER TJUGO



3D sculpting in digital and analogue domains
— Transformations as a learning process

Mikael Heinonen & Frida Marklund

INTRODUCTION

Visual culture and art making are today
permeated with digital imageries and dig-
ital technology. Nevertheless, visual arts
education — although strongly linked to
contemporary art, film and media — has a
more complicated relationship with digital
technologies. This may seem paradoxical
given that teachers in visual arts in Swe-
den have for a long time embraced digital
technologies and also digitally produced
pictures as part of the visual arts subject
and its methods. On the other hand, dig-
ital technologies and materials have also
challenged visual arts teachers. According

to the latest national evaluation of visu-
al arts education in compulsory school
(Swedish National Agency for Education
[SNAE], 2015), one explanation is the lack
of knowledge due to insufficient opportu-
nities for further training among teachers,
but also due to the inadequate funding of
schools to equip art classrooms with up-
to-date software and hardware. Another
consideration is that digitalisation is chal-
lenging epistemologies within the subject,
such as values regarding authenticity and
the importance of hand-made pictures pre-
pared using traditional techniques (Marner

3D SCULPTING IN DIGITAL AND ANALOGUE DOMAINS 15



& Ortegren, 2013). However, such values
are not stable and probably vary among
different teachers depending on their ex-
periences and interests. Klein (2021, p. 28)
describes today’s digital technologies as be-
ing interwoven with “social, cultural, polit-
ical and also geographical environments to
such an extent that it results in new cultural,
symbolic, and material forms”. Art educa-
tors are living and working in the midst of
this social and cultural change. Knowledge
and learning in a digitalised world are rec-
ognised as a priority area by the Swedish
Research Council (2023), and research in
educational sciences is described as essen-
tial to meet the challenges that characterise
schools and higher education, including the
digitalisation of society.

This article presents the results of 3D
design workshops conducted with stu-
dent teachers in a Teacher Education pro-
gramme leading towards visual arts in
Sweden. The learning design workshops
formed part of a larger development proj-
ect called “3D sculpting: A Nordic higher
education collaboration project” in which
different universities with visual arts educa-
tion programmes participated and explored
aspects of digital technology in relation to
visual arts education. The rapid pace of
digitalisation in both society and within
the visual arts subject itself raises ques-
tions about the use of different techniques
and technologies in art-making relative to
subject traditions, materiality, and sensory
experiences in visual arts. The development
project thus wanted to discuss the future
implications for visual arts education when
introducing new ways of doing, new ways
of thinking and processing visual materials,
from different perspectives and levels in the
education system.

In the development project, each par-
ticipating university was asked to conduct
learning design workshops with student
teachers, with different research questions
based on phenomena of interest, the context
or some delimitation. Since Umed Univer-

16

sity offers Teacher Education programmes
for visual arts in secondary and upper sec-
ondary school, this article has two main
focuses: it highlights issues of relevance
for teaching on those levels, together with
teaching in higher education in order to
prepare students to teach visual arts. The
subject content and methods employed in
the Teacher Education programme were in-
tended to deepen students’ understanding
of subject-specific characteristics and also
inspire their own method of development.
With this in mind, these 3D design work-
shops examined how student teachers in
a Teacher Education programme leading
towards visual arts related to and dealt
with different transformations while mov-
ing between digital and analogue domains
when creating 3D objects. By studying what
appeared to be easy or difficult for the stu-
dents in each respective domain, how they
cooperated and what was emphasised in
the creative process, this article provides an
empirical example of how groups and indi-
viduals deal with the various affordances in
digital and analogue techniques. The aim is
to explore the didactic potential of moving
between digital and analogue domains in
a learning process in visual arts education.
What are the unique affordances of digital
and analogue techniques in sculpting, and
how do they impact student learning?

DIGITALISATION IN ARTS EDUCATION

Visual arts education in Sweden early on
adapted new media and digital technology.
The change of name for the school subject
from “Drawing” [Sw. Teckning] to “Visual
Arts” [Sw. Bild] in 1980 denoted the already
ongoing broadening of the subject content
and focus (Asén, 2006). Since then, the sub-
ject has been moving away from defining
images as chiefly aesthetic artefacts towards
an understanding of images as part of visual
culture and wider and more complex prac-
tices of looking (Lindgren, 2008). However,
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studies on the implementation of new dig-
ital technologies in schools show that they
can challenge the traditional core of school
subjects, causing a disruption of power be-
tween and within subjects (Erixon, 2014).
Epistemological shifts due to digitalisation
are also stressed in international stud-
ies. Two recent publications, Post-Digital,
Post-Internet, Art and Education: The Fu-
ture is All-Over (Tavin et al., 2021), which
discusses art education with respect to In-
ternet practices and its users, and Global
Media Arts Education (Knochel & Saha-
ra, 2023) that maps and presents various
perspectives of media arts in education,
both point to the need for further studies
to explore and problematise the constant
changing reality of visual arts education in
relation to digitalisation.

In Sweden, several studies have exam-
ined the implementation of digital technol-
ogies in visual arts education. Bjorck (2014)
showed how art work with computers can
accentuate a technical discourse in the sub-
ject, shifting the focus from communicative
and aesthetic qualities in images towards
practical problems like how to use certain
functions or tools to produce pictures. The
national evaluation ( SNAE, 201 5) studied,
among other aspects, frame factors concern-
ing digitalisation such as access to equip-
ment and further education among teachers,
yet also how students relate to, understand
and produce digital images in visual arts
education. Marner and Ortegren (2013)
described four possible approaches to dig-
italisation among teachers in visual arts: a)
resistance; b) add-on; c) embeddedness; and
d) digital media as dominant. However, the
last category was not detected in their study.
The authors explain that some teachers’ re-
sistance to digitalisation in visual arts edu-
cation may have its roots in a fear of losing
what they perceive as a core in the subject
— its connection to materials, tactile knowl-
edge, and working with traditional artisan
techniques. Similar concerns are raised in a
recent study on crafts education, pointing

to the difficulty of learning embodied ac-
tions with ICT (information and communi-
cation technology) alone (Porko-Hudd &
Hartvik, 2021). At the same time, several
studies with an interest in media education
and visual culture stress how popular cul-
ture, contemporary art, digital artwork and
media can invite and engage students to par-
ticipate and renegotiate notions of knowl-
edge, identities and culture (Forsler, 2020;
Hellman, 2017; Lind, 2010). Studies on 3D
modelling and embodied experiences in vi-
sual arts are nonetheless scarce, probably
due to the general emphasis on visuality in
the subject, rather than three-dimensional
artwork. A Nordic collaboration project
such as the one described in this article thus
contributes to the field, albeit each separate
project is small in scale.

THEORETICAL POINT OF DEPARTURE

In order to analyse and discuss insights aris-
ing from the workshops, concepts from me-
dia theories as well as educational theories
were used. From a multimodal perspective,
different modalities (such as images, sound,
words etc.) each have specific modal affor-
dances (Kress, 2010). Kress defines modal
affordances as the potentialities and con-
straints of different modes. This refers to
what is possible to express and represent or
communicate easily with the resources of a
mode, and what is less straightforward or
even impossible. According to Kress (2010),
this is subject to constant negotiation for
meaning-makers. From this perspective, the
term affordance is not a matter of percep-
tion, but relates to the materially, culturally,
socially and historically developed ways in
which meaning is made with particular se-
miotic resources. In arts education, the term
media specific is also used to describe a sim-
ilar idea; namely, the specific affordances
that each material and technique extends
to a given medium. Hence, each medium
has certain qualities, limitations and possi-
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bilities. Sculpting in clay, for example, dif-
fers from creating a shape in a digital 3D
program because the latter is viewed and
experienced on a 2D screen whereas the
sculpting materials lack physical properties.
These concepts thus allow us to look at how
the students approached the tasks in the
workshops with respect to their perceived
scope for action in each respective domain.

With the understanding that digital
technology, in line with Kleins’ (2021)
reasoning, is entangled in complex ways
with social, historical and cultural contexts,
students’ use of digital technology cannot
simply be seen as a technical act of com-
munication — it is also an embodied expe-
rience of meaning-making. Dewey (2005)
and Schon (2003) offer conceptional tools
regarding experience and the social aspects
of learning. Dewey’s concept of doing re-
fers to an individual’s active engagement in
the process of creating or making, while the
concept undergoing refers to the receptive
aspect of the experience, such as being re-
ceptive to the materials, tools and processes
used in the act of creating. In Dewey’s view,
doing and undergoing are intertwined and
mutually dependent, with each informing
and shaping the other. There must be a bal-
ance between doing and undergoing for the
experience to have the kind of transforma-
tive properties needed for learning to occur.

Schon’s concept of Reflection-in-Action
refers to the ongoing process of reflecting
on one’s actions and experiences as they
are happening in order to adjust and re-
fine one’s approach in real-time. It may be
viewed as a form of implicit or tacit knowl-
edge used in the moment. Reflection-on-Ac-
tion, in contrast, refers to retrospective
analysis of an experience or action in order
to gain insight and learning from it after the
fact. While Dewey sees doing and under-
going as intertwined, Schon’s Reflection-in
Action is specifically focused on the active
engagement of the individual in the process
of making, as in engaging in a dialogue with
the material at hand. Reflection-on-Action
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in comparison emphasises the retrospective
analysis of the action that has taken place.
Connecting Dewey’s and Schon’s concepts
offers a broader approach to analysing the
learning situation in the workshops.

THE EMPIRICAL STUDY

Interested in exploring how student teach-
ers deal with the different affordances in
digital and analogue domains, the two
workshops were designed with a view to
examining 3D sculpting from both a digital
and an analogue perspective. Participants
were second-year student teachers attending
a Teacher Education programme leading to-
wards visual arts.

In one of the subject courses, there is
a module about form and design that is
well suited to exploring 3D modelling and
sculpting. Nine student teachers participat-
ed during 2021, and six student teachers
during 2022. Each workshop was 3 hours
long, and the second workshop was carried
out approximately 1 week after the first
one. The idea with designing these work-
shops was to “force’ the student teachers
to move between first a digital and then an
analogue domain, while transforming an
everyday object in both scale and materi-
ality, and from screen to a physical object
— thereby transforming the concept of form
and function as well. The digital part of the
workshop was not a continuation of previ-
ous analogue sketching/ideation (which is
otherwise often the case in visual arts educa-
tion), but instead the starting point for their
problem-solving. Well aware that this could
be challenging for the student teachers, even
though they have some pre-understanding
of sculpting from earlier courses, the idea
was to explore which issues, insights and
problems would arise while doing so.

A qualitative approach was used, in-
spired by visual ethnography, meaning
that visual methods (photography) and
visual material (collected artefacts) are an
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important part of data collection (Rose,
2023). Both researchers conducted the
workshops in 2021, but Marklund mainly
acted as an observer, taking photos of the
process and produced artefacts, as well
as field notes. Heinonen was responsible
for the practical implementation and also
taught some basic concepts in TinkerCad,
a free, rudimentary web-based application
for digital 3D modelling (www.tinkercad.
com). In 2022, Heinonen conducted the
workshops alone. Nevertheless, the design,
analysis and reporting were shared equally.

The empirical material consists of ob-
servation notes and photographs from
the workshops and the produced artefacts.
Written reflections by student teachers con-
cerning their thoughts on the activities, the
design of the workshops, and insights from
the assignment were also collected after the
second workshop. While observing the stu-
dent teachers, particular focus was given to
which questions the student teachers were
asking to us teacher educators, each oth-
er, or in dialogue with the material/object.
There was also an interest in studying what
they highlighted as important in the creative
process, as well as the significance of coop-
eration while solving an artistic assignment.

The workshops were a voluntary addi-
tion to the course — an opportunity for the
student teachers to familiarise themselves
with TinkerCad. The researchers were not
teacher educators or examiners on this par-
ticular module in the course and the work-
shops were not graded. In line with the
Swedish Research Council’s ethical guide-
lines (Vetenskapsradet, 2017), the student
teachers received information beforehand
about the development project and the
study, their right to decline participation at
any time, how the study manages personal
data in accordance with the GDPR, as well
as the possible publication of results arising
from the workshops. Written consent was
collected from the participants, which is
stored safely and separately from the col-
lected data. Two student teachers could only

participate in one of the two workshops and
were thus excluded from the study. The stu-
dent teachers are given fictitious names in
the article.

Image 1: Striations in a printed bottle.
Photo: Mikael Heinonen.

Workshop 1: Modelling everyday objects

in TinkerCad

In the first workshop, the focus was on
digital aspects of creating and exploring
3D objects. The student teachers worked
in groups using TinkerCad to create 3D
models of ordinary everyday objects. Each
student teacher was asked to bring an every-
day object to the workshop, but without
knowing the purpose of the assignment.
First, Heinonen gave a short introduction to
some functions in TinkerCad. For example,
how to navigate the 3D space in the app and
how to add and subtract basic shapes from
each other in order to create new shapes.
The student teachers were then grouped
into small teams. They had to decide with-
in the group which of the everyday objects
they had gathered to use for the assignment.
They could only choose one object in each
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Image 2: Student teachers modelling and navigating 3D spaces in TinkerCad. Photo: Frida Marklund.

group. The teams were then tasked to trans-
late the everyday object into a 3D model in
TinkerCad. After the workshop, the differ-
ent models were printed using a 3D printer.

Workshop 2: Transforming 3D prints to
sculptures

The second workshop highlights analogue
aspects of form and design. The task was
first to individually transform the small,
printed model they had designed in the
previous workshop to a sculpture larger in
scale, using a new material. They were also
asked to accentuate something in the shape
or expression that they found interesting,
and they could also transform the function
of the object.

The printed models looked different
from the designs in TinkerCad, for exam-
ple as a result of how the plastic material
used by the printer creates striations in the
surface of objects (Image 1). They could use
different materials, such as modelling clay,
cardboard, textile fabric etc. The purpose
of the assignment was to highlight scale and
proportions in sculpting, as well as material
properties and physical restraints such as
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gravity and strength, which are emphasised
when working with larger objects. Although
in a digital setting this is not a problem, in
analogue sculpting this becomes a factor the
artist must consider.

Afterwards, the student teachers were
once again grouped together and asked to
compare and discuss their different inter-
pretations and artifacts with each other in
the group. What were the differences and
similarities? They also wrote down group
reflections about their experiences of sculpt-
ing in both a digital and an analogue setting.
Did they discover something? What, in their
opinion, are the possibilities or obstacles in
each domain?

TRANSFORMATION AND
TRANSDUCTION - EXPERIENCING
MEDIA-SPECIFIC PROPERTIES

One observation from the first workshop
was the way the student teachers ap-
proached the task of translating the every-
day object into a 3D model. Instead of just
trying or prototyping in an experimental
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Image 3: Experiencing the physical restraints of the material
properties. Photo: Frida Marklund.

way, the student teachers first attempted
to intellectually solve how to recreate the
shape of the everyday object. One inter-
pretation is that this is a consequence of
being unfamiliar with TinkerCad, but also
a result of the design of the assignment in
itself. Framing the task as chiefly the recon-
struction of an existing object on one hand,
and the affordances given by the digital pro-
gram on the other, led the student teachers
to strive for accurate reproductions.

Since materials in the digital domain lack

A Y

physical properties and are processed on a
two-dimensional surface (Image 2), which
in itself is a media-specific characteristic,
the material aspect that otherwise is so im-
portant in sculpting could not inform the
student teachers’ processes. In other words,
in the digital domain the student teachers
mostly did Reflection-on-Action (Schon,
2003) rather than Reflection-in-Action,
meaning they identified problems that they
had to correct through a retrospective anal-
ysis when they actually thought they were
finished with the model, instead of intuitive-
ly reacting to the material aspects in the pro-
cess. Some examples of this are how the stu-
dents related to and experienced scale and
proportions in the digital domain. They had
some difficulties assessing how the propor-
tions related to one another, and also how
to navigate a 3D space on a 2D surface. In
traditional sculpting, one constantly turns
the artefact around or positions oneself dif-
ferently in relation to the artefact to explore

Image 4: Awhistle transformed into an elephant. Photo: Frida Marklund.
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its proportions for example (constituting
Reflection-in-Action). Still, something as
simple as that became difficult in the soft-
ware, resulting in accidental displacement,
an ear of a cup could be hanging in mid-air,
or objects that should be in the same plane
were not, which in turn meant the scale re-
lationship was off. Understanding the basic
principles in the software and how to export
and save their models was nonetheless easy
for the student teachers.

In the second workshop, when they
moved over to the analogue domain, the
student teachers discovered physical re-
straints. Now these properties, scale re-
lationships and strength, for example,
became emphasised. For example, one stu-
dent teacher had some difficulties with the
softness of the modelling clay which made
the walls of the sculpture cave in (Image 3).
This led to the student teacher abandoning
the original idea and function of the object
(a whistle) and instead exploring a new di-
rection (an elephant) (Image 4).

When transforming their 3D printed ob-
jects into larger sculptures in a new materi-
al, the students remade the original objects’
meaning through a new expression and ma-
teriality. This is the same as doing a trans-
duction (Bezemer & Kress, 2008). Image 5
shows an example of different transductions
of a printed object, but also how the print
itself can inspire the student teachers to ex-
plore an independent expression in relation
to the original object.

The group reflected on how their printed
object had influenced their interpretations
in the second workshop (Image 5):

The print had a fairly square design,
but the printer produced some rath-
er chaotic lines. We chose different
design paths, without deciding it
beforeband, in order explore differ-
ent expressions. Anna’s interpreta-
tion was deliberately angular, while
Robins’ object was a jumble of wire.
(Group Blue)
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Image 5: A printed ladle transformed into new objects. Photo:
Mikael Heinonen.

One result of these workshops is that a
transduction occurs in the digital domain
when moving from an analogue domain to a
digital one (translating everyday objects to
digital models). Then, when sculpting in an
analogue domain, yet another transduction
occurs. This means the student teachers are
‘forced’ by the workshops’ design to expe-
rience different media-specific properties in
a way that each respective domain might
not have prompted in the same way, or as
efficiently, by themselves.

DOING AND UNDERGOING - THE
IMPORTANCE OF PREVIOUS
EXPERIENCE IN A CREATIVE PROCESS

The importance of the student teachers’
previous experiences and their emotional
relationship with the process differed in the
two workshops. Since digital tools generally
are nowadays a natural part of life for this
category of student teachers, the novelty as-
pect while using digital technology is some-
what diminished. There are expectations of
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what one can and cannot do with digital
technology. At the same time, this partic-
ular software was new to most student
teachers. Some student teachers therefore
experienced irritation when their expecta-
tions were not fulfilled in their encounter
with TinkerCad. They concentrated mostly
on technical aspects of how and what to do,
rather than using the tool to experience the
object in a new way. Following the work-
shop, one student group reflected on this:

The digital has a learning curve,
more focus on the technical rather
than creative aspects. It doesn’t feel
‘manual’ since you can revise it in a
different way than what is possible
in analogue sculpting. Digital work
feels more results-oriented and an-
alogue is more process-oriented.
(Group Red)

Here, Dewey’s concepts of doing and under-
going can offer a way for visualising the dif-
ference in the students’ experiences at work.
Davis (2012, p. 219) explains this phenom-
enon, referring to Dewey as follows: “an
experience has a pattern and a structure of
alternating between doing and undergoing.
‘Doing’ is the physical or sensory interac-
tion with our environment that we associate
with the experience, while ‘undergoing’ is
the mental reflection or emotion necessary
to interpret the doing — an action and a con-
sequence linked in perception”. She draws
a comparison with river rafting: In doing,
we paddle furiously in parts of the white-
water trip, but the undergoing lies in hav-
ing been challenged by the river and having
won. For Dewey (2005), this relationship is
what gives the experience its meaning. What
makes something memorable depends on
the content and scope of the relationship
between these two concepts and our previ-
ous experience. Namely, what was visible
in workshop 1 was mostly doing among
the student teachers, unlike in workshop 2
(the analogue workshop) where their pre-

vious experiences of materials and forms
evoked memories and stories and their pri-
or knowledge could be used and combined
in new ways in their work. One student
group described the difference between the
two workshops as the first one leading to
reproduction, “we wanted to reproduce the
original object more faithfully”, while the
second workshop offered greater freedom,
which in turn led to “a looser expression,
freer sculpting” (Group Blue).

Group Red referred to the analogue
workshop as “more intuitive, although it’s
difficult to produce exact details like a 3D
printer does”. This difference in affordance
between a digital tool compared to ana-
logue techniques was identified by several
groups. One group described how their ob-
ject was simplified in the second workshop,
yet also varied in its expression compared to
the printed object: “The abstraction is visi-
ble in different ways in our interpretations;
one is wilder than the other” (Group Yel-
low). Group Purple also discussed the first
workshop. They found TinkerCad to be rig-
id and lacking in its toolset. They likened
it to building a roof in The Sims ( https://
en.wikipedia.org/wiki/The_Sims_(vid-
eo_game)), but found the game to be more
advanced, “It could have been more fun to
do it individually than to work in a group
digitally, anyone not holding the mouse is
easily excluded” (Group Purple).

This does not mean that the digital do-
main does not offer the possibility of under-
going, but the student teachers lacking skill
in the software meant that most student
teachers focused on solving technical prob-
lems at the first workshop, thus emphasis-
ing a more technical discourse in line with
the results of Bjork’s (2015) study. How-
ever, the second workshop also made the
student teachers reflect and draw insights
concerning their digital work and thus both
domains — the digital and the analogue — in-
formed each other. It can namely be fruit-
ful to oscillate between them in order to
make comparisons or to simply experience
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different modal affordances in order to fa-
cilitate Reflection-on-Action (Schon, 2003).

PROBLEM-SOLVING WITH NEW
TECHNOLOGY — DIFFERENT
STRATEGIES

Another result that more concerns the social
aspects of learning is the problem-solving
strategies the student teachers employed in
the first workshop. This theme can guide
the reflection on teaching the subject mat-
ter at hand in visual arts education. What
can be learned from workshops like these,
and what does that say about how student
teachers interact with new technology?

When facing the design task, the groups
had different motives for dividing the work
between them. Some became results-ori-
ented, while others stressed the learning
aspects more than the final product. One
group, for example, was keen to distribute
the work evenly between them. When one
student teacher in the group started work-
ing on an object on his own computer, two
other members in the group asked him to
participate. Mary said: “You’re going to
be a teacher, you won’t learn if you only
(smiles) do that one (points at his comput-
er screen). You can finish that one in your
own time” (Group Green). Another group
was proud to finish the task quickly. They
simplified the shape, excluding complicat-
ed design features and when asked if they
wanted to add some of the missing details,
they replied that they were happy with the
design as it was: “We want to save and ex-
port it now” (Group Purple).

Three strategies used by student teachers
were identified:

1. Detail oriented/high control & role
distribution: wants to ensure that it is
exactly like the original object, aesthet-
ic properties are emphasised, one per-
son in the group controls the computer,
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while the others contribute with com-
ments (are less active), it is the techni-
cally skilled student teacher who mainly
controls the process.

2. Focus on cooperative learning: equal
participation, ‘everyone should be in-
volved’ is more important than the aes-
thetic expression of the object, learning
within the group is central.

3. “Good enough”: equal participation in
quickly solving the task at hand, they
simplify the form at the expense of its
aesthetic expression, they take turns
working with the software, they fin-
ish first and are proud of their form
and show the other groups (function/
solving the task takes precedence over
expression).

Student teachers manage differently with
the tasks, some prefer to finish fast, whereas
others seem to be able to tolerate a higher
degree of uncertainty in an experimental
and creative process. Although this is prob-
ably not unique for digital art work but art
work in general, one interpretation is that
digital technologies can make these strate-
gies more pronounced. This refers especially
to the first strategy since digital technology
can be used for high-precision recreations
(a demanding technical skill). Research
shows that many teachers in visual arts feel
more confident using traditional materials
and tools (Marner & Ortegren, 2013). As
a consequence, a higher level of autonomy
in the creative process was observed in the
second workshop. One explanation could
be that the student teachers worked indi-
vidually, another that they related to the
analogue process differently — there was a
greater emotional connection to the materi-
als and a better balance between doing and
undergoing in their creative process.
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CONCLUSIONS

The aim of this article was to explore the
didactic potential of moving between digi-
tal and analogue domains in a learning pro-
cess in visual arts education. Workshops
with student teachers during their second
year in the Teacher Education programme
leading towards visual arts were used as an
empirical example to answer the following
research questions:

Which are the unique affordances of digital
and analogue techniques in sculpting?
Materials and objects in the analogue do-
main have different affordances than in the
digital one, which enable the student teach-
ers to adjust their design goals relative to
the material at hand. In the digital domain,
the materials were in some respects seen as
more limiting in what they can offer. The
student teachers perceived them as having
a more specific and delimited function. The
expectations created by these perceptions
can limit open-ended exploration in the
process. The results show that the analogue
sculpting also entailed technical challenges,
but the student teachers’ prior experiences
made it easier for them to reflect in action
and to improvise and solve, for example,
challenges relating to gravity, proportions
etc. This is of course also a result of this
group of students, their pre-knowledge and
expectations and the time limitation of the
workshops. That said, the digital domain
holds great potential to create situations
for experiencing. However, the technical as-
pects can demand some time and attention
for the users, which is something to consider
in an educational setting.

How do these affordances impact student
learning?

Student teachers approach and employ
different strategies in the problem-solving
situation. Some try to de-code the expect-
ed outcomes and to solve the task at hand
as quickly and efficiently as possible, while

others emphasise the qualities of prob-
lem-solving that the workshop provides. Yet
another approach seen among the student
teachers is to adopt a meta-perspective on
the task itself and focus on learning aspects
in relation to teaching — thereby highlight-
ing democratic and collaborative methods
in problem-solving.

The student teachers formulated some
insights regarding the limits of gravity, the
sense of scale between digital and analogue
spaces, the importance of Reflection-in-Ac-
tion, digital/analogue problem-solving, as
well as the affordances and limitations when
using/translating existing objects. The stu-
dent teachers also reflected on their own
future teaching practices, showing that
workshops like these can form a good basis
for further exercises and discussions within
the Teacher Training programme.

DISCUSSION

One important aspect to consider with re-
gard to visual arts education is the unique
modal affordances that digital technology
can offer when it comes to understanding
form and sculpture. By providing its own
sets of media-specific traits, free and simple
software such as TinkerCad can highlight
features and characteristics that might be
taken for granted or are difficult to discover
in traditional analogue sculpting. Still, as
seen in both the results and previous re-
search (Bjork, 2014; Marner & Ortegren,
2013), digital technology brings with it
certain understandings regarding skills, au-
thenticity and aesthetic qualities. The digital
domain is often perceived as more techno-
logical, rational and precise — which the
student teachers in this study corroborated.
This, in turn, can underscore a more techni-
cal discourse, yet also distinct approaches
to solving a particular task, which was no-
ticeable in the different strategies the stu-
dents employed in the first workshop. One
strategy can, for instance, highlight learning
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aspects, while another promotes aesthetic
qualities in a design process. One is not nec-
essarily better than the other; rather, they
enable different aspects of learning in vi-
sual arts. Awareness of these prerequisites
makes it possible to plan teaching based on
specific objectives.

While a student teacher’s perception of
the digital domain is predominantly techno-
logical, as Klein (2021) argues, digital tech-
nologies cannot be separated from the visu-
al culture that student teachers form part of.
Their feelings and preferences are influenced
by other digital references, as one student
group pointed out, and sometimes their
expectations do not match their own capa-
bilities and/or the capabilities provided by
the technology. This can evoke feelings of
frustration and emotional disconnect, and
perhaps this explains why some students
found the analogue workshop to be freer
and more intuitive. A challenge in visual
arts education is thus bridging the subject’s
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Sculpting, photogrammetry and
computer-aided design (CAD)
in primary teacher education

Dan Tommi Hildén & Tarja Karlsson Hdiikio

INTRODUCTION

The need for digital skills is growing in
today’s computerised world. The national
digitisation strategy for the Swedish school
system should be leading the way in terms
of best harnessing the possibilities of digiti-
sation to make children and pupils digitally
competent and promote the development of
knowledge and equivalence (Department of
Education, 2017). In the Swedish Nation-
al Education Agency’s assessment (2020a),
while access to digital tools is generally per-
ceived as good, many pupils and teachers,
especially in the lower grades, wish to use
digital tools more. Overall, digitisation has
had a greater impact in junior and senior
high school in terms of both the access to
and use of digital tools (Swedish Nation-
al Agency for Education [SNAE], 2020a).
Willermark (2018) writes “the school’s digi-
tisation means that the conditions for the
teaching role are reshaped and that teachers
need to develop new strategies for teaching,
in interaction with pupils, subject content
and digital technology” (2018, p. 19).
Between 2021 and 2023, a research proj-
ect was conducted with primary student
teachers at a Teacher Education programme
at a university in Sweden. The research
mainly focused on how digital tools such as
VR (virtual reality), CAD programs and 3D
printers relate to aesthetic learning process-
es and situated socio-cultural learning, and
what such digital tools mediate in the de-
velopment of student teachers’ knowledge
concerning visual arts education in primary

school. The aim of the project was to rein-
force primary student teachers’ knowledge
about new technology combined with tra-
ditional methods and the possibilities it af-
fords in art teacher education from a higher
education didactics perspective. This was
accomplished by studying student teachers’
visualisation of materials through sculpting
and 3D design in an assignment where both
analogue (traditional, manual techniques)
and digital media were used as a mediators
of artistic quality and individual expression.
The research questions guiding the project
were:

e Which difficulties arise in the shaping of
an idea from physical form onto the vir-
tual space and back to a physical form
with an 3D printer?

e Which didactic implications does the
assignment hold from a double didactic
perspective in primary teacher educa-
tion?

e How does a rotatable 3D visualisation
through photogrammetry work as an
assignment in the subject visual arts?

The teaching assignment studied in the
research project consisted of multimodal
use of analogue and digital media. Manual
sculpting/shaping, photogrammetry and
a CAD program (computer-aided design)
called TinkerCad was used to explore how
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digital technology can provide new perspec-
tives on sculpting techniques with analogue
materials.

ART EDUCATION IN PRIMARY SCHOOL
AND IN THE AFTER-SCHOOL CENTRE

The Swedish primary teacher programme
consists of teacher studies for the af-
ter-school centre or the earlier years, grades
1-6.* In 2001, a reform of the teacher ed-
ucation system was carried out where a
government bill proposed a new model
for primary teacher education. Here, the
training for after-school teachers was to
include visual arts, music, home economics
or sports (Prop 2009/10:89; Forsler, 2021,
pp. 120-121). The education of primary
teacher students takes a stance regarding
a specialisation in visual arts as part of
the Teacher Education programme to be a
primary school teacher. To understand the
virtual reality underlying ICT (information
and communication technology), primary
school pupils need to understand the visu-
al imageries behind what they see on the
screen. In the revised curriculum for com-
pulsory school in Sweden, The Curriculum
for Compulsory School, Preschool Class
and School-Age Educare, Lgr22, source
criticism and skills to use digital media are
highlighted on a more specific level:

The pupils must be able to orient
themselves and act in a complex
reality with a large flow of infor-
mation, increased digitisation and
rapid rate of change. Study skills
and methods of acquiring and using
new knowledge therefore become
important. It is also necessary that
pupils develop their ability to criti-
cally examine information, facts

and conditions and to recognise
the consequences of different al-
ternatives. /.../ All pupils must be
given the opportunity to develop
their ability to use digital techno-
logy. They must also be given the
opportunity to develop a critical
and responsible approach to digital
technology, to be able to see oppor-
tunities and understand risks and be
able to value information (SNAE,
2022, pp. 7, 8, authors’ translation).

In the central content for the teaching in
years 1—3 and 4-6, the syllabus for visual
arts states what the teaching through image
production, techniques, tools and materials
and image analysis should comprise:

e Photography and the transfer of images
using digital tools (years 1-3).

¢ Photography, film and other digital im-
age creation as well as editing of pho-
tography and moving images (years
4-6).

e Some tools and materials for drawing,
painting, modelling and constructions
along with photography and other dig-
ital work with images (years 1-3).

¢ Tools and materials for drawing, paint-
ing, printing techniques, three-dimen-
sional work, photography, work with
moving images and digital image pro-
cessing (years 4-6) (The Swedish Na-
tional Agency for Education, 2022, pp.
30-31, authors’ translation).

Many schools have purchased 3D printers
that allow objects in clay, play dough and
plasteline to be transformed with photo-
grammetry and then printed, although many

2 Within the primary teacher programme at Swedish universities, several institutions offer one semester of studies in the subject
visual arts comprising 30 higher education credits. These studies give students the authority to teach visual arts up to year 6 as
well as the authority to grade the subject in their future teaching role. In primary school, the pupils are usually taught by class
teachers in visual arts, while in years 7-9, or upper secondary school, visual art teachers usually have 4-s5 years of training in the

subject comprising 9o—120 higher education credits.
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schools do not use them frequently, whereas
teachers also lack the skills to use such tech-
niques. The national evaluation of visual
arts revealed the need for continuing educa-
tion in digital media among visual arts teach-
ers (SNAE, 2015a, p. 39). The government,
in turn, wants school time to be filled with
reading books and writing by hand — not
screen time (Expressen, December, 2022).
The future of pupils is determined by the
everyday life of school children and a clear
dichotomy of opinions still remains concern-
ing which way to go with digitisation.

Visual arts in primary school years 4—6
depends on how each school sets up its
teaching. Schools can choose to put the
hours in visual arts in clusters of a semester
or even in a single grade in primary school,
instead of pupils having visual arts every
term or progressively over several years.
This creates a problem whereby pupils can
miss continuity in their visual development
over time and where other justifications are
used as reasons for planning than the pupils’
right to create (Convention on the Rights
of the Child, Article 31, Asplund-Carlsson
et al., 2020). Hansson Stenhammar (2020)
argues that the use of aesthetics and art re-
quires a well-thought-out didactic setting to
promote development and learning, stating:

“Teaching and learning in the arts means de-
veloping and strengthening the pupils’ mo-
tivation, critical and creative thinking, and
the ability to communicate and collaborate”
(2020, pp. 21, 86).

Many pupils and student teachers do not
perceive the knowledge they acquire in the
subjects of music, visual arts and sloyd as
important after finishing primary school.
Moreover, the subjects are perceived as
unimportant by parents in terms of pass-
ing further studies or the students’ work-
ing life plans (SNAE, 201 5b). The Swedish
National Agency for Education states that
the ability to read, interpret, communicate
with images and create images are different
parts of the visual competence (2022). The
visual competence, which is stressed in the

curriculum for visual arts (SNAE, 2021b, p.
6), today should include lessons in which
pupils can meet and try out image creation
with both analogue techniques and digital
tools to “stimulate pupils’ creativity, curios-
ity and self-confidence as well as their will-
ingness to try and put ideas into action and
solve problems” (SNAE, 2021b, p. 8, au-
thors’ translation). Visual competence also
includes critical thinking about images and
media use, described in the curriculum as
the ability to “discuss and critically review
different visual messages” (SNAE, 2022, p.
29, authors’ translation).

There seems to be a gap between national
intentions with respect to the importance
of achieving visual digital competence, in-
cluding the ability to create and analyse
digital and analogue images and the gener-
ally negative view of the importance of the
learning outcomes provided by teaching the
subject of visual arts held by pupils and their
parents. The latter affects the status of the
subject in teacher education and the student
teachers’ interest in training for it. The cur-
rent study aimed to address the challenge
of educating primary student teachers for
future image-creating activities by investi-
gating how a process of analogue and digi-
tal 3D modelling provides primary student
teachers with both visual as well as didactic
competence.

THEORETICAL FRAMEWORK

The theoretical framework of the project
drew partly on a socio-semiotic perspective
(Leijon & Lindstrand, 2012), partly on a
haptic perspective.

Socio-semiotic perspective

Sdlj6 (2021) argues that the use and creation
of artefacts is a fundamental form of hu-
man knowledge development where thought,
materiality and body cannot be separated:
“artifacts arise from processes that we now
call design, and they are an expression of our
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ability to express, develop and, in a literal
sense, materialise knowledge” (2021,p. 195).
Theartefacts carry a history where cognition
and materiality are connected to each other.
Here, the character creation takes place part-
ly based on a personal interest in relation to
social staged situations (Selander & Kress,
20710, p. 33). According to Leijon and Lind-
strand (2012), the sign creation which takes
place in interaction with other people is a
central part of the social semiotic perspective.
The created sign is defined as the smallest
meaning-bearing unit in a representation of
any kind and can be described as a union or
linking of what signifies (a form) and what
is signified (meaning). Within the social
semiotic perspective, it is believed that the
relationship is motivated and not arbitrary
(Leijon & Lindstrand, 2012). This means
that there is always a connection between
form and content in the signs we create and
it also means that we can never completely
distinguish between form and content in a
representation because the form is a pre-
requisite for how this content can be under-
stood (Leijon & Lindstrand, 2012).

Willermark (2018) emphasised that
the development of teaching with digital
technology is a complex process. When
pupils build with LEGO or play three-
dimensional computer games, they develop
their spatial ability (Power & Sorby, 2020).
Sofkova Hashemi (2019) pointed out that it
isimportant for the teacher to ask how digital
tools should be applied in teaching. Pupils
do not all need to receive the same tools,
albeit individualisation can be beneficial
for pupils. It is not about using technology
to do the same things in a different way, but
about using technology to do fundamentally
different things (Selwyn, 2017). Girdenfors
(2001) argued “that our thinking is spatially
shaped, where the discrimination of our
stimuli takes place in different ways and
a bridging takes place between linguistic,
sensory and motor stimuli based on a
geometrically experienced, conceptual
framework” (2001, p. 60).
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The haptic sensation and aesthetic
process

According to Karlsson Hiiki6 and Ericson
(2017), digitisation does not exclude the
need to train hand skills based on socie-
tal aspects, “but society changes as do its
needs and requires a wider spectrum of
methods and media for visual expression”
(2017, p. 79). The hand surgeon Goran
Lundborg explained in an interview with
Hallonsten (2022) that when the hand is
being used, this stimulates the synapses, the
flow and contributes to generally increased
activity throughout the brain, which affects
our ability to take in all kinds of know-
ledge. In his book, Handen i den digitala
virlden, Lundborg notes “that the hand’s
creative activities in arts and crafts provide
a long-awaited alternative to the digital so-
ciety” (2019, p. 98). The assumption is that
the interplay of hand and brain has always
played a significant role in the subjects of
image and craftsmanship in processing in-
formation. The distinction between eye and
hand is important as the term visual usually
refers to the optical, not the haptic ability to
absorb information.

The visual image is ambiguous because
the 3D environment is projected onto the
two-dimensional (2D) retina. The haptic
sensation disambiguates the visual sensa-
tion of a three-dimensional object and helps
the brain create knowledge (Wijntjes et al.,
2009). Mills (2016) believes there has been
increased interest in the material dimen-
sions of learning, where the term “material”
refers to anything that has mass or matter
and occupies physical space. With this in
mind, and related to the optical sensation,
Mills seeks to establish socio-spatial, so-
cio-material and sensory literacy as a con-
cept to expand the more established para-
digms of the concept of literacy.

Marner (2005) writes “The knowledge
we get through the senses does not exist
alongside cognitive processes but is itself a
cognitive process” (2005, p. 131). Marner
believes that different media create meaning
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and that the bodily senses are important in
learning. The body is a medium for the pur-
pose of creating meaning. Aesthetic learn-
ing processes emphasise that the learner is
a co-creator rather than merely a receptacle
of raw information (Lind, 2010). The teach-
er is a stager of learning situations and a
supervisor rather than a mediator of already
known knowledge. Knowledge is found in
and through various media rather than only
within the written language (Liberg, 2008).
Learning grows out of dialogues between
children and adults rather than from the
teacher’s monologue (Hansson Stenham-
mar, 2020; Marner, 2005).

Lindstrom (2009) describes the cre-
ation of meaning within aesthetic subjects
as four forms of learning about, in, with
and through art and media (2009, p. 57).
These forms of learning can be used for the
purpose of analysing the work processes
of visual arts and sloyd. Lindstrom’s forms
for learning related to art and media have
also been highlighted by several research-
ers (e.g., Hansson Stenhammar, 2020;
Mikelid, 2011) where learning about can
mean that pupils learn how tools are im-
plemented. Learning in refers to the pupils’
use of previous knowledge while develop-
ing new knowledge. Learning with is not
subject-specific, but pupils can, for instance,
work across subjects in other situations. Fi-
nally, pupils can learn through something,
which is not subject-specific, it can for ex-
ample be that pupils are creative problem
solvers.

METHODOLOGY

For the empirical part of the project, the
sculptor and art teacher educator (Hildén)
designed didactic interventions comprising
learning processes of analogue and digital
sculpting with primary student teachers.
Here, meaning-making and the communi-
cative, social actions through three-dimen-
sional making with manual techniques as

well as digital tools were the fundamentals
of the learning design drawing on a mul-
timodal perspective (Leijon & Lindstrand,
2012). The multimodal perspective meant
that several different modalities were si-
multaneously active in the learning process
(Kress, 2010; Selander & Svirdemo-Aberg,
2009). The didactic interventions were
documented by Hildén’s autoethnographic
notations, the students’ visual logs and visu-
al ethnographies (Pink, 2021; Rose, 2016).
Karlsson Hiikio processed the textual and
visual information from the student teach-
ers and Hildén and observed the teaching
sessions. This altogether constituted the
methodology for producing the empirical
material.

Documentation of the learning process —
autoethnographic writing and a visual log
Hildén’s autoethnographic work concerned
how to combine traditional sculpting tech-
niques with new design techniques such as
rotatable 3D visualisation through photo-
grammetry and CAD-based design. The ma-
terial in the study was based on observed
discussions with primary student teachers
in visual arts lessons and their process logs
with permission to use the material in re-
search and presentations. The primary stu-
dent teachers’ log writing was intended to
increase understanding of the more invisible
dimensions of learning (Biesta, 2006, 2014)
in teaching situations. Here, it was import-
ant to ask where learning takes place, how
it is done, and what the students are expect-
ed to learn. A question raised by Tombro
(2016) with respect to students concerned
the difference between personal writing and
academic writing (2016, p. 30), an aspect
that is often problematic in studies. Tombro
stressed the importance of the material cre-
ated being personal and not intended solely
for the supervising teacher to assess. This
approach can help students to distinguish
the so often hard-to-reach private from the
more general parts in their studies. Students
need to see the connection between their
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material, their doing and the result, and that
all of these aspects form part of the learning
process. This is a particularly relevant issue
in art teacher education and must be clari-
fied since visual arts is characterised by both
image production and reflection through
verbal and written response, a dichotomy
that many visual art teachers find ambigu-
ous (Karlsson Hiikio, 2021).

The use of the primary student teach-
ers’ process logs contributed to the eth-
nographic method in the project. Hildén
himself, having collected material in his
educational practice as an art teacher ed-
ucator, was inspired by Tombro’s ideas
(2016, p. 33) about writing notes, in this
case via a text and a visual log, during the
creation process and creating methods
for collecting autoethnographic material
during an artistic process. Tombro argued
that it is important that all of our sensory
impressions have a place in an autoethno-
graphic material (2016, p. 32). Adams et
al. (2015) stated that autoethnography is
a qualitative method that offers nuanced,
complex and specific knowledge about
particular lives, experiences and relation-
ships rather than general information
about large groups of people.

The textual and visual research material
comprises both Hildén’s autoethnographic
material and observed material from the
lessons, as collected by Karlsson Haiikio.
Hildén also conducted an interview with
a technician at the teaching university
(26 October 2021). The lessons with the
primary student teachers were conducted
through group learning and an instruc-
tive learning situation defined as blended
learning, combining classroom instruction
with computer-aided instruction, or on-
line-based learning (Graham, 2006). The
material collection was from an assign-
ment that was made with several groups
of primary student teachers attending a
lesson with photogrammetry and Tinker-

Cad between 2021 and 2023.3 The study
of the project consisted of four groups
with about 20 primary student teachers
who were trying out TinkerCad for the
first time, except for a few who already
had experience with the program.

Research ethics

The project was conducted based on the eth-
ical requirements of good research practice
(The Scientific Council, 2017). The student
teachers were informed of the four criteria
on information, consent, accessibility and
confidentiality that is required in all re-
search, and gave consent to partaking in the
research project after being informed ver-
bally by signing a consent form on the use
of both text and visual material. The mate-
rial was managed, transcribed and stored
according to the rules for data storage of
the university.

EMPIRICAL - PART: ART EDUCATION
OF PRIMARY SCHOOL STUDENT
TEACHERS - 3D SCULPTING PROJECT

Analysis

The empirical data showed that not all pri-
mary student teachers remember the visual
arts classes from compulsory school and
seldom possess experience with explor-
ative work processes. The lack of connec-
tion with previous experiences made them
feel insecure in the divergent landscape of
the subject and in need of scaffolding in the
development of their abilities to understand
the teacher’s guiding role. In the study, the
primary modelling became crucial to un-
derstand form as well as the relationship
between two- and three-dimensionality.
Further, including didactic elements in the
process to understand the connection be-
tween creating and learning were important
considerations together with the reflections
on the critical aspects that must be taken

3 Lessons observed on 15 September 2021, 18 October 2022, 15 March 2023 and 15 April 2023.
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Images 1and 2. Sculpture of a sea horse in metal wire and clay (https://skfb.ly/oonSD). Photo: Dan Tommi Hildén.

into account in order to stage learning in
school (Lindstrom & Pennlert, 2016).

The research project was based on
Hildén’s teaching in a university course for
primary student teachers comprising 30
higher education credit points. The starting
points of the assignment to the primary stu-
dent teachers was for them to be able to see
the connection between the use of analogue
(traditional, manual techniques) and digital
techniques in the visual arts classroom with
primary school children. Another starting
point was to create an understanding of the
use of digital tools and CAD-based media.
In this respect, the skills of handling mallea-
ble media, like clay, provide a way of cre-
ating an understanding of the relationship
between two- and three-dimensional forms.
Hildén built his didactical intervention on
the concept of double didactics (Hildén et al.,
2024), where the future teaching of pupils in
primary school was the intended goal of the
primary student teacher’s learning.

SCULPTING, PHOTOGRAMMETRY ANDCOMPUTER-AIDED DESIGN (CAD)

Background to the 3D project - trying out
the model of 3D sculpting

Hildén was interested in exploring how
manual abilities can be taught through on-
line-based education and how the optical
and haptic qualities of sculpting can be
effectuated in the teaching with primary
student teachers. The question was wheth-
er it is possible to transfer a manual doing
into a digital form and back again? A major
obstacle with the use of online-based tech-
nology like TinkerCad is that the teaching
is then based on optical and audio commu-
nication. The haptic and the tactile areas
are neglected as is the spatial one, even
when the teaching takes place in the same
classroom through individual computers.
In sculpting before the 3D visualisation,
it is important to experience the sculpting
haptically with the fingers and touch to be
conveyed virtually and optically with the
eyes. To test his interest and prepare for the
didactical intervention, Hildén tried using
photogrammetry as a method to digitise a
sculpture, a seahorse called HippoCampus
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(Images 1 and 2). He selected suitable il-
lustrations of seahorses from old scientific
books as a starting point and inspiration.
He welded together the steel frame that
holds the clay in place and the sculpture
upright during the work while at the same
time trying to convey life and movement
by working the surface. The model, trans-
ferred through photogrammetry and made
virtual, can be twisted and turned on the
screen to see the size, surface and the trac-
es the hands have left behind. In this way,
it can be seen in and experienced as a 3D
model and manipulated further if required.
Hildén experienced this as a method com-
ing as close as the optical sensation can get
to the haptic sensation.

Photogrammetry

Photogrammetry is the art and science of
extracting 3D information from photo-
graphs. It is a field of technology where
photographs are used, among others, for
various kinds of measurements such as
for determining the exact positions of geo-
graphic elements like topographic maps,
but also to create rotatable 3D models of
photographed objects or 3D visualisations
of various kinds. Historically, the earliest
photogrammetry may be traced back to
the 15th century when analysing the use of
geometries in paintings. The concept and
principle are over 100 years old. Projective
geometry in the mid-17th century was the
next step in development, entailing ana-
lysis of the relationship between an object
and its projection onto a surface. Aimé
Laussedat is considered to be the creator of
photogrammetry. He applied the technique
for the first time in 1849 at Hotel des In-
valides in Paris. Dr Albrecht Meydenbauer
(1834-1921) was the first to use the word
photogrammetry in 1893 (History of pho-
togrammetry, u.a.).

Todays, it is digital technology that has
given the principle a considerable boost.
Along with private drones and high-reso-
lution cameras, photogrammetry has led
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many to digitise 3D models of their sur-
roundings. A photogrammetry model takes
shape through triangulation. Triangulation
in this sense means taking overlapping pho-
tographs of an object, structure or space,
and converting them into 2D or 3D digital
models. It is the different positions of the
camera relative to the photographed object
that determine what shape the 3D object
should take. 3D models created through
photogrammetry retrieve texture informa-
tion directly from the photographs. The re-
sult can therefore be very realistic and sim-
ilar to the original (SND; Photogrammetry,
2019-10-29, pp. 5—6).

The assignment for the primary

student teachers

The assignment for the primary student
teachers arising from Hildén was to think
about how they could use 3D and Tinker-
Cad with pupils in primary school. His
interest in developing the assignment with
the CAD program stemmed from a desire
to figure out a didactic progression in his
teaching in the subject visual arts, both for
student teachers and especially for pupils
in school. Hildén’s thinking was to clari-
fy for the primary student teachers how
pupils can work in clay and after this use
photogrammetry based on photographing
the object, and then finally print the ob-
jects designed in the CAD program using
a 3D printer at primary school. The level
of use of photogrammetry and CAD pro-
grams should, of course, be adjusted to the
school year and level of the pupils.

The CAD program used in the assignment
was TinkerCad, a free-of-charge web appli-
cation for 3D design (www.tinkercad.com).
It can be used on different levels of knowl-
edge and skills in computing, making it us-
able with small children as well as in work
where advanced manipulations are needed,
like object-design, environmental design,
architecture and so on (see Buhl and Skov
in this issue). The assignment was made up
of several parts:
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Choosing an everyday object, sketching,
sculpting and photographing

1.  choosing an everyday object,

2. sketching drawings of the everyday
object with pencil, chalk or charcoal,

3. sculpting the everyday object in clay or
another moulding material,

Modelling a 3D object in the CAD program,
documenting and having a didactic conver-
sation

4. working with the CAD program (Tin-
kerCad) and making a virtual 3D mod-
el of the everyday object,

5. documenting the working process by
photographing the sketches and the
clay sculpture and putting them into
a visual log, and writing comments
about the process,

6. presenting the work to the other stu-
dent teachers and having a didactic
conversation about the learning pro-
cess supported by the art teacher ed-
ucator,

Photogrammetry and 3D printing a virtual
replica of the everyday object

7. photographing the sculpted version of
the everyday object to prepare for the
photogrammetry where about 70-100
photographs must be taken of the clay
sculpture to prepare for the photo-
grammetry,

8. photogrammetising the everyday ob-
ject by sending the photographs to a
digital program to transform them
into a virtual model for 3D printing,

9. carving out a virtual replica of the
sculpted object digitally,

10. printing the TinkerCad version of the
everyday object using a 3D printer (op-
tional).

RESULT — DESCRIPTION OF
PROGRESS WITH THE PROJECTS

Prior to the lesson, the primary student
teachers were instructed by the art teacher
educator to draw images in different tech-
niques and shape physical objects in clay be-
forehand, to train their perceptive (optical),
haptic and kinetic skills. Before the activity
commenced, Hildén explained that a phys-
ical object must be experienced haptically
with the touch of the fingers besides being
conveyed optically with the eyes before go-
ing virtual. This made it important to draw
the object and make the sculpture in clay
and use only the hands without any tools.
The making by hand needed to come before
the 3D visualisation. In the introduction to
the lesson, the art teacher educator talked
about the connection between brain and
hand and linked this to the course litera-
ture, describing the relationship between
the optical and the haptic.

As further preparation, the primary stu-
dent teachers were instructed to create a
process log using both text and visual repre-
sentations where their learning process was
to be documented as a basis for the subse-
quent didactic conversation with the other
student teachers and Hildén. The student
teachers were instructed to save their draw-
ings and photographs of their process and
objects in the process log and to continuous-
ly reflect on their work by documenting and
writing in Canvas, the web-based learning
management system used by the university
in question.

Choosing an everyday object, sketching,
sculpting and photographing

The lesson started by asking the primary
student teachers to first: 1) choose an every-
day object, for example a cup, to work with;
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Image 1. Drawing in charcoal of a coffee mug by a primary student teacher. Image 2. Drawing of a cup and a cup modelled in
plasteline made by another primary student teacher. Photo: Tarja Karlsson Haikio.

2) sketch the chosen everyday object with
pencil, chalk or charcoal; and 3) sculpt the
object in clay or some other mouldable ma-
terial. The primary student teachers started
drawing sketches with pens, charcoal etc.
The student teachers were requested to
make the drawings of their clay-cup at dif-
ferent angles. They worked with shading in
the sketching of dark-light. In this shading,
they needed to deal with the relationship
between the physical reality and spatiality.
Several primary student teachers decided
to draw a cup or a mug as their everyday
object (Image 1). You can almost smell the
coffee from the slightly blurred, foggy ex-
pression of the drawing.

Understanding the spatiality—form re-
lationship is also part of the work with
different mouldable techniques, rolling,
thumbing etc. The next step for the student
teachers was to transform their sketches of
the everyday object from a two-dimensional
drawing into a three-dimensional sculpture
in a moulding material they had selected,
which could be clay, plasteline or some oth-
er material (Image 2). The student teachers
started shaping their chosen everyday object
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in a mouldable material and later showed
their sketches and sculpted objects to each
other. What the primary student teachers
had chosen to create did not always turn out
as they had imagined. The artistic process
thus included dealing with failure and being
able to see that things which are done do not
always turn out was expected, but can turn
out to be something else, which provides
the conditions for moving forward in the
process.

Observations notes show that one of
the student teachers shows the sketches he
made of his mug from his process log. The
art teacher educator comments that the stu-
dent teacher has come a long way with his
idea based on the sketch. Sketching is like
thinking out loud, but visually instead, he
says. The student teacher has made a proto-
type for a tea light holder (Image 3). The art
teacher educator talks about the problem
of drawing the mug from the clearest side
and the difficulty with the drawing to show
that it is a mug, and to create an illusion
of three dimensions where one must also
understand what is not visible, or what is
at the rear. He talks about tenderness in
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Image 3. Photo from the process log of a primary student
teacher showing the drawing and the plasteline model of a
tea light holder. Photo: Dan Tommi Hildén.

the images, a quality in the images creat-
ed through the expression of the material.
The teacher educator talks about perfection
and the the student teachers’ experience of
their own creations and brings a didactic
dimension into his argument and talks
about the teaching work in the upcoming
role as a teacher. The difficulties in drawing
three-dimensional objects are the same for
pupils in school. He talks about how the
assignment is a way for the student teachers
to gather ideas for their upcoming teaching
role and to obtain ideas about what can be
done with the pupils.

Modelling a 3D object in the CAD program,
documenting and having a didactic
conversation

The next step for the primary student teach-
ers was to learn to use the CAD program
and to digitise their everyday object into a
3D model. When the student teachers were
content with their creations, they were
asked to set up an account in the TinkerCad

program. TinkerCad is made for teachers
and there are various commands to choose
from and the art teacher educator showed
how this could be done. TinkerCad requires
no download and can also be used with a
tablet computer. This is an advantage if the
work must be done in a classroom. The fact
that TinkerCad programs are free-of-charge
also makes them suitable for school budgets.

The art teacher educator initially goes
through the functions of the TinkerCad
program since the student teachers must
first learn to work with basic shapes (Im-
age 4). The student teachers are then given
time to learn how to work with basic shapes
like cubes and cylinders in TinkerCad. They
had different experiences with solid model-
ling, which is based principally on standard
geometric shapes, and can be combined in
various ways, as mainly developed from the
Boolean operations of subtraction, addi-
tion and intersection. The student teachers
needed to understand how the 3D shapes
are presented through shadows in a 3D en-
vironment on the screen. The 3D sculpting
process requires 2D and 3D thinking where
the physical object’s transformation into
three dimensions is part of an image-making
process. The advantage of virtual objects is
that they can be presented in varying sizes
to find the optimal size for the final work.
What proves difficult is forming the idea of
size in the virtual space, or the relation be-
tween the image space and representation of
spatiality in the image. How big is the ob-
ject supposed to be? Another advantage of
virtual objects is that they can be presented
in varying sizes and scales to determine the
optimal size for the final work.

During the activity, the primary student
teachers frequently ask questions. How
does the board, or worktable in TinkerCad,
rotate? The art teacher educator is happy to
show and encourages the student teachers
to ask each other. He instructs and shows
how to see the worktable in the CAD pro-
gram from all sides. The student teachers
start asking each other questions in the chat.

SCULPTING, PHOTOGRAMMETRY ANDCOMPUTER-AIDED DESIGN (CAD) 39



,,,,,,, O»e:Q
Kub. ritblock pyramid och - cylinder - -
f e B
)
e o
Kot / svér cylinder ®
-

»

Image 4. The TinkerCad board of options of forms to use while building a virtual artefact. Image 5. The TinkerCad board of one of
the primary student teachers showing how to use the function Hollow to make the hollow centre in the virtual artefact of a coffee

mug. Photo: Tarja Karlsson Haikio.

How do you chop off the top of a cone? The
art teacher educator shows. After a while,
when the student teachers are more famil-
iar with the CAD program, the art teacher
educator gives them an assignment to create
their clay-cup in TinkerCad based on their
sketches and to then design the cup on the
board with the shapes in the CAD program
(Image s5). In this phase, problems often ap-
pear since the student teachers create a more
generic kind of cup compared to their draw-
ings, depending on their lack of knowledge
with handling the CAD program and its
design tools.

The drawings, the object in clay along
with the 3D modelling with TinkerCad
formed the basis of a didactic conversation
between the art teacher educator and the
primary student teachers during the lesson.
A student teacher asks about how to make a
cup shape. The art teacher educator begins
by showing how to create a form and then
works on it in front of the students. Anoth-
er student teacher suddenly instructs the
art teacher educator and suggests that he
use a different form that could work better.
The art teacher educator tries this out and
it works well. He says that in the modelling
process you do not need to know everything,
but it is important to learn enough to be
able to use the program at a basic level. The
student teachers then advise each other to
watch YouTube clips that they believe pro-
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vide considerable clarity. The student teach-
ers give each other more tips on how to do
things and show each other functions in the
CAD program and state that it is good to
look at the object from several angles and
to constantly twist and turn the everyday
object on the screen.

In the next phase, the primary student
teachers show their drawings and their
formed objects and describe their thoughts
about the process to each other. One student
teacher, who has a 3D printer at home in the
basement, has already completed the pro-
cess in TinkerCad. Her idea was to create a
square mug so that it would fit in the dish-
washer better. One of the primary student
teachers shows her mug and says that it was
tricky to put the hole in it. She says that she
worked on alternating between the func-
tions Solid and Hollow in the CAD program
and solved the task that way. The art teach-
er educator tells the student teachers that it
is possible to work with the transparency
function in the program, which enables,
for instance, a hole to be made in the mug
and the form to be altered. Another student
teacher wishes to show how he made his
mug. The student teacher was inspired by
a drinking mug and a coffee bean. He says
that it can be good to have two handles in
case you are frozen outside and then it is
good for the cup to have mittens (Image 6).

Another student teacher worked on a
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Image 6. Amodel of a mug that is shaped to pour out liquid, seen from above. Photo: Tarja Karlsson H&iki6.

car that is a more advanced and complex
form to shape. The student teacher had
not double-checked the measurements. He
discusses: What level of difficulty should be
assigned to primary school pupils? Maybe
they do not think a mug is so much fun, for
example? Maybe it is more fun to solve a
problem or choose another object that the
pupils like for different reasons?

One student teacher says that she fum-
bled a lot in her work process, but when
she watched how the others were doing it,
she started trying, and then it became more
fun. She shows several different mugs to the
others. She says that it is about cracking the
code for how to work with the program
between the physical and the virtual, albeit
the process is time-consuming and that she
made the same mistake several times before
the process functioned. The art teacher ed-
ucator comments that this is a perfect ex-
ample from a teaching point of view, where
it is important to understand that this is ex-
actly how it is in the classroom with pupils;
namely, they make the same mistakes over
and over again before they learn. You must
be patient.

Another student teacher shows her sippy
cup. She has worked on scaling different

forms and had tried to understand how
different forms can be used in relation to
each other. The student teacher notes that it
helped a lot to hear the other student teach-
ers’ problems and ideas because it broad-
ened her own frame of reference regarding
what can be done in the CAD program. It
has been fun, says the student teacher, but
there is still a long way to go in terms of
knowledge to make things that you would
like to use professionally or privately. The
art teacher educator asks if she would con-
sider working with this at school? The stu-
dent teacher believes that while it may suit
some pupils, other pupils may like to work
with analogue materials instead.

When the student teachers have succeed-
ed in creating a cup in TinkerCad, the art
teacher educator and the student teachers
discuss different strategies for the mak-
ing-process. Which differences did they no-
tice? And how could they use the differences
in their becoming teaching? Most of the pri-
mary student teachers are frustrated when it
comes to the use of digital tools, while man-
ual techniques are experienced as easy. They
reflect and think that this will also apply to
the pupils in primary school. The student
teachers understand the didactic ‘thinking’
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Image 7. Athought model of the positions to use in photographing an object as part of photogrammetry from all sides with up
to 100 photographs. Image 8. A3D printed object in front of a TinkerCad-modelled rabbit made by one of the primary student
teachers after becoming more familiar with the program and making more advanced items. Photo: Dan Tommi Hildén.

they have to do to be able to make the cup
with their hands to subsequently be able to
make the work easier in both the digital and
virtual worlds. The visual storytelling and
expression in immersive experiences can
be anything from figurative and realistic to
purely abstract and be based on film, pho-
togrammetry, computer graphics etc. (The
Swedish National Heritage Board, April,
2021).

Photogrammetry and 3D printing a virtual
replica of the everyday object

The next step in the process was to use
photogrammetry. With photogrammetry,
a model takes its shape through triangula-
tion where an object is photographed from
all sides to obtain as much information as
possible about the object. In this case, the
art teacher educator instructed the stu-
dent teachers to photograph their sculpt-
ed everyday object from all angles using
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70—100 photographs (Image 7). After the
photographing, the information was sent
to a digital program to permit further work
on the object virtually — the object is pho-
togrammetised. When the object is trans-
ferred by photogrammetry, there is a virtual
replica of the object that should be ‘carved’
out virtually using the tools available in the
program. Here, the student teachers needed
to find the object in the virtual space in the
computer program and then ‘carve’ out the
object using a tool that erased the virtual
material around the object. This proved
to be a very time-consuming activity that
required a lot of patience. After this, the ob-
ject could be transferred to the TinkerCad
program and placed on the virtual board for
further manipulation.

The student teachers discuss primary
school didactics during the lesson. They
agree that photogrammetry is probably
the most interesting as a technique for
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early years pupils, where play forms an
important part of the studies. The primary
student teachers suggest that pupils could
design their own playing objects that later
on could be printed out and used as small
toys or as game pieces in board games that
also could be designed by the pupils (Im-
age 8). The student teachers sees here the
possibility for making progress where the
photogrammetry could be favourably used
with younger pupils in early ages, while
the CAD design could be used in the lat-
er years of primary school or on the upper
secondary level. They also discuss if maybe
the photogrammetry should be done by the
teacher in the first case, while in the second
case the pupils could perhaps learn to use a
3D printer themselves. Here, they suggest
collaboration, for instance, with the teacher
in technique or sloyd subjects.

The art teacher educator constantly talks
with the student teachers from a primary
school teaching perspective. Pupils think
that 3D is something that only exists in a
computer or phone. He refers to children’s
gaming and that many pupils are used to
seeing 3D representations. He asks the stu-
dent teachers if they think the pupils really
understand what they see? The art teacher
educator talks about progression in knowl-
edge of shape and colour from grades 1—3
to 4-6. In grades 1-3, he believe s that pu-
pils need to work concretely with materials
while pupils in grades 4—6 could move on
to the digital.

The progression in the teaching between
ages is one aspect discussed during the Tin-
kerCad lesson. In the interview Hildén has
made with Joacim Harrysson, a 3D tech-
nician at the university, Harrysson stress
the importance of working with loops and
being an ambassador for 3D work. By loops,
he means that children and students should
be introduced to 3D and CAD in a progres-
sion based on their age and with an empha-
sis on the fun, where the technical aspects
should be given more and more space the
older the pupil or student becomes. In the

teaching with younger children, who do not
yet have the right concepts language-wise,
the tactile and bodily-sensory experiences
are a basis for being able to understand the
world around them and later on for them
to be able to find the right words (Karlsson
Hiikio, 2018). These experiences then form
the basis for developing an understanding
of other things and phenomena on an ab-
stract level.

In the last step, the primary student
teachers were able to print out their CAD
designed objects using a 3D printer. While
this was free to choose, it also entailed a
small cost for the student teachers. The
person responsible for the 3D lab (Joacim
Harrysson) show them the 3D printing pro-
cess and the different options for printing
available at the university. He also tell the
primary student teachers what is important
to take notice of while printing and what
to think about in case the student teachers
want to have a 3D printer at their schools
in the future. He also offer especially inter-
ested student teachers the opportunity to
contact him for more advice and instruction.

DIDACTIC IMPLICATIONS FOR HIGHER
ART DIDACTICS — ADISCUSSION OF
THE RESULTS

Hildén’s teaching took its stance from the
double didactic perspective (Hildén et al.,
2024). The role of technology in the school
subject visual arts from such a perspective
means that technology is functioning as a
tool in art education with primary student
teachers, but will subsequently be effectuat-
ed with pupils in school. Hildén’s aim was
to teach student teachers to see the potential
held by the combination of analogue and
digital media. He wanted them to try out
handling the process from two-dimensional
drawing and sculpting and to transform this
into a virtual object with a CAD program.
To strengthen the learning process, he used
textual and visual process log-writing. The
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primary student teachers’ logs consisting of
text and images provide a tool to help the
art teacher educator gain insight into their
thoughts, considerations and choices, but
also as a means for assessment. Methodi-
cally observing oneself and one’s actions
constitutes an important educational tool.
By using a process log, both parties — the art
teacher educator and the student teacher —
have access to the student teachers’ written
materials, which the supervisor also needs
to read to be able to follow each student’s
learning process. Through use of self-obser-
vational data, thoughts and feelings as they
occur in their natural context can be made
conscious (Chang, 2016, pp. 78-79).

Seen from a socio-cultural perspective,
this means that the way we think, commu-
nicate and learn is strongly dependent and
influenced by the context and environment
in which it takes place (Karlsson Haikio
& Ericson, 2017). The traditional way of
working analogically and spatially is seen
by many as the norm. There are fears of
fragmentation and missing out informa-
tion or content in the teaching, especially
when the physical space does not bring the
parties together in the same room in a net-
based conversation and thoughts and ideas
are not shared in that room. Based on our
study, the learning of the student teachers
can be problematised. Would more efficient
learning have taken place had the art teach-
er educator instructed the student teachers
and who then followed the instructions,
instead of having a more explorative ap-
proach whereby the student teachers were
part of the process via their own and mutual
trial-and-errors? How does this kind of ap-
proach affect the power structure between
the art teacher educator and every individu-
al student teacher when the art teacher edu-
cator is still the one to assess the assignment
and the university course?

Today, it is possible to let computers
and machines do part of the work, even
in school. When computers do part of the
work such as with 3D printing, it is still the
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individual who creates and designs (Borg
et al., 2021). For the teacher in a teaching
situation with computers, it is important
to ask where the learning takes place, how
it is done, what the pupils/students are ex-
pected to learn. There is a need to redefine
learning when digital tools enter teaching
in school and where traditional techniques
are combined with new technology. The
relationship between the virtual and the
bodily senses, the optical and the haptic,
becomes even more important to address
because the thinking is expressed through
our hands manually. Mills’ (2016) ambition
to create a sensory literacy aligns with the
socio-material aspirations of today. In this
context, and through the expanded digital
opportunity, the pupil or student has to
form knowledge where the computer also
includes a spatial dimension, or the virtual
space and the mental space of the pupil/stu-
dent (Girdenfors, 2001). For the teacher in
this hybrid situation, it is vital to ask where
the learning takes place, how it is done,
and what the pupils/students are expected
to learn. Perhaps it is more about simply
redefining learning when digital tools enter
teaching. In such a context, and through
the expanded digital opportunity, the pupil/
student has to form knowledge where the
computer also includes a spatial dimension
that requires in-depth thinking. This con-
tributes to the world of the pupil/student
being stretched in all dimensions at once,
where knowledge is mediated in a way that
takes advantage of all these dimensions and
happens as a stretched knowledge dimen-
sion (Fleischer & Kvarnsell, 2015, p. 86).
The breadth of possibilities in the content
of visual arts creates a wealth of references
to choose from, among which there are op-
tions to take different theoretical and other
perspectives and positions linked to issues
of, for example, gender, knowledge, power
etc. (Lind, 2010), through a wide range of
visual and rhetorical techniques (Skéreus,

2014, pp. 14, 117).
The use of technology in visual arts edu-
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cation raises some concerns with regard to
learning and new thinking patterns. A com-
bination of analogue and digital techniques
as well as the development of a critical abili-
ty to analyse and interpret images (material
and sources of images) are highlighted more
clearly in Lgr22 (SNAE, 2022). Now that
digital images have become central sources
of information in global society, the lack of
accessibility to new media is seen as a major
problem in schools along with teachers’ lack
of digital competence (SNAE, 2015a, p. 22).
What does this virtual reality look like and
how can the stretched dimension become
part of the visual arts classroom? There are
possibilities for two-way communication
in speech, writing, image, moving image in
real time and, ultimately, the virtual reality
can include touch and other activity where
the participants in the act of communica-
tion can influence the simulated event in
real time (Marner, 2005). When writing
about virtual reality, the Swedish National
Agency for Education (2018) states that itis
difficult to say anything general about the
effects of using digital technology in school.
The research evidence shows that the exis-
tence of digital media has not clearly estab-
lished positive or negative effects on pupils’
learning. What we do know is that pupils
who are experienced with digital games
have an easier time embracing learning in
virtual worlds (Han, 2017). The technical
equipment that most pupils, teachers and
schools have today is sufficient to digitise
a physical object and - for instance — Tin-
kerCad is free of charge. The computer, this
mediating tool used for knowledge forma-
tion, allows lingering in a kind of space ac-
companied by very specific conditions for
social interaction.

CONCLUSION

The aim of the described project was to
contribute to the enhancement of know-
ledge of sculpting, photogrammetry and

CAD (computer-aided design), particularly
the use of TinkerCad, in visual arts educa-
tion with primary student teachers. Teach-
ing in higher art education is a sensitive sit-
uation where trust and sensitivity must be
established between student teacher and art
teacher educator as a starting point for the
teaching conversation. A good and compre-
hensive basis allows both parties to be suffi-
ciently open in the conversation and for the
student teachers to be able to see various
opportunities to be able move forward with
their artistic work and didactic reflections.
As a supervising art teacher educator, one
needs to acquire specific knowledge about
a student teacher’s work process, which is
why they are often asked to keep a logbook
or other equivalent documentation on their
process. Drawings and sketches are embry-
os or first notes about ideas or thoughts that
may in the future become works of art or
ideas for teaching. The method combining
classroom instruction with computer-aided
instruction, or online-based learning, with
writing a reflective log was used as a way
to systematically reflect on the primary stu-
dent teachers’ own processes. Information
and connections are often gathered, which
are interesting to discover later in the pro-
cess. The method of writing a log about the
learning process was used as a way to help
the primary student teachers to see import-
ant and relevant moments and use this ma-
terial as a basis for didactic conversations.
The research project showed that a com-
bination of new technology (photogram-
metry) and computer-aided design (Tinker-
Cad) together with writing a textual and
visual process log can create a sufficient
basis for a constructive didactic conversa-
tion from a double didactic perspective in
primary teacher education. The art teacher
educator wanted to influence the future
primary student teachers not to skip im-
portant, more traditional, steps to access
modern technology and the possibilities
that it offers. Another question was, from a
double didactic perspective, how to create
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an understanding about pupils concerning
the new social and spatial dimensions that
virtual reality offers in primary school. The
conceptual space, defined by Girdenfors, is
a way of describing parts of the learning
process that takes place in the transforma-

a three-dimensional form. The transposi-
tion of the visual and spatial knowledge
between the two-dimensional images and
the three-dimensional has to do with both
optical and haptic dimensions where senses
and thought interact.

tion between two-dimensional images and
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From ‘tool’ to ‘collaborator’:
Digital 3D modelling as a catalyst for new
aesthetic practices — A study of student
teachers’ education in visual arts

Mie Bubl & Kirsten Skov

INTRODUCTION

The renewed interest in digital program-
ming and computational thinking in Nor-
dic education offers fresh opportunities
for visual arts teacher education to en-
gage with contemporary artistic practices
(e.g., Andersen et al., 2022). Still, access
to these opportunities may be associated
with certain reservations about digitalisa-
tion among practitioners in a subject tra-
ditionally linked with analogue means for
art making and the promotion of sensuous
experiences as a core identifier. Why spend
even more time on digital devices, which are
already a time-consumer embedded in ev-
ery aspect of our daily lives 24/7? Why not
make the visual arts classroom a technol-
ogy-free zone where bodily contemplative
interaction with physical materials offers
an escape from a digitalised environment
and hence a space for potential personal
growth? The short answer is that education
is about being in and tackling reality, rath-
er than building a fence against it. Further,
visual arts hold the potential to explore the
implications of technology by using it both
as a means for art-making practices as well
as addressing it as a theme for challenging
our assumptions about what it means to live
in a digitalised world.

A critical discussion on how to deal
with digitalisation in all its transformative
aspects is relevant and necessary — also in
the field of visual arts education. Yet, vi-
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sual practices based on principles from
another field of knowledge, namely com-
puter science, pose a challenge for art that
is interesting to pursue. Art is inherently
characterised by exploring and questioning
phenomena in society — observing the un-
observable aspects of sociality (Luhmann,
1993) — and by seeking and exploring ever
new forms of expression and communica-
tion. Thus, in this article we do not want to
discuss whether or not, but rather what can
be gained from doing digital coding activ-
ities in the visual arts classroom based on
two very practice-oriented, but also poten-
tially professionally innovative questions:
1) how does an art practice of digital coding
and construction provide the artist with
new forms of experience through the pro-
duction process; and, 2) which new aesthet-
ic qualities emerge from programmed art?
These questions relate to all artistic practices
that involve coding activities, although this
article limits the discussion to digital 3D
modelling as a form of sculpture.

This article takes its point of departure
in the assumption that digital coding as a
means for art-making is epistemologically
and ontologically related to practices of
conceptual art. As the conceptual artist de-
velops an idea, creates a ‘recipe’ for a work
that comes alive in the encounter and inter-
action with an audience, so does a ‘digital
coder’ produce a recipe for the computer to
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execute and make available for interaction
with a user (Buhl, 2019).

The conceptual art-making process is
related to planning based on an idea rather
than the execution process of manual ma-
terial manipulation. Let us take sculpting as
an example of a process of manual material
manipulation. When we enter the art class-
room and start making an analogue sculp-
ture, we are provided with clay and clay
carving tool to start a modelling process.
The modelling process with clay provides
material resistance as the dehumidification
process commences as soon as the clay is
freed from plastic and gradually begins to
dry out. The artmaker must work with the
clay and use the motoric skills of the hands
to model the material. This proceeds until
a certain point when the softness of the
clay has diminished, and the clay material
acquires a hardness where a clay carving
tool is needed to make new changes. At this
point, the artist must also ensure that the
ongoing dehumidification process is as uni-
form as possible to avoid cracks developing
in the object under preparation. The further
process moves towards total dehumidifica-
tion of the clay object and a final burning.
This is an example of a classic process that
takes place in the visual arts classroom,
along with the associated techniques need-
ed to produce a 3D object by manipulating
a physical material. Other soft moulding
materials such as plaster or papier-maché
represent a repertoire of manual skills to be
performed during the making process.

Yet, modelling a 3D artefact via comput-
er is a completely different story: the materi-
al (digital) is different, the skill requirements
are different, the processing from moulding
to printing — or not — is different. These are
processes to be discussed as a small part of
a wide repertoire of digital art practices of
tangible and intangible digital art which are
becoming an increasing element of contem-
porary art and thereby a matter of didac-
tics and pedagogy to address in visual arts
education.
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Thus, the purpose of this article is to
discuss how digital coding and construc-
tion may provide new practices in visual
arts education. The discussion is based on
a study of digital 3D modelling practices
performed by student teachers in visual
arts. The aim is to reveal potential new aes-
thetic qualities emerging from an attempt
to merge practices from two different epis-
temological paradigms: visual arts and com-
puter science (Buhl, 2019). Another aim is
to contribute to the discussion about how
digital coding and construction can become
a relevant part of a contemporary teaching
subject in teacher education. In this article,
the discussion draws on a Danish study
framed by a national initiative to general-
ly improve technological comprehension
in teacher education and a subject-specific
Nordic collaboration exploring digital 3D
modelling in art teacher education (Buhl &
Skov, 2021a). At the outset, regarding the
site-specific modelling of artefacts for an
urban environment the Danish study drew
insights from processes of sculpting and in-
stallations within the arts.

Accordingly, the study contributes part-
ly to the discussions on ongoing currents
in the Nordics about implementing tech-
nological comprehension, computational
thinking, and programming in education
from the perspective of visual arts educa-
tion (Andersen et al., 2022; Buhl & Skov,
2021a; Buhl & Skov, 2021b; Buhl & Skov,
2020), and partly to a subject-specific inves-
tigation of how digital technologies impact
the learning content in visual arts education.
The latter is the focus of this article.

The theoretical framing of visual arts
education based on Danish developments
The current wave of digitalisation in the
Danish education system affects the teach-
ing subject of visual arts education and the
education of future teachers. Working with
digital image-making in visual arts educa-
tion in Denmark is not new because images
provided by computing have formed part
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of the curriculum for grades 1-9 of com-
pulsory school since 1991 (UVM, 1991)
and of visual arts teacher education for
grades 1-9 of compulsory school since
1992 (UVM, 1992). As digital technology
development has progressed, the means for
art-making have varied from the earliest ex-
amples in the late 1980s (e.g., Skov, 1988)
to the emergence of digital applications in
the 1990s to 2010s such as Photoshop and
Paint that enhanced and simplified the digi-
tal image-making process for a larger group
of users (e.g., Buhl 2002; Flensborg, 2002;
Rasmussen 2017). In many ways, this po-
sitioned the digital production process as
a matter of being able to handle the digital
image-making tool by activating a cursor
on icons that were aligned with analogue
tools such as ‘brush’, ‘pencil’, ‘colour’ and
‘paint on the screen’. Towards the end of
the 20108, when the effects of even more
advanced algorithm-driven communication
had become evident, e.g., as an accessory for
“filtering’ reality on social media, attention
more strongly shifted to not just using but
also understanding how digital technolo-
gies work, which in some ways has revit-
alised the goal that more people should be
able to code and construct with a computer
to be able to generate images.

The development re-actualised the dif-
ference between creating images by hand
and the use of digital codes to create imag-
es. Digital literacy raises a question about
cognition and aesthetic education in the
subject. Will programming mean that the
visual arts subject will train programmers
instead of artmakers? Will the training
of digital skills take all of the focus at the
expense of contemplative processes of cre-
ation in physical materials? Will the pur-
pose of technology-based image-making
mean learning to understand how tech-
nology works rather than being able to ask
curiously critical questions about program-
ming and algorithms as phenomena of the
world around us?

The somewhat polemic contradictions

FROM ‘TOOL’ TO ‘COLLABORATOR’

between technology and art-making ex-
press a real concern that the unreflective in-
troduction of digital programming into the
school’s visual arts teaching could lead to
a professional practice whereby visual arts
activities using programming become help-
ers for developing computer science skills.
This scenario could become a reality if digi-
tal material is seen as a contrast to the sub-
ject’s analogue materials, such as clay, pa-
per, papier-maché, plaster, paint and chalk.
It could become the reality if programming
is practised in a socio-cultural context, de-
tached from the visual arts curriculum and
without discussing the aesthetic implica-
tions of making, for instance, 3D objects by
means other than the well-known plastics.
We argue that we need a reconfiguration
of the means for art-making and aesthetic
learning.

A new understanding of materiality

Visual arts education has a tradition of un-
derstanding material as a physical entity
available for human processing: ‘I’ mould
the clay, ‘I’ draw on paper, ‘T’ paint on can-
vas (Buhl, 2019). However, since the 1990s
digital processing has (e.g., Manovich &
Arielli, 2023) simulated many of these hu-
man-based activities, changing the role of
the artmaker into a ‘digital operator’ rather
than a ‘manual maker’.

A perspective emerged in research that
challenges the human perspective as a start-
ing point for professional practice, which
we will attempt to relate to an art practice.
The anthropologist Latour (2005) calls
the human perspective an anthropological
asymmetry. By asymmetry, he meant that
we understand everything we do in terms of
human will and action. If we apply that to
visual arts, for example, this means that the
making of a picture, a drawing or a sculp-
ture are expressions of human intention.

Latour was critical of the idea that the
human being is the only actor. Instead, he
suggested looking at the whole process of
— in this case, the art-making process — as
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a patchwork of many human and non-hu-
man actors. He explained that everything
which makes a difference is an actor (La-
tour, 2005, p. 71). This would mean that
brushes, sketches and clay are actors on
a par with the body, space, time, curricu-
lum models, mobile phones, chairs, tables,
subject discourses and whatever else exists
that helps to organise a concrete art-mak-
ing practice. Human and non-human ac-
tors are networked with us: the table we are
standing beside and the space we enter, the
things we say and do are driven by a long
tradition of similar practices using language
and symbols. Latour developed the idea for
his actor-network theory by following pro-
cesses in which professionals carried out
their knowledge practices. He thus showed
that professionalism is in the making rather
than a fixed entity. He described the notion
of actor-network through an example of a
group of biologists working on mapping
plant diversity in a forest standing in the
Amazon jungle and emphasised the many
and varied material practices and activation
of symbols and signs leading to the result
(Latour, 1999). Latour used this example to
argue that results of scientists’ work are not
simply a human-driven process. The same
can be argued about the art-making process.
The knowledge that emerge as an effect of
a series of dynamic actions with clay, com-
puters, software, artistic discourses, etc.
echoes past practices of investigations of
a similar nature. Latour thus broke with
a subject-object dichotomy, in which it is
only the intentional actions of - in our case
- the art maker that create knowledge, and
equate with human and non-human actors
as necessary participants in the art-making
practice. Drawing on Latour, profession-
alism is in ‘becoming’ through art making
practices.

We suggest taking this approach to
understand art-making practices in educa-
tion. The teaching subject of visual arts is in
‘becoming’ as meaning-making practices in-
volving human as well as non-human actors.
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Educational research has been inspired
by Latour’s actor-network theory (ANT).
British educational researchers Fenwick et
al. (2011) claimed that ANT is an opportu-
nity to rethink and intervene in established
pedagogical practices and thereby ‘reframe’
the taken-for-granted ways in which educa-
tion is understood. The authors argued for
pedagogical practices as socio-material pro-
cesses. They exemplified the materialities of
the school as continuous flows of pedagog-
ical events. This flow includes, for example,
clothing, timetables, access codes, pencils,
windows, stories, plans, chewing gum,
desks, electricity and light. These material-
ities are not considered as separate objects,
but as collections of materiality patterns,
also called hybrid assemblages. The mate-
riality patterns are continuously changing
and include human and non-human ener-
gies that are constantly combining into as-
semblages and dissolving away from other
assemblages (Fenwick et al., 2011, vii).

Visual arts are practised through, for
example, clay, paint, paper, art discourses,
tablets, bodies, classrooms, didactic models,
schedules etc., that offer different forms of
participation. These forms of participation
become part of the visual arts discourse in
art teacher education for a while and may
spread to other teacher training institutions.
There is a continuous practice of ‘doing’ that
is attributed meaning and it is these process-
es that can be studied and understood as a
form of knowledge assemblages. The pur-
pose of the socio-material perspective is not
to devise new theoretical categories but to
see new possibilities in the way in which the
current visual arts education is unfolding.

The fact that researchers point to the
non-human as something that acts may
seem quite speculative and provocative,
not least in relation to a subject where hu-
man expression is so much at the centre of
professionalism. Fenwick et al. state, for
example, that a subject is not separate from
an object, or that a knower is not separate
from knowledge, and that a learner is not
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necessarily a human being. The mentioned
authors (2011) observe that something oth-
er than humans’ seems highly relevant at a
time when a non-human actor - artificial
intelligence (AI) — not only acts but acts in
a way that is difficult to distinguish from
human actions. The rapid development of
Generative Pre-trained Transformer (GPT)
technology may even be an indicator of a
break from the one-sided view that all ac-
tion is the result of human intent, showing
us other non-human actors around us. This
approach provides us with a perspective on
digital technologies and programs as ma-
terialities entangle with other materialities
in art-making practices. However, the au-
thors’ aim is not to marginalise the human
being, but to draw attention to the fact that
learning and education are not only social
or personal processes. One must imagine
that learning processes take place in an
entanglement of materialities which create
a professional learning practice. In other
words, it is not only what the educator has
imagined will happen or what they see the
student teachers doing that constitute the
professional practice of a visual arts educa-
tion. Different materialities intertwine and
make up a professional practice driven by
the relationship between the energy flow of
the different materialities.

We suggest that the socio-material per-
spective on how professional learning pro-
ceeds provides a slight twist which forces
us to change our perspective on our own
practice, and not to discard everything
that is not about personal expression. The
perspective offers an opportunity to under-
stand that what is unfolding around us is
not only driven by intentional actions. In an
educational setting, this makes for a change
of perspective as we as educators are used
to focusing on students’ cognitive and aes-
thetic development. Still, Fenwick et al.
(2011) argue that the perspective can help
us to recognise nuance and understand how
learning practice unfolds through “visible
activity and invisible infrastructure, forms
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and purposes of knowledge activity, and
different combinations of materials, mean-
ings and energies” (Fenwick et al., 2017,
p.14). We come to look at our own teaching
practice with fresh eyes.

A socio-material perspective on aesthet-
ics alters the view on aesthetic learning
processes. From being seen as a sensuous
and intentional process controlled by the
human actor’s strive for the sublime, the
image-making process now becomes a
social and material interaction between
non-human and human actors, where
meaning-making emerges from this inter-
action. This also provides new perspectives
for the critical discourse in the teaching
subject aiming to reveal power structures
articulated through visuality as coined by
scholars in the visual educational field (e.g.,
Gude, 2004; Kiefer-Boyd, 1996; Pedersen,
1990) and with the integration of a visual
culture perspective (e.g., Duncum, 20710;
Freedman 2003; Illeris et al., 2004). The
socio-material aesthetic offers an entangle-
ment of human and non-human agency and
hence an opportunity for the teacher to plan
and practise based on a renewed perspec-
tive on what is at stake in the classroom. As
visual practice is argued to be socially crit-
ical and culturally intervening, this critical
disciplinary perspective is also highlight-
ed as a necessity in visual arts practice in
the context of the revitalisation of digital
programming in visual arts education (e.g.,
Knochel & Patton, 201 5; Knochel, 2016a;
Knochel, 2016b). Knochel and Patton
(20135) see visual arts as a crucial contribu-
tion to the debate on the role of technolo-
gy in society. They thus see programming
as a theme for visual arts practice, rather
than as a visual arts practice. However, a
discipline-renewing perspective on visual
arts practice holds wider potential than
using programming as a theme for digital
empowerment (Buhl, 2019). Contemporary
art offers a shift in focus from the produc-
tion of analogue objects as works (e.g., a
painting or a sculpture) to the development
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of concepts that are only activated as works
in the concept’s involvement of an audience
(Bourriaud, 1995).

From this perspective and in line with
other material practices, coding practice
would be a conceptual and material prac-
tice. Knochel and Patton (201 5) explain that
software is not a tangible matter, and that it
is the fact that it can perform code actions
that constitutes its materiality. Namely, it is
a ‘material system of activity’ consisting of
software, user interface, and the code lan-
guage used to connect the elements, which is
performed through programming. Viewing
materiality as something that has agency —
that it acts — provides an understanding of
what coding is as the new thing in visual art,
yetitalso provides a new perspective on ana-
logue art-making. In this view, art-making
is not the result of a human being having an
intention, deciding and translating it into
an art artefact. In this new view, art-making
is instead a process of negotiating meaning
between different materialities (clay, table,
clay carving tool, water, symbols, discours-
es, body, code language etc.) and turns the
process of aesthetic cognition into a system
of social and material actions (Knochel &
Patton, 2015, p. 30).

While this practice has always been the
case, the understanding of what goes on in
an art-making process has, with the chal-
lenge from programming, been given a new
perspective where the human actor is not
the exclusive one in focus. The focus is now
also on non-human actors and how these
actors are involved in the way meaning is
created. The perspective on art-making
practice as an activity system of social and
material processes equates digital materiali-
ties with other materialities, and the produc-
tion of a clay object can be understood with
the same socio-material logic as a digital
object. From this perspective, the processes
of coding for digital 3D modelling are not
add-ons to existing areas of competency
but become an integral part of the subject
that can contribute new aesthetic qualities
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of expression and generate new meaning.
Herein lies a subject-renewing potential for
the visual arts subject (Buhl, 2019).

Knochel (2016b) posited from an ac-
tor-network perspective that image-pro-
cessing programs are non-human didactics
because they instruct students on how to
perform visual actions. Inspired by La-
tour’s (2005) actor-network theory (ANT),
his example adopted a broader perspective
regarding how learning situations may be
approached as a complex of social and
material agency. On one hand, image-pro-
cessing programs simulate recognisable an-
alogue tools; on the other, they offer new
and different production possibilities such
as countless layers, multiple-form mani-
pulations and endless editing possibilities
without destroying the material basis. Tech-
nology offers a new materiality and thereby
new opportunities for art productions that
might surface in situations of practice. Fol-
lowing the perspective of Knochel (2016b),
image-making could be approached as a
social and material process with a new set
of possibilities for visual production where
digital technology is a co-productive part-
ner. An art-making class with digital 3D
modelling performed in a physical and on-
line environment forms a “continuum of
materials, ideas, symbols, desires, bodies,
natural forces, etc. that are always active,
always reconstituting themselves” (Fenwick
& Landri, 2012, p. 3).

Fenwick and Landri (2012) suggested
that the well-established dichotomy be-
tween human intentionality and non-hu-
man objects must be overcome for a fuller
understanding of learning processes. They
also suggested that the agency of digital
technology and other materialities may be
approached with the term hybrid assem-
blages to describe how learning emerges
from a continuous social practice of differ-
ent materialities of ‘doing’ to which mean-
ing is attributed rather than by an approach
drawing on a ‘human-using-tool-metaphor’.
Our art-making practices are not ours, but
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Design for teaching visual design

Exploring

Field research (visual ethnography)

Domain specific theory (visual culture,
site-specific art, mapping,
photography, digital media)

Group sharing

Reflection

 Group discussion

Theory generation
Didactic considerations

Putting into perspective

1(

T
oy 7

JL

o Ideation and design

o Ideas, sketching

o Contruction in Tinkercad
o Course litterature

o Group sharing

o Testing of design
s Virtual installation (GIMP)
« Group presentation

o Peer feedback

o Reflecting aestetic qualities

Fig. 1. Design for teaching visual design of 3D modelling developed by Mie Buhl, 2020.

something in becoming together with
non-human actors.

METHODOLOGY FOR
THE EMPIRICAL STUDY

Curious to explore how a social material ap-
proach might reveal new relations between
materiality and meaning-making, we con-
ducted a study of student art teachers engag-
ing in creating site-specific objects by coding
and construction activities with TinkerCad
(a cost-free application). The study was de-
signed as an integrated part of the ordinary
art curriculum with a duration of 8 hours in
the autumn of 2020 (Buhl & Skov, 20212).
Two classes of student teachers participated.
They were informed of the purpose of proj-
ect, their part in the project and the roles of
the teacher and the researcher prior to study
initiation. They all signed a declaration of
consent that followed ethical guidelines of
anonymity, data management and the op-
portunity to redraw from the project. The
study was based on the principles of a vi-
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sual design process (Fig. 1) that is generic
and can be adapted to different art-making
practices. Thus, the model served as both
as a structure for teaching visual arts and a
model for design-based research (Amiel &
Reeves, 2008). A particular research interest
was how 3D modelling, typically associated
with the artisanal manipulation of physical
materials such as clay, would change (or
not) when the modelling was performed
using digital coding and construction. We
were interested in learning about these situ-
ations of making: would they generate unex-
pected new practices, would new aesthetic
principles for processes of sculpting in the
context of 3D emerge, would new critical
insights about site-specific art be obtained?
The visual learning design was organi-
sed as a digital 3D-modelling assignment
using the software applications TinkerCad
and GIMP. The empirical data consisted of
teaching plans and materials, observations
(2 x 4 hours) such as photos and field notes,
and oral and written student evaluations.
Further, our co-researching along
with peer discussions provided a
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contextualisation of our observations. The
empirical data from the intervention phase
were approached and analysed from two
perspectives. The first perspective focused
on how digital technology was entangled
with other materialities in the student art
teachers’ practices of meaning-making (Fen-
wick & Landri, 2012). This indicated how
the designs were adopted as a means for
art-making. The second perspective concen-
trated on how the students approached and
engaged with the learning designs as curricu-
lum. This revealed how the art-making prac-
tices were negotiated in the collaborative
processes and how the students and teacher
attributed meaning to integrating principles
of computing into art-making (digital 3D
modelling). We present our empirical find-
ings in connection to the four phases (Fig. 1).

Framing the art-making practice

The visual learning design for the students’
digital 3D modelling was framed by prin-
ciples of exploring and designing and con-
tained the following elements:

Phase 1:

1. An on-site inquiry in an urban environ-
ment aiming to improve architectural
and aesthetic qualities and ensure expe-
riences with urban architecture through
photo documentation and the sketching
of ideas.

2. Introduction to site-specific art, digital
3D modelling in architecture, art, and
design in general, as well as to the Dan-
ish visual artist Morten Modin and his
artistic processes exploring digital 3D
modelling in terms of site-specificity,
materiality and scaling (Figs. 2, 3, 4).

Phase 2:
3. Introduction to and experimenting with

TinkerCad.

4. Design of digital 3D modelling proto-
types for the urban site and testing the
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visual aesthetics in relation to the code
blocks, programming and construction
produced by student teachers.

Phase 3:

5. Use an image-processing app (GIMP) to
place the prototype in the selected ur-
ban placement and provide a feedback
session.

Phase 4:

6. Reflection on digital 3D modelling in
art-making. Reflection on how to im-
plement 3D digital modelling in school
practices.

IMAGE-MAKING ENTANGLED INTHE
DISCOURSEOFTWO DIFFERENT
PARADIGMS

ll
JUL

Phase 1: Exploring and searching

After an introductory session on digital
technology in visual arts education, the
student teachers were presented with the
task of creating a 3D modelling assignment.
They were tasked with creating a visual and
virtual manipulation of a site-specific public
space. The art-making assignment was to
represent the three phases of a visual design:

1. Choose a site that you want to trans-

form a better place by adding ‘a certain
quality’.
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Fig. 2. Sitezspeci c work, Jernbanemodellen, Kunsthal Nord S1,.by Morten Modin 2018. ..
€:Spe 2 ‘

o
Fig 3. Site-specific work, Jernban n, Kunsthaﬁ S1, by Morten Modin 2018.
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Fig. 5. CBS-Kilen (the Wedge) — a public space and traffic connection point for bicycles between different university campuses
in Frederiksberg in the centre of Copenhagen and surrounded by a campus building (CBS) and a shopping mall (Frederiksberg
Centre). Photo: Kirsten Skov

2. Design a prototype in the cost-free
3D-modelling programme TinkerCad.

3. Create a virtual placement by using
GIMP (a free, open-source photo edi-
tor).

The observations showed while the student
teachers were generally open to the assign-
ment, they also showed some anxiety: “How
cool”, “how exciting”, “sounds difficult”,
“I wonder if I can do it...”. The combina-
tion of working site-specifically and with
digital 3D modelling pushed them into a
challenging situation that called for various
art-making skills.

The students were then introduced to
the first phase entailing instructions on
how to work site-specifically with visual
manipulation in an urban space, drawing
attention to the intersection of architecture
and sculpture. Here, exemplifying site-spe-
cific art works from different geographical
locations as well as representing prominent
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works in the history of art were used as both
atheoretical framing and inspiration for the
upcoming digital modelling.

The preparation for field studies on lo-
cation was a scaffolding of how to conduct
the inquiry. The teacher students were in-
structed to start from a place/site that could
be made an object to rethink, reformulate
or improve place by adding a certain qual-
ity that the place lacks. The reformulation
could be made by commenting on/drawing
attention to something, creating a function-
al or poetic solution, or working with interi-
or design/decoration/aesthetics. The explor-
ing was to be performed at the location and
the chosen focus was to be described and
documented visually by various sketch pro-
posals prepared in drawings and possibly as
small spatial cardboard models.

The students conducted the exploring in
a given space within a radius of a maximum
1 km from the Copenhagen Business School
CBS-Kilen/Carlsberg in the centre of Copen-
hagen city (Fig. 5) where they could select
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Fig. 6. View from the CBS-KILEN. Photo: Kirsten Skov.

a site/location they wanted to work with.
By adding this spatial framing, they were
scaffolded in the process.

Moreover, they were instructed on how
different means for exploring would help
with focusing and producing material for
the activities back on campus. They were
encouraged to take photos, video, sketches,
audio recordings etc. to capture the issue
at the location in question, discuss it with
peers, take notes, and to make initial drafts
of ideas for a manipulation at the mentioned
location. The fact that they were to practise
their inquiry in a public space to complete
their field studies exceeded some students’
personal limits of behaviour and some dis-
tanced themselves from the embodied ex-
perience of the site; others were triggered
to have a playful presence and become ab-
sorbed in the situation. The students reacted
with embarrassment as well as excitement,
and the agency of the physical space was
evident.

One group chose to focus on making a
solution to the consistent overloading of
parked bikes (Fig. 6) in and around the area
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of CBS-Kilen and make a practical as well
as an aesthetic proposal.

Phase 2: Ideation and designing

Ii
J

The next phase entailed the practice of
ideation and designing. The students were
instructed to ideate and design a virtual
prototype illustrating the reimagining of the
site-specific change. To be able to realise the
virtual prototype, the students were intro-
duced to the use of an application for digi-
tal construction activities. TinkerCad is an
online 3D modelling program used for de-
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signing for 3D printing. The program is pro-
moted as intuitive and easy to use, even in
early schooling. The programming of a 3D
object is done using code blocking, which
has similarities with, for example, LEGO or
Minecraft. The students were instructed on
how to use TinkerCad. Becoming acquaint-
ed with TinkerCad was facilitated as a lab
for the technical exploring of possibilities as
well as taking the first steps in ideation and
design. Further, the students were instructed
to construct a common professional visu-
al arts and technology glossary to support
awareness of a visual arts perspective and a
technological comprehension perspective as
well as possible crossovers between the two
disciplines, such as displacement, principles
of construction etc.

While working in TinkerCad, the stu-
dents were encouraged to investigate the
possibilities of changing the code blocks
and the resulting effect on the aesthetic vi-
sual output. After several experiments with
different shapes, repetition, constructing
with holes, and respectively with or without
transparency etc. in the prototypes, the stu-
dents were encouraged to creatively reflect
on the actions’ impact on the constructed
code and the visual expression. They were
to analyse the code blocks and their func-
tion in the algorithm and to examine the
effect of re-ordering the code and to assess
whether some codes were more important
than others. This was meant to establish co-
herence with technological comprehension
in terms of code blocking and construction
as well as contribute to a critical reflection
on the pros and cons of using technology
in art-making practices. To connect expe-
riences from everyday fields, the students
were asked to identify experiences similar
to programming and construction such as
Minecraft or LEGO.

The student teachers’ process of acquir-
ing TinkerCad, ideating and designing a
digital prototype was approached in various
ways. The educator shared with the students
that this approach was new to her too, that
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she did not know everything about the pro-
gram in advance, and that the application
was a joint venture of exploring digital 3D
modelling together. Simultaneously, she
shared her experiences from testing the ap-
plication herself and called for a function
that can challenge the geometric figures
the application is pre-coded to produce.
The call to explore both the possibilities
and limitations of using the application is
typical of a visual arts discourse: the desire
to challenge predefined possibilities of ex-
pression and experience. At the same time,
this call for joint exploration was an invita-
tion for the students to become both visual
co-researchers and co-teachers of what 3D
modelling enables in a learning context.

The students used both analogue and dig-
ital materials for sketching and modelling.
They were encouraged to work in groups
and use different media in the process. The
use of analogue tools for ideation was fa-
miliar, whereas the digital tools were not.
Encountering a new toolbox is one thing,
but encountering a scientific paradigm that
follows a logical principle which contrasts
with the logic of artistic representation is
quite a big thing to take in. The process of
ideation and designing merged from assem-
blages of computers, papers, art discourses
and computer science discourses.

A group of three students started work-
ing on and testing TinkerCad. They had
missed participating in phase 1 and thus
had not yet found the place for which they
would design an object. After working with
TinkerCad for a while, they left the room
to find the space they wanted to work on.
The group took a technology starting point
and explored TinkerCad before starting to
work with the art-making, thus breaking
with the design of the learning process. The
affordance of TinkerCad appealed to them,
they were more challenged by engaging in
the art-making part. This group worked
exclusively digitally. Another two-person
group began by looking for inspiration on
the Internet. They used the screen to search
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Fig. 7. Ideation and designing activities. Photo: Kirsten Skov.

and took notes next to it with paper and
pencil. A third (three-person) group started
by getting black and white card stock paper.
They then left the room to work in another
environment. A fourth group picked up
white sketch paper and started to do exper-
iments with TinkerCad as the group mem-
bers had tried the application at home and
had prepared for the group work.

The groups approached the obstacles
derived from unfamiliar coding operations
by developing coping strategies, such as ide-
ating on paper while one appointed group
member transferred it to Tinkercad. In other
groups, students used screens for the ide-
ation process and discussed the different
ideas within the group. There were also ex-
amples of students collectively discussing
and ideating within the group, while one
appointed group member transferred the
ideas to the screen.

Opverall, the exploration of the technical
possibilities of TinkerCad was done indi-
vidually, whereas the creative process with
the site-specific object was worked out in
groups. The screen attracted attention and
the moment the working started on the
screen the groups stopped talking to each
other. The laptops controlled the organisa-
tion as well as collaboration, for example,
the group process was interrupted when a
laptop had to be charged.

Different approaches to the task could
be identified. The groups were clearly chal-
lenged by the situation of combining the
logics of a digital coding paradigm and
art-making practice. They responded with
a range of actions: some went in and out of
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the room, sent text messages, fetched paper,
ate bananas, had coffee or took a break. The
self-organisation allowed the groups to pro-
ceed at their own pace. At the same time,
it encouraged ‘procrastination’ in terms of
using TinkerCad and working on idea dev-
elopment. Procrastination is not unusual
when engaging with creative processes and
is more to be understood in terms of the re-
latively short time frame the overall project
could allow to allocate to acquire a new
means for art-making.

The group developing a solution for the
storage of bikes around the CBS-KILEN
area did both analogue and digital sketch-
ing (Fig. 8). They worked with the principle
of transparency to maintain the area’s light-
ness and openness, the principle of ‘height’
to resolve the need to store the many bicycles,
and an organic form related to the cubic and
rectangular buildings surrounding the place.

Phase three: Interventions

L1

—_
—

)

In phase three, the first prototype of the
3D-modelled object for the virtual mani-
pulation of an urban space was to be tested.
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Fig- 8 Excerpts from the ideation and design phase (2). Photo: Kirsten Skov.




Fig. 9. Bike storage in context. Photo: Kisten Skov.

The students were requested to present their
proposal by making a digital placement of
the object in the intended context of the
urban space. TinkerCad affords a 3D print-
ing process and would allow for a tangible
experience of the prototype. However, 3D
printers in the typical academic institution
have a print capacity for very small objects,
which favoured a virtual solution in an im-
age-processing program. The open-source
editor GIMP was proposed. GIMP pos-
sesses the necessary functions for editing
and transcoding between different image
files, which was what the students required
to place their solution virtually in context.
Phase 3 was also where the idea, the aes-
thetic qualities of the model, and the model
in context of the chosen location was pre-
sented to peers for critical and constructive
feedback. Thus, the student teachers were
instructed to prepare three different varia-
tions of a proposal for an object that they
could present. They were to focus on the
formal effects of 3D modelling, such as
rhythm and repetition.

In preparing the presentation, the whole
focus was on the computer screen. The ob-
jects in three variations drew on one con-
cept. Computer technology provides these
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requested variations easily and rapidly,
while an analogue production would be far
more comprehensive. All groups were able
to make a presentation of their objects, but
not all could present the object in context.
Even though GIMP is relatively simple to
use, several struggled with the program.
This shows that the ideas of simple and
intuitive applications hold implications
beyond pure technical operations. Rather,
the entanglement of digital operations and
culture, discourse, and situatedness impact
how an application is approached. The
bike storage group managed to place their
virtual prototype in context (Fig. 9.). The
object is placed on site and could give an
impression of where and how the instal-
lation would be realised. Discussions of
aesthetic qualities like size, material, sur-
face, transparency were difficult to show
by merging the object with the context in
GIMP. Still, the oral presentation could
elaborate and form the basis for discus-
sions on the solutions.

The exercise in phase three invited
experimentation and play with scale that
is not 1:1 with the surroundings. When
objects are either scaled up to be mega-ob-
jects and mega-formations or, conversely,

TILDE ~ NUMMER TJUGO



mini-objects and mini-formations in the
site-specific context, this gives rise to new
ways of looking at the existing surround-
ings. The locations can be experienced as
dense, present, intrusive, overwhelming,
filled, manageable and intimate by objects
that are large relative to the context — or
the opposite, if the objects are small rela-
tive to the overall scale of the location. The
‘odd’ scale encounters can create new visual
meanings and experiences.

Working with scale in a site-specific con-
text requires students to make judgements
about aesthetics, function, meaning, extent
etc.

Phase four: Reflections

L1

—_
—

JU

As part of the teacher education pro-
gramme, the student art teachers are
obliged to use their own art-making prac-
tice experience for pedagogical consid-
erations in the perspective of their future
profession as an art educator. The entan-
gled practices of enacting art educational
‘assemblages’ such as digital and analogue
material, bodies, spaces, visual culture, art,
and computer science discourse etc. also
involve an education discourse. These
practices were involved throughout the
phases, but in phase four they were ad-
dressed with a particular focus on how to
articulate the agency of these social ma-
terial entanglements. The students were
required to distance themselves from their
own situations of ‘doing’ and articulate
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new insights regarding 3D modelling. No-
tably, there was a focus on matters of the
two paradigms art-making and computer
science because connecting these para-
digms is a profound change in visual arts
education. Questions were thus posed ad-
dressing the experienced art-making prac-
tice such as the relationship between the
constructed code and the created image
expression. This included them analysing
the code block used in TinkerCad and how
these blocks functioned, and how they are
created with programmable technology.
Were some features or blocks preferable to
others? They were also asked to compare
the work with coding and construction
with experiences gained outside class and
to discuss the advantages/disadvantages of
using digital technologies in design. How
did they evaluate their 3D modelled object
and describe its aesthetic qualities: Was it
static or dynamic — still or inmoving? Was
it an open and inviting model or did it
have a more closed expression? Were the
elements of the object organic, asymmetri-
cal or more geometric? They were asked to
reflect on ‘shape’, ‘breaks’, ‘displacements’
and ‘principles of constructions and con-
nections’ and to outline a common glossa-
ry for the two paradigms visual arts and
computer science.

It proved to be quite difficult for the
students to understand the possibilities in
TinkerCad for changing the code blocks
and the resulting effect on the visual out-
put as the students instead perceived it as
‘just’ a possibility of designing visual arts
as opposed to being a matter of technolog-
ical comprehension as well. Most students
had never used a 3D modelling program.
Further, it was their first real encounter
with the concepts and perspectives of tech-
nological comprehension. The timeframe
of about 8 hours determined by the over-
all project design did not leave them much
space to reflect and feel in charge in the
process.
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THE EVOLUTION OF NEW AESTHETIC
QUALITIES AND COLLABORATIVE
PRACTICES DERIVED FROM DIGITAL
3D MODELLING

The study aimed to investigate digital 3D
modelling as a mode of sculpting with re-
spect to two questions: 1) how does an art
practice of digital coding and construction
provide the artmaker with new forms of ex-
perience through the production process;
and 2) which new aesthetic qualities emerge
from programmed art? The following out-
lines some findings from the study.

The art practice of digital coding and
construction providing the artmaker with
new forms of experience through the
production process

The study revealed that it is difficult to in-
tegrate the logics of computer science and
the art paradigm. For years, visual arts
education has integrated digital media into
artistic practice. Yet, this has largely been
based on a tool metaphor by analogy with
other artistic tools. Digitising artistic prac-
tice is nevertheless much more than adop-
ting a new tool, and it must be considered
how the agency of technology is connected
to human agency in artistic practice. The
TinkerCad software should be understood
partly as an instructor and partly as a col-
laborator (Knochel, 2016b), although its
use requires a paradigmatic logic derived
from programming, deconstruction, and
computational thinking, which offers the
artist new possibilities if this paradigma-
tic logic is appropriated, adapted and ac-
cepted. Digital 3D modelling disrupts the
linear logic associated with craftsmanship
in analogue material such as sculpting
processes. The transformation of physical
material qualities into codes for an act of
programming creates another material en-
counter; namely, the encounter with digital
material. Digital material allows for mul-
tiple edits throughout the idea-develop-
ment process due to the technology’s lack
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of material exhaustion. Digital ideation
can also interact seamlessly with the many
ideation processes carried out on paper or
cardboard, thereby expanding the method
repertoire (Fenwick et al., 2011; Fenwick
& Landri, 2012). The students’ experience
of crafting an object by physical material
being replaced by a second-order command
using a computer keyboard created a clash
between the two paradigms of art and com-
puter science. Adopting a coding paradigm
— even though it was block coding — is very
different from the manual manipulation of
physical material. Modelling requires direct
eye-hand coordination, and the material is
altered by tactile pressure and motor inter-
actions between material and body - hu-
man and non-human actors. The students
experienced a new mode of 3D modelling
where the motor skills shifted from manual
sculpting to pressing the right computer key
and responding to digital material feedback
rather than physical material feedback from,
e.g., clay.

The study hence revealed a diversity of
meaning-making and collaborative forms
between human and non-human actors —re-
ferred to here as a hybrid assemblage (e.g.,
Fenwick etal., 201 1). Computer coding and
conceptualisation in art show similarities
in that both lead to a precept (algorithm/
concept) executed by the computer on com-
mand and/or realised by the encounter with
an audience. The conceptual art approach
transforms the artwork from being a piece to
be seen to an idea to be unfolded and realised.

The differences on the operational level,
where the integration of coding practice
with artistic practice adds to the complexity
is one thing, while another is the differences
in the paradigmatic discourses of the two
disciplines. A key difference is epistemologi-
cal: while the rationale behind computer sci-
ence is problem-solving (e.g., Wing, 2006),
the rationale behind artistic work is more to
identify and expose the nature of a problem
(Buhl, 2019). Integrating computer logic
with the logic of art in visual arts education
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should be done on the terms of art when
teaching visual arts. In the study, this ma-
noeuvre caused problems for the students,
partly because coding caused practical dif-
ficulties and partly because coding was per-
ceived as unfamiliar to the subject.

We argue that by approaching digital 3D
modelling from a social material perspective,
coding practices can be integrated as part of
the hybrid set of meaning-making practices
thatinvolve digital materiality as an actor. In
this context, computer science offers a new
repertoire of forms of expression, using data
as a new material and applying computer
science principles to design visual expres-
sions, actions and narratives. The realisation
of this, however, requires the calibration of
the data science knowledge paradigm so that
itcan be accessed from and understood in an
art context. The terminology for computer
science (logical reasoning) and for visual
arts (experiences of otherness) traditionally
represent two divergent practices. Digital lit-
eracy in the visual arts can establish a ‘com-
mon third’ that is developed in the encounter
between computer science and modern art
practice (Andersen et al., 2022; Buhl 2019).

In sum, the study revealed that an en-
counter between art-making and coding
raises issues of a paradigm clash between
art-making practice and coding practice.
We suggest that the clash may be overcome
by engaging with a social material compre-
hension of the practice as an assemblage
of meaning-making (the operational lev-
el) and engage in unfolding a conceptual
art-making approach that is characterised
by focusing on the ideation as the art-mak-
ing act (coding) and the execution as the
realisation of the concept (human- and/or
computer-generated work).

New ways of judging aesthetic qualities
emerge from programmed artistic
practices

The study showed a re-organisation of artis-
tic practices and provided new perspectives
on the development of the aesthetic quali-
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ties of 3D models, as elaborated below.
Recurring experiments without exhausting
amaterial’s quality

Transforming an on-site bodily experience
into a virtual format allows for recurrent
experimentation with design elements. This
can be done in interaction with a computer,
e.g., by developing principles for editing, for
exploiting the infinite possibilities for modi-
fying a design, setting criteria for knowing
when to stop experimenting, and transform-
ing analogous aesthetic qualities connected
with the 3D print (surface, texture, scale,
volume). These are all actions performed
in the ‘digital interface construction phase’
of a 3D artefact. Editing and principles for
exploiting the infinite possibilities for ideas
and changes to a design, as well as establish-
ing criteria for when to stop experimenting,
is an important art-making skill.

Multiperspective as an enbancement of spa-
tial perception

The possibilities are endless to extend the
experiments with virtual locations and ex-
plore multiperspectives and spatial issues
without the costs associated with making a
physical site-specific manipulation.

The gaze derived from the bodily expe-
rience of being and moving in a particular
space such as CBS-KILEN is nuanced by the
multiple perspectives offered by the virtual
shift between the bird’s and frog’s eye view,
providing an overview of the contextual in-
terplay of existing components that togeth-
er form an overall picture of a given space.
Managing the many variations of compo-
nents is an important artistic skill.

Scaling as a mode of spatial comprehension
Odd-scaling encounters can create new
experiences and meaning-making. Scaling
in site-specific contexts requires students’
judgement about aesthetics, function,
meaning and sustainability. The down-scal-
ing of an existing environment and phys-
ical design such as CBS-KILEN enables
a new intangible art-making practice on
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the screen. Understanding and judging the
span of scaling possibilities is an important
art-making skill.

Postponement of a physical materialisation
as a stimulator of ideation

The bike storage group’s design for CBS-
KILEN was ambitious in terms of both con-
struction (spiral shape) and surfaces (glass).
The possibilities are endless as the limit to
what can be constructed lies in the software
application. However, the possibility to cre-
ate and experiment digitally with a 3D arte-
fact invites thinking that is bigger, more ex-
perimental, and playful because the ideation
process is not limited to physical modelling,
which is time-consuming and calls for man-
ual skills and knowledge of materials. Yet,
the quick option can prevent the designer
from undertaking timely consideration and
reflection. Material decisions based on a se-
ries of virtual samples and knowledge of the
consequences of digital and analogue mate-
rial differences is an important artistic skill.

From toolmanagement to material-
entangled collaboration

Despite the fruitful analogy between the
pencil and the computer as tools, the tool
metaphor has its limitations. The rapid
digital acceleration of artificial intelli-
gence still offers new modes for genera-
tive art-making (e.g., Manovich & Arielli,
2023). The present distribution of the Gen-
erative Pre-trained Transformer (GPT) to a
larger audience is the result of a technologi-
cal development starting in the 1950s. Cur-
rently, it is the uncontrollable use of GPT
that must be tackled given that this deve-
lopment is far-reaching. In artistic contexts,
a theoretical transition away from the tool
metaphor towards a deeper understanding
of art-making as a collaboration between
man and machine is proposed. Our pro-
posed “meaning-making assemblage” of
human and non-human agency (Fenwick et
al., 2011) is revealed in a practice where,
for example, sketching on paper serves as a
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side-coach for TinkerCad’s digital director,
which Knochel argued to be the digital di-
rector (2016b). The concept of assemblage
dissolves the idea of the intentional singular
artist in favour of collective collaboration
and transcends the boundaries between
materialities. Moreover, the entangled
practices reinforce group work —sometimes
cooperatively by distributing roles between
students and students and students and
non-human actors — sometimes collabora-
tively by entangling the ideation and design
processes, as observed in the study of 3D
digital modelling.

Collaborative skills in meaning-making
assemblages of non-human and human
agency are an important art-making skill.

CONCLUSION

Unfamiliar concepts such as coding, pro-
gramming and computational thinking on
one hand point to current societal challen-
ges that the teaching subject of visual arts
education cannot ignore as they form part
of the contemporary art scene to which edu-
cation relates. Contemporary art’s concep-
tual approach to visual projects invites a
new view on art-making. The socio-materi-
al perspective can help to shed new light on
the interaction between human and non-hu-
man actors in the art-making process.
Art-making practice understood as ‘using a
tool on a material towards an object’ is re-
placed by art-making as a system of activity
that initiates a process. The socio-material
perspective (Fenwick et al., 20115 Fenwick
& Landri, 2012) can counteract the devel-
opment of dichotomies with, for example,
classical sculpting as one pole and the digi-
tal concept as the other. The study should be
seen as a first step in rethinking the didactics
and pedagogical framing of art teacher edu-
cation. The study’s theoretical perspective
offered a focus where subject paradigms,
bodies, computers, pens, cardboard, pa-
per and so on were all included as actors in
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the assemblage for meaning-making. This
generated a subject-renewing theoretical
perspective on art-making practices and in-
dicated new ways of thinking about visual
arts education that can expand or perhaps
even innovate the theoretical and practical

forms; it exposes the traditional means of
thinking about art-making processes. The
perspective suggests a conceptualisation of
art-making processes as an entangled col-
laboration and thereby an opportunity for
integration with computational activities

framework for visual arts education.
From this perspective, digital techno-
logy not only offers new digital activity

such as coding as the becoming of mean-
ing-making.
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3D digital modelling in action, Kongegarden 2021, Photo: Mie Buhl

‘Wrestling’ with 3D printers,
searching for materiality — Morten Modin

Mie Bubl & Kirsten Skov

INTRODUCTION

3D printing might be considered boring
for artists engaging with exploring con-
temporary conditions for life, society, and
existence. Do digital technologies offer any
possibility to go beyond the accurate, the
predicted and the calculated? How is it pos-
sible to produce a 3D printed artefact of any
consequence to a contemporary discourse
dealing with the big questions?

Of course, this rather polemic entrance
disregards recent Artificial Intelligence (AI)

‘WRESTLING’ WITH 3D PRINTERS

development where deep learning processes
offers one visual piece after another inviting
everybody to prompt their text-based re-
quest for a visual product. What is nagging
is the smoothness of the solutions the latest
apps for generating images via text prompts
such as Midjourney and Dall-E can provide
that adds to the boring connectedness de-
rived from algorithms. However, recent Al
based on neural networks of deep learning
is still considered in its prime and the inter-
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esting work will emerge eventually in the
hands of artists (e.g., Manovich 2023).

Al taken into consideration makes the
question mark even bigger in an education-
al context: What are art educators supposed
to teach future teachers if technology per-
forms all the actions that displaces model-
ling material, experiencing the qualities of
the hand? How can they learn from contem-
porary professionals in the field?

The scepticism about 3D digital model-
ling and print questioned in the hands of the
Danish artist Morten Modin when he tests
its limitations and expands possibilities and
not least inquires the becoming of living a
contemporary life entangled with digital
technology.

This article is based on conversations
with Modin during the Nordic project on
3D digital modelling in visual art teacher
education, where a group of art educa-
tional researchers gathered to explore 3D
digital modelling and was inspired by him.
Furthermore, it is based on Modin’s written
material that he generously has shared with
the authors. The following provides an in-
sight into his exploring of aesthetic qualities
as well as digital and analogue materialities
in 3D digital modelling and print where he
pursues ‘the imperfect’ in various settings.

MORTEN MODIN EXPLORING
DIGITALITY, SPACE AND BEING

Modin is fascinated and concerned with
how digital data affects our lives. The fact
that we sometimes meet more in digital
spaces than physical ones, how does this
affect our understanding of materiality and
volume? And how does it affect our bodi-
ly experiences when the physical aspect is
not present in large parts of our social en-
counters? Using the 3D printer as his main
tool, as well as several digital tricks such as
manipulation of big data and 3D scans, he
works to materialise the alienating impact
he believes technology has on our lives. Mo-
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din works at the intersection between peo-
ple, materials and data merge. He explores
and exposes the transformations that take
place between the analogue and the digital,
and his 3D printed works (often) bear clear
digital, processual traces. This can be in the
form of something interrupted, something
disturbed, something imperfect, missing or
deprived of information, and therefore ap-
pearing in a hybrid or transcendent form
between material, data, and human. It can
be with clear traces of piecing and material
composition. The site-specific location and
context also always play a central role in his
artistic production.

Example I: Redrawing our world as a
digital shadow of what was
An example of a site-specific investigation of
a historical phenomenon through 3D digital
modelling was his exhibition De uonskede
(The Unwanted) from 2022, Kongegdrden,
Korser Denmark. At this exhibition he in-
corporated site-specificity from a dramatic
historic legacy about the love story between
the Danish Queen Caroline Mathilde and
King Christian VII’s German personal physi-
cian Johan Friedrich Struensee. The love sto-
ry had a tragic outcome involving exile and
decapitation of the two lovers respectively,
but an exert from their lives were trans-
formed into works created from digital files.
According to historical records, the two
stayed at the Kongegdrden for a year be-
fore their final fate of exclusion and death
in 1772 (Broch-Lips, 2021). This inn was a
natural stop for wealthy travellers waiting
to cross the Danish waters between Zealand
and Funen named the Great Belt. There are
not many visual representations of the two
people from the period probably due to
public perception of their disgraceful ac-
tions. Modin changed that by creating The
Unwanted. Based on paintings and sketches,
he made 12 3D printed, colourful busts of
Caroline Mathilde (1751-75) (fig 1a + 1b)
and a large 3D printed bust of Friedrich
Struensee (1737-72) (fig. 2a + 2b) in 2021
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: Examples from site-specific clusters of items. Kongegéarden 2021, Photo: Mie Buhl




Fig. 5a + 5b: Installation. Baerum 2021, Photo: Ulstei

as a testimony of their stay in the royal suite
at Kongegérden.

Modin explored transformations that
occur between analogue and digital modes
and how these change our experience of an
object. He describes his fascination with
projecting 3-dimensional objects into an
image (2-dimensional) and then projecting
it ‘out’ again. These leaps in space can ques-
tion and challenge our perception of what
and where reality is. He constantly marvels
at what happens when he 3D scans an ob-
ject, digitally processes it on the computer
and 3D prints or CNC mills it ‘out’ into
reality again.

It is like an outline of something that
was, a perfection stripped of information,
an indication of an object, place or event
frozen in time. His process of working with
works that go from being in a physical
universe to existing in a digital space and
then reappearing from a physical material,
gives the experience of the finished work as
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a collapse in our perception of space and
existence. When he 3D prints J. Friedrich
Struensee in 2 m x 2.5 mx 2.5 mand Queen
Caroline Mathilde in a 1:1 bust format, it
is to emphasise how the digital world can
accurately ‘redraw’ our world, but at the
same time is only a digital shadow of what
was, a processed snapshot.

Modin connects the human body and
digital processes into new physical works.
He sees the transformations that happen
between analogue and digital states as a
change in our experience and concept of
objects and the reality it belongs to. Modin
refers to his works as 3-dimensional shad-
ows as they are not something complete in
themselves. By placing his work in specific
physical contexts, the foundation of digital
identity changes from being ubiquitous to
become unique and relevant for the present
surroundings. His workflow is process-ori-
entated, but the 3D printer’s automation
challenges the sculptures’ process-oriented
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constructability. An example of that was
the work ‘Struensee’ where the 3D print-
ed parts were assembled in the exhibition
space itself. A physical limit was then placed
on the “unfolding” of the digital files.

Example Il: site-specific unorganized
network of accumulations of 3D prints,
everyday artefacts and busts
Other ’inhabitants’ in Kongegérden is the
collection of works performed by the art-
ist Harald Isenstein (1900s), who had a
local affiliation with Kongegérden. Today,
Kongegarden serves as the local exhibition
hall in Korser. While the works of Caroline
Mathilde and Struensee were placed on lev-
els 1 and 2 of the building, level o was used
by Modin to create an artistic installation
of objects that included Modin’s selected
busts of Isenstein, found everyday objects
of aesthetic value and his own 3D printed
objects (fig 3).

All the objects were placed in organic
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collections that utilised the rustic space
for a site-specific installation that created
remarkable clusters and surprising juxtapo-
sitions (fig.3). He described it as accumula-
tions that

consist of found materials, sketches,
discarded and finished works all in
an unorganised network. It’s like
stepping into a primordial soup
where you become an object like
any other material. The eye and
mind’s focus on the overall work
disappears in favour of the indi-
vidual objects and their uniqueness.
(Broch-Lips, 2021).

Example Ill The process of 3D as a
transcendence from a physical universe,
to exist in digital space and re-emerge
from a physical material.

For the exhibition Superpositions, Berum
Art Hall in Norway (2021), Modin wanted
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to create an intimate and personal exhibi-
tion. He aimed to explore the borderland
between man and machine, by making a
critical posthumous portrait merger identi-
ty, data, and material in new and previous
works.

The actuality of the exhibition was ev-
ident as it scrutinised our perception of
identity and reality in a digital age where
algorithms, ‘big data’ and artificial intelli-
gence are incorporated and control more
and more levels of our lives. Modin aimed
at challenging our concept of — or sense of —
what is true and false drawing on the classic
Cartesian question of how we actually exist
and in what physical/material form suggest-
ing that perhaps we can only know that we
are thinking subjects?

The exhibition comprised physical
3D printed sculptures that Modin based on
3D scans of his own body in different com-
positions and contexts (fig 5a + 5b). The
expression of the sculptures was at once re-
alistic and at the same time sensed the digi-
tal errors and manipulations that occur and
are created in the digital state (processing).
A state that can be described as a three-di-
mensional shadow work, an imperfection,
an indication of an object or event frozen
in time and place. Furthermore, the works
represented a sculptural practice where
the sculptor’s craftsmanship is more about
understanding digital 3D work, including
processing the materiality of the work in a
digital format, rather than the classic phys-
ical material properties. However, the 3D
printed works were 95% plaster, following
the tradition of the sculptor working with
plaster, but in a mechanical and conceptual
way. Modin explained how the title ‘Super-
position’ refers to the quantum mechanical
phenomenon where a physical system can
theoretically exist in multiple possible states
simultaneously but can only be observed in
one of the states at a time. It refers to his
reflections on a possible future where the
difference between the digital world and
analogue physical world has dissolved into
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one and the same world. This aspect is also
present in the working processes of the
3D printed works, as they go from being
in a physical universe to existing in digital
space and then re-emerging from a physical
material. The finished work then becomes
a kind of collapse in our perception of
space and existence. Thus, the exhibition
‘Superposition’ became a critical look at
our contemporary world where body and
mind merged with polygons and data. Here,
Modin touched upon a questioning of the
anthropocentric worldview confronting us
with human and non-human agency entan-
gling and thereby provides a de-centering of
human intentionality as driver of changes.

RESETTING OF ARTMAKING
PRACTICES AND LEARN FROMITIN
VISUAL ARTS EDUCATION

With his critical and curious approach to
digital tools, Modin discovers new possi-
bilities for exploring digital and analogue
materials by transcending traditional ideas
of materiality. His purpose is to re-evaluate
our understanding and view of how digital
image spaces are viewed and represented.
He wants to strip the 3D printer of its attri-
butes as a mass-producing and autonomous
machine but retaining the digital space of
possibility. Contemporary discussions of
digital technologies centre on Al and ro-
botics. As Al is increasingly utilised and
used to solve societal problems, it is also in-
creasingly becoming a controlling factor in
our lives. Modin believes that even though
the development is still in its infancy and
could, in principle, take all sorts of twists
and turns, the visual arts also have a re-
sponsibility to contribute to the discussion
of how Al is used and can influence artistic
expression. In the sculptural field, Modin
sees a huge potential to get help from ro-
bots and machines. He asks the pertinent
question that if Al is increasingly playing
a role in processes that were previously
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driven by craftsmanship, how do contem-
porary artists, for example, still manage to
be artistic directors and manage this tangle
of digital helpers?

From an educational perspective we
must ask, how visual arts education be-
come an active partner in the new digital
landscape where art making also concerns
the skills of managing all the digital helpers
provided by AI?

First and foremost, we can learn
from Modin’s fearless approach to dig-
ital technologies. Using the 3D printer as
his “collaborator”, he inspires a didactic
transformation in education. He feeds
the image-making practice with data and
various inputs. He transforms digital bits
into atoms, and the final expression is a
physical three-dimensional object with
digital traces in the form of errors, flaws,
and failures. The imperfection that may be
perceived as errors for the engineer, and be
the reason for waste and destruction, is for

REFERENCES:

Modin the key to making 3D printed ob-
jects appear human and unique:

When the 3D printer gets stressed
and the software is exceeded, it fails
as an autonomous machine and
suddenly becomes a manageable
artistic tool that I have control over
(Modin, 2021)

So, the key to learning from Modin’s
3D modelling may be his approach as a col-
laborator with digital technologies rather
than a tool manager. A collaborator who
makes conceptual choices in the processing
of different digital and analogue materi-
alities and challenges AI’s suggestions to
produce perfection. Furthermore, it can in-
spire teaching to delve into the question of
living in an Al-entangled age and use art’s
ability to question the obvious, self-evident,
and smooth. A ‘wrestling’ with modelling,
printers, materialities — and life.

Broch-Lips, H. (2021). Morten Modin. De uonskede. Kongegarden

Manovich, L. (2023). Artificial Aesthetics: A Critical Guide to Al in Art, Media and Design, http://manovich.

net/index.php/projects/artificial-aesthetics-book

Source:

Modin, M. (2019-2022). Selected text material belonging to the author
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Digital 3D modelling as an expansion
of the aesthetic repertoire for
image-making practices.
Concluding discussion

Mie Bubl & Tarja Karlsson Hiikio

The Digital 3D Modelling in Visual Arts Ed-
ucation project was initiated to investigate
how the use of digital technology can con-
tribute to creating new perspectives on the
classical sculpture techniques that are char-
acterised by ‘adding’, ‘carving’ or ‘model-
ling” analogue materials. Furthermore, the
project aimed to explore the image-making
practices that exist in the interlocutory
space between analogue and digital mate-
rialities. By identifying new image-making
processes in one of the most important ar-
eas of visual production: sculpture, the proj-
ect wanted to contribute to the development
of new image-making practices as well as
to a framework for discussing visual arts
education considering recent developments
in artificial intelligence (AI).

The theoretical framework of the proj-
ect drew on insights from studies in com-
putational thinking in visual arts education
(e.g., Knochel & Pattern, 2015) and visual
culture studies (e.g. Knochel, 2016) and the
research was inspired by design-based re-
search (DBR) (Amiel & Reeves, 2008). As
a part of exploring and understanding dig-
ital 3D modelling, the project participants
engaged in practicing sculpting in analogue
materials and digital 3D modelling by us-
ing TinkerCad and photogrammetry. The
digital applications were used as drivers
for the hand-on activities and reflections in
the explorative phase of the project. This
process, followed by a process of designing
for student art teachers learning, facilitat-
ed a transformation of own image-mak-
ing experience into didactic consideration

CONCLUDING DISCUSSION

and generating new theoretical insights
(Buhl, 2016). Thus, the group’s hands-on
experiences and mutual reflective insights
fed into their image-making competence
within sculpting as well as their subject
didactic planning and teaching at their
home institutions. The learning design and
teaching practise served as empirical data
for the subprojects presented in this special
issue (chapter 1, 2, 3) and the findings were
further elaborated on in a discussion with
artist Morten Modin (chapter 4). Based on
the overall research questions (see the intro-
ductory chapter), perspectives on the three
sub-projects’ contributions are presented in
the following.

THE SUBJECT MATTER VISUAL
ARTS BALANCING BETWEEN
THE EXPRESSIVE AIMS IN ART
MAKING PRACTICES AND THE
SKILLS REQUIRED FOR USING
PROGRAMMING

The three projects explored the balance be-
tween expressive aims in art practices and
programming by taking different starting
points. Hildén and Karlsson Haikio’s (chap-
ter 2) learning design started with manu-
al modelling of a material followed by a
digital process with photogrammetry and
TinkerCad ending with a digital 3D print,
while Heinonen and Marklund’s (chapter
1) learning design made the manual model-
ling a continuous process after starting with
the digital 3D modelling in TinkerCad and
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3D printing. As for Buhl and Skov (chap-
ter 3), the starting point in their learning
design was the physical encounter and
sketching activities of a site-specific urban
place, followed by digital 3D modelling of
an artefact for a digital intervention of this
place, which was done in TinkerCad and
virtually installed using an image processing
program (GIMP). The processing of digital
material in the three projects did not dictate
a certain linearity or order of production;
rather, it showed flexibility not only within
the digital modelling process, but also in
regards of how it could take a meaning-
ful place in the interaction with analogue
materials throughout the image-making
process. The linear process of creation gov-
erned by material qualities — digital as well
as analogue — thus took new directions in
terms of when and how the actual creation
of the sculptural form took place. It took
new directions in terms of what materiality
was at play in the aesthetic design process,
as one of the projects worked with a trans-
formation of analogue material for digital
processing and later a printed materialisa-
tion of the digital form (chapter 2), while
the digital aesthetic design process was
prior to physical manifestation in another
(chapter 1), and the physical manifestation
of the sculptural artefact was absent in the
third (chapter 3). The question is, of course,
to what extent the sequence of processing
and realisation of a physical manifestation
affects the aesthetic learning process, and
this cannot be concluded from the present
findings. On the one hand, the actual execu-
tion of programming activities took up a lot
of time because it was an unfamiliar prac-
tice for the students, and on the other hand,
other aspects played a role, such as the fact
that the subprojects were not designed as
comparative studies beforehand. It was not
the goal of the project to identify learning
outcomes, but rather to examine how the
repertoire of aesthetic expression expands
and/or changes using programming for 3D
modelling. Here, the sub-projects showed
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the temporal flexibility of working with dig-
ital material for sculpting, along with the
exploitation of aesthetic qualities by testing
scaling and contextualising an artefact in
changing location.

ENGAGING WITH THE PROGRAMMING
AND 3D PRINT “TO BREAK NEW
GROUNDS”

From this perspective of programming for
image-making, the process of sculpting can
be seen as a transformation of subject-re-
lated competences, since manual aesthetic
modelling skills are not only replaced with
aesthetic coding skills, and thereby a lack
of bodily contact with material as suggest-
ed by Sack (2019). Rather the subprojects
revealed expanded possibilities for new
combinations of analogue and digital 3D
modelling. The sculptures produced by
digital interventions is not a replacement of
a known sculptural process, but a new im-
age-making process where the entanglement
of digital, analogue material, physical sur-
roundings constitute the image. Building on
Morten Modin’s work and insights (chapter
4), this ongoing ‘wrestling’ with materiality
became a collaboration between man and
machine, which have different qualities to
offer the image-making process. As Hildén
and Karlsson Hiikio (chapter 2) discuss in
their article, the transition from analogue
image-making to digital image-making
increased a focus on haptic experience — a
bodily knowledge of tactility — became a
co-actor in understanding the volume, sur-
face, and substance of the digital 3D object.
This haptic experience directed the choices
made in the process of transforming the
analogue object in the 3D modelling in Tin-
kerCad. Heinonen and Marklund’s (chap-
ter 1) study of how students approached
the digital 3D modelling primarily revealed
an intellectual problem-solving approach
to translate an analogue artefact to a dig-
ital object. Drawing on Schon (2003), they
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interpreted the image-making process as a
reflection-on-action rather than a process
of tacit driven experiments which aligns
the principles of concept art (e.g., Buhl,
2019). Their findings indicated that the
programming process inclined an analyti-
cal processing at the expense of a more open
experimental process among the participat-
ing student teachers. This may be because
programming practices favour analytical
actions, or because the student teachers’
limited skills in programming for imaging
put the focus on coding. Buhl and Skov’s
(chapter 3) study of 3D modelling practices
showed that different parallel actions were
enacted during their image-making process
and performed as an entanglement of digital
and analogue materials. This suggests that
the interaction between ideation and visual
drafts on both screen and paper can have a
supportive effect in experimental process-
es and concept development in art making
practices.

Nevertheless, for all three sub-projects,
much of the attention in the aesthetic de-
sign process was spent on mastering pro-
gramming and understanding the logic be-
hind it. Practical image-making involving
digital programming requires skills and
knowledge of the principles behind. In re-
cent years, schools and Teacher Education
programmes in Sweden and Denmark have
been working to develop digital literacy as
a sole subject and discipline in existing sub-
jects. The rationale behind the revitalising
of elements from computer science such
as computational thinking and program-
ming and apply them to general education
in schools, is the need for the future popu-
lation to navigate in a society increasingly
digitalising still more aspects of everyday
life. The educational efforts are driven by
the aim of students to be able to understand
the logic behind computer-generated con-
tent, how it works for solving problems.
The educational efforts are further to illumi-
nate how digitalisation affects us as citizens
and this challenge is not met by just being
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consumers. The obvious disciplines for
dealing with the digital challenges are the
disciplines from which the science emerge
and develops namely data/computer science
and math.

However, based on the digital entangle-
ment in every aspect of civil life, the perspec-
tive must be broadened. Visual arts have a
history of being first mover when engaging
with new technology including digital tech-
nology (e.g., Manovich, 2023). Further-
more, the very ‘DNA’ of artistic work is to
provide curious and critical questions to
societal developments including the impact
of digitalisation. In an educational context,
visual arts hold the potential for provid-
ing approaches to acquire computational
skills because of similarities between the
logics of conceptual arts (visual production
‘by rules’) and logics of programming (da-
ta-production ‘by rules’). Digital-based art
production offers a new repertoire for con-
temporary meaning-making in visual arts
education. To realise that new repertoire,
we suggest that data is approached as a new
material and are aligned with other mate-
rials such as clay and plaster. Furthermore,
the practice of using computer science
principles to produce visual expressions,
actions and narratives must be accessed on
the terms of aesthetic processes: explorative
and experimental.

EDUCATIONAL IMPLICATIONS

FROM USING PROGRAMMING

IN MATTERS OF AESTHETIC
QUALITIES, DIDACTICS, TEACHING
COMPETENCES AND CHALLENGES OF
‘SUBJECT MATTER-DNA’

The use of programming for 3D modelling
practices in visual arts education raises
some concerns regarding learning and new
thinking patterns. The role of digital 3D
modelling in the school subject is double:
it is the tool for artistic expression when
students experiment with devices and ap-
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plications, and it is the topic for artistic ex-
pression when students inquire and explore
the societal implications of man-machine
in a world of social media, algorithms, and
mobile technology. Technology educa-
tors Mayes and De Freitas (2013) discuss
three interconnected learning paradigms
that sum up how technological education
is approached: 1) the associative learning
paradigm referring to programmatic learn-
ing and training programs, 2) the cognitive
learning paradigm referring to individual
and constructive learning activities and 3)
the situated learning paradigm referring
to social and practice activities. The para-
digms are recognisable in a visual arts ed-
ucational discourse of a skill training-ori-
ented focus (cf. 1), a personal development
focus (cf. 2) or a social practice focus (cf. 3).
The authors emphasise the interconnected-
ness between the paradigms and regarding
digital 3D modelling the challenge is to
balance the three paradigms rather than be
overwhelmed by the skill-training focus.
The process of digital 3D modelling can
be seen as a transformation of subject-re-
lated competences, since manual aesthetic
modelling skills are replaced with aesthetic
coding skills, and there is no bodily contact
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