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In the last two decades, the use of technology in Finnish basic education has developed rapidly. The
combination of digital and analogue resources is emphasized especially in the maker movement to
reduce abstraction in digital equipment. Craft as a learning subject has substantive conditions for
offering pupils instruction in both traditional analogue and current digital working methods within the
subject area. The purpose of this study was to examine what kind of knowledge and skill development
are expressed when three types of maker-inspired technologies consisting of 3D modelling, 3D printing
and e-textiles, are integrated into a lesson sequence in craft in Grade 7 in a Finnish basic education
school. The study was conducted as an action research cycle consisting of seven lessons within a craft
sequence. The data collection method was a questionnaire. The study shows the development of pupils'
self-reported knowledge and skills as well as their attitudes towards the technological contents of the
lesson sequence.
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Introduction and background

Finland’s over 150-year tradition of the craft school subject has similarities to contemporary maker
education. Since the 1970s, research has developed so that, today, there are craft-related science
disciplines at four universities in Finland. These disciplines form the basis for relating to and being
influenced by, for example, the form of activity and content of technology and maker education. The
school subject has developed over time both in terms of content and pedagogical ideals. (Porko-Hudd,
Péllanen & Lindfors, 2018). The current research focuses on the pupil perspective at a school that
introduces more maker-inspired content in the craft subject. In this way, a nuanced picture is obtained
of how this can develop the traditional content of the craft subject. The purpose of this study, thus, was
to examine what kind of knowledge and skill development are expressed when three types of maker-
inspired technologies consisting of 3D modelling, 3D printing and e-textiles, are integrated into a lesson
sequence in craft in Grade 7 in a Finnish basic education school. The following two research questions
were formulated for the study: What are the similarities and differences in the infrastructure between
the Finnish craft school subject and contemporary maker education? What can be seen in pupils' self-
reported technology-related knowledge development, and how do pupils relate to this new content in
craft?

The curriculum for basic education in Finland (National Board of Education, 2014) highlights the need
for digital competence. This has led to discussions about the benefit of pupils learning the basics of
programming (Godhe, Lilja & Selwyn, 2019; Réisanen, 2017). There is a common belief that gaining
early insight into the possibilities of, for example, 3D modelling and programming could inspire pupils
to make future technology-related career choices. The use of digital aids in contemporary school
contexts is needed to gain knowledge of good practices and outcomes. According to Dufva (2017, p.
135) when something is being crafted by hand by utilizing digital tools, there is an opportunity to reduce
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the abstraction of the digital and thereby increase the understanding and ability to interact with digital
technology. Instead of only acting as a consumer of digital products, one can apply digital technology
in crafting and, thus, incorporate previous knowledge with new opportunities.

Rosenfeld, Halverson and Sheridan (2014, pp. 499-500) and Hsu, Baldwin and Ching (2017) describe
the increasingly common practice in the United States of reshaping schools' learning environments in
accordance with spaces within the maker movement. In Finland, however, there already exists a rich
tradition of making things within the educational craft subject. Since the 1970s, there has been an
expectation and opportunity to include electronics and other technology-related content in addition to
wood, metal and textile work. Despite this, the maker workshop concept can bring ideas and procedures
from which the subject could benefit. In the Swedish context, it is deemed necessary to establish creative
environments where pupils can combine digital technology with traditional and manual skills (Heath,
2017, pp. 171-172). According to Heath (2017), the schools' craft spaces need to be adapted to
incorporate new equipment and materials. However, the ways in which stakeholders and teachers
interpret this possibility vary greatly.

In Finland, there are already good structural opportunities to include new content areas in the current
craft subject. The objectives for learning environments and working methods in craft in Grades 1-9
emphasize appropriate and safe premises. Tools, machines, devices and materials constitute elements
that support and enable learning. Further, wide usage of information and communication technology
supports pupils’ work and planning during different phases of the craft process (National Board of
Education, 2014). Uljas and Wendelius (2018) align their interest to factors that should be considered
when developing learning environments in craft. Their study shows that craft teachers demand spaces
for the rich and wide range of craft techniques and a common planning space. In addition, the need for
new technological equipment in the form of, for example, laser cutters and 3D printers is also highlighted
(Jaatinen, 2017). Teachers are central actors when the development of a subject is sought. Sundqvist's
(2006) case study follows how two teachers planned and implemented teaching in a project focused on
how 3D printing, programming and textile techniques can be implemented in a craft sequence for pupils
aged 9-12 years. The results show that challenges with the technical equipment, application of the
program, design of the area of interest and concrete 3D printing were among the conditions most often
mentioned when the teachers reflected on the completed teaching.

Long before the establishment of the maker movement and without influences of the maker culture,
schools in Finland had their own exemplary maker workshop. Although there already exist a strong
tradition and a wide range of equipment in the craft school subject, it is necessary to relate to maker
education when evaluating and developing the contemporary craft subject. For example, Kafai et al.
(2014, p. 547) state that e-textiles have a positive impact on inclusion and gender equality, which raises
the question of whether this content could be made more widely available in the craft subject. In a
manifesto, Hatch (2014, pp. 24-25) presents an inventory of equipment that he believes should be in a
maker workshop to meet the contemporary demands of manufacturing. Hatch points out that the tools
needed for making have never been as cheap or as easy to use and powerful as they are today. Tapaninen
(2002) presents a similar list of equipment recommendations for the teaching of craft in basic education
in Finland with an emphasis on technical craft, excluding textile craft. To identify similarities and
differences between the craft subject and maker education, the two lists have been processed and
compiled in Table 1.
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Table 1: Comparison between Hatch's (2014, pp. 24-26) list of what a well-equipped maker's
workshop should contain and Tapaninen's (2002, pp. 40—44) planning guide for primary
school craft spaces (technical craft).

Maker workshop equipment Grades | Grades Maker equipment missing from Tapaninen's (2002)
recommendation (Hatch, 2014, pp. 1-6 7-9 guide compared to Hatch's list
24-26)
Plastic processing machinery 10of3 2 of 3 | Plastic moulding equipment
(3 types of equipment mentioned) Vacuum press in Grades 1-6
Textile craft machines Oof3 0of 3 | The guide only describes equipment related to
(3 types of equipment mentioned) technical craft. Sewing machines and overlock

machines are found in textile craft studios.

Machines for wood working 8 of 9 90f9 | The only thing the guide does not list for Grades 1—
(9 types of equipment mentioned) 6 is a CNC cultter.

Sheet metal working 1of6 30of 6 | Hole punch and corner punch for sheet metal,
machines "English wheel" and pneumatic air hammer

(6 types of equipment mentioned)

Metal processing machinery 10f5 40of 5 | Vertical metal band saw

(5 types of equipment mentioned) Metal grinding machine in Grades 7—9

Mitre and band saw for metal and sandblasting
cabinet in Grades 1-6

Welding and cutting equipment Oof4 2 of 4 | Plasma cutters and TIG welders are missing,

(4 types of equipment mentioned) although gas cutters are usually used and TIG
welders are found in some schools.

Tapaninen's guide includes point and MIG welding.

Metal lathes and cutters 0of3 30of 3 | According to Tapaninen, various metal lathes and
(3 types of equipment mentioned) cutters belong to Grades 7-9.
Computer-controlled machines 10f11 | 1of11 | Tapaninen's guide is deficient ininformation

and associated equipment technology and associated equipment as well as
(11 types of equipment computer-controlled tools. Computers are listed in
mentioned) the form of "IT equipment". These include laser

cutters, 3D printers, 3D scanners, computer-
controlled vinyl cutters, water cutters, Wi-Fi,
computers for design purposes and various
software licences.

Other equipment 40f12 | 40f12 | Muchin this category is not appropriate in craft
(12 types of equipment teaching. The equipment that Tapaninen lists
mentioned) includes compressed air systems and tools,

electronic testing and soldering equipment, and
storage areas. In contrast, for example, a granite
slab with digital scales, rental studios, meeting
rooms, retail and free coffee and popcorn do not
add value in craft teaching.

When comparing the two lists to find similarities and differences in the infrastructure between the
Finnish craft school subject and contemporary maker education, it becomes obvious that Hatch's list
contains some equipment not mentioned by Tapaninen. It also becomes clear that several of the
equipment categories correspond well. The differences can also be partly explained by the fact that when
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Tapaninen (2002) compiled this guide, for example, programmable electronics and equipment for 3D
printing were not available to the extent that they now exist. The comparison numbers in the table show
how much of the crafting equipment in the planning guide is highlighted in the maker workshop
recommendations. Especially for Grades 7-9, the equipment recommendations are very well matched,
except for areas connected to computer-controlled equipment. It is worth pointing out that the target
group for Hatch's maker workshops is adults who use maker workshops for the automation that the
equipment provides. Such equipment, however, may be less suitable for pupils in Grades 1-6 (aged 7—
12 years).

Method

This study is part of the project "3D writes the future" funded by the National Board of Education. The
overall aim of the project is to integrate augmented reality, programming, 3D modelling and 3D printing
in the craft subject. The current study was inspired by action research. Rénnerman (2012, p. 26)
describes action research as a spiral comprising four different steps: plan — act — observe — reflect.
Development and change are the most important purposes of action research. Although action research
usually relies on experiences and leads to new reflected cycles of action, the circumstances did not allow
for more than one cycle in this project.

A craft group of 13 pupils in Grade 7 was established. The period for the learning sequence consisted
of seven 90-minute lessons. A newly inaugurated maker workshop served as the teaching space. The
workshop was interpreted as a neutral place where pupils' prejudices and experiences of previous craft
spaces would not affect their attitudes to the craft project at hand. E-textiles, 3D modelling and 3D
printing were chosen as the technological areas of the project "See me!" The learning task was to create
a product for better visibility. The learning aims were dare to test new things, be creative, have your
own ideas, take responsibility for your own work, apply previous skills and knowledge, use the
instructions on your own, get a wider understanding of 3D creation and arouse interest in programming
and provide new opportunities.

Surveys are effective when one wants to be able to generalize results or see trends (Stukat, 2011, pp.
47-49). The survey was made as an informed controlled survey that was personal and distributed by the
researcher on site (Hirsjarvi, Remes & Sajavaara, 2001, pp. 183-184). The survey was intended to reveal
the pupils' self-reported learning within the subject areas in the learning sequence. The teaching content
during the lessons corresponded with statements of technological aspects that the pupils were asked to
report in the survey. The surveys were summarized in Google Spreadsheets based on the automatic
compilation downloaded from Google Forms. The results consisted of pupils' responses to the various
statements. In the analysis phase, each answer was given a number: 1 = not at all, 2 = to some extent, 3
= quite good and 4 = yes, meaning that one can fully complete the actual task. The numbers were used
to calculate an average of the pupils' answers per statement for each lesson. With the help of means, it
was possible to illustrate the pupils' self-reported knowledge development in different subject areas. For
answers to the open questions in the last section of the survey, each pupil was given a number (P1, P2,
etc.), which allowed a follow-up of the answers.

The pupils were informed about the purpose of the research and their guardians approved their
participation in the study. The pupils were also guaranteed anonymity and informed of the opportunity
to withdraw their participation in the study at any time. All survey responses have been managed in a
password-protected database to ensure that only the researcher has access to them.

316
Techne Series A: 28(2), 2021 313-321



PATT38 Rauma, Finland 2021 — Section VII
Spaces and Making

Results

Perceived knowledge development in the technology areas is illustrated in Figures 1-4, and the pupils'
interest in, and reflections on, future benefits of the areas are illustrated in Figures 5-6. Each aspect of
the pupils' knowledge in Figures 1-4 is represented by a curve of a specific colour. The curve illustrates
how high the class mean was for each lesson within the sequence. If the mean value of a statement
(between 1 and 4) at the end of the sequence is higher than at the beginning, it indicates that the pupils
progressed in terms of self-reported knowledge.

Figures 1 and 2 illustrate 12 aspects of knowledge development within the use of the Tinkercad 3D
modelling program. For most of the six aspects in Figure 1, no remarkable development took place,
except that the pupils reported that they had become better at using different camera angles and the hole
function in the program. At the same time, one can see that the pupils' reported knowledge remained at
a relatively high level throughout the sequence. The six aspects focus on basic skills in Tinkercad.

== | can use different camera angles in the software == | can add objects to the workplane
| can move objects around on the workplane == | can rotate objects in different directions

== | can edit the shape of an object | can use the hole function in order to erase material from objects
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Figure 1: Knowledge development within the use of basic Tinkercad functions.

The pupils' knowledge development regarding the six other aspects of Tinkercad, illustrated in Figure
2, shows remarkable development from lesson 1 to lesson 3 and a stagnation and slight decline in some
areas towards the end of the lesson sequence. These aspects of Tinkercad are more advanced, which can
explain the increasing knowledge development during lessons 1 to 3.

== | can group objects == | can use measurement tools in Tinkercad | can create a new workplane on an object
== | use shortcut keys == | know how to independently draw 3d-models in Tinkercad
| can export a file from Tinkercad using the right file format
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Figure 2: Knowledge development within the use of more advanced Tinkercad functions.

Figures 3 and 4 illustrate 10 distinct aspects of the pupils' development in e-textiles, which was
introduced during the second lesson. Despite this early introduction, few pupils started working with e-
textiles during the first three lessons. Figure 3 shows five aspects where the pupils' skills developed,
especially regarding to how to physically connect LED lamps and other components to the LilyTiny
circuit. It is noteworthy that the values of all aspects decline towards the end of the sequence. This may
be due to the feeling of lack of time; however, this was not studied in depth.

== | know how to connect the LED to the circuit == | can connect multiple LED lights in a parallel circuit
| can connect a switch to a circuit == | can connect a battery to the microcontroller LilyTiny
== | can connect a LED to LilyTiny
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Figure 3: Knowledge development regarding connecting components in LilyTiny.

Figure 4 visualizes statements related to five aspects of programming and troubleshooting LilyTiny. The
two aspects regarding programming (red and blue curves) stand out with lower averages. As few pupils
had time to test programming, the group's reported knowledge within the area remained at a low level.

== | can program the LilyTiny to blink in a certain way == With LilyTiny, | can get LED lights to blink in various patterns
By sewing, | can integrate the different components in a product == | know what can cause a short circuit
== | know what to analyse if the circuit doesn't work
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Figure 4: Knowledge development regarding programming, troubleshooting, and sewing LilyTiny.

Several pupils reported gaining a greater understanding of troubleshooting and how to avoid short
circuits. They also became better at sewing components into their craft products. However, the lack of
time may have contributed to the fact that some pupils reported negative experiences of working with
e-textiles. The components are small and there is an imminent risk of short-circuiting if you choose to
sew several LEDs to your project. The pupils' opinions were also divided as to whether e-textiles should
be included in craft teaching. Yet the majority considered e-textiles a positive addition to the subject.
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The pupils were also given the opportunity to describe their levels of interest in the various subject
technology areas (Figure 5).

8

Il Nointerest [l Somewhat interested Interested [l Very interested
6
4
2
0
3D modeling 3D printing LilyTiny Textile work

Figure 5: Pupils' interest in different technology areas.

As can be seen in Figure 5, most pupils found the different areas reasonably interesting. There were also
pupils who were very interested in 3D modelling and 3D printing. However, there were no such positive
statements regarding e-textiles.

The pupils also reflected on potential future benefits of the various subject areas (Figure 6).

8
Il No benefit [l A little benefit Some benefit [l Much benefit
6
4
| J_I_ll_l
0
3D modeling 3D printing LilyTiny Textile work

Figure 6: Pupils' reflections on future benefits of different technology areas.

The results show that pupils thought the benefits would be the greatest regarding knowledge in 3D
modelling, 3D printing and textile work. When looking at no benefit and a little benefit, one can see that
LilyTiny seems to be the area that the pupils saw as the least beneficial. Overall, Figure 6 shows that
the same content can be perceived very differently by pupils that have taken part in the same teaching.

Discussion

As we initially stated, the Finnish education system has good opportunities to benefit students' learning
through school subjects based on the production of artefacts. There is an established tradition and an
infrastructure that provides good opportunities for further development (Jaatinen, 2017; Uljas &
Wendelius, 2018). The fact that new forms of activity, such as maker education, are emerging provides
a good basis for reflection, as the familiar must be preserved and further developed. Regarding the
study's first research question — What are the similarities and differences in the infrastructure between
the Finnish craft school subject and contemporary maker education — we can state that the craft
equipment available in compulsory school and the equipment described in maker education are largely
similar (see Hatch, 2014; Tapaninen, 2002). At the same time, the maker movement provides inspiration
for further development of the craft subject's content and working methods. In a situation where new
content is considered or included in the subject, there must also be a discussion focused on what of the
existing content can be omitted. Teachers need arenas where this can be discussed and implemented in
order for it to be consolidated at the local level.
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When considering the second research question — What can be seen in pupils' self-reported technology-
related knowledge development, and how do pupils relate to this new content in craft — 3D modelling is
a feature that the pupils appreciated. The fact that many pupils were previously familiar with the program
fostered the conditions for their enthusiasm in the beginning. Although the pupils' average development
in 3D modelling was most exponential from lessons 1 to 2, they made great progress also in some of the
sub-areas studied. With a few exceptions, pupils' response in connection to 3D modelling was positive.
Several of them felt that they would benefit from 3D modelling in the future. 3D printing was more
challenging for both pupils and teachers. A contributing cause could be the various elements that the
technology comprises in combination with the time it took to print the articles. Few pupils had previous
experience in 3D printing and the study's results show that pupils advanced in the use of both slicing
programs and 3D printing. Unlike familiar craft processes, 3D printing is time-consuming during the
printing process and the risk of failure is high. These factors demand the pupil's attention in other ways
than traditional craft processes, in turn, presupposing a different approach to work in and out of class
time for both teachers and pupils. Figures 1-4 show a certain stress effect caused by lack of time in
lesson 7. The time-consuming processes in connection to, for example, 3D printing do not fully fit into
the limited time and structured lesson plan that the school has.

Many of the pupils did not get started with the work in e-textiles during the sequence. Even though some
pupils were negatively attuned to the area, others saw the benefit of, among other things, developing
knowledge of electronics via e-textiles. E-textiles work well but, like 3D printing, are time-consuming.
To fully make use of the iterative process of testing and developing the programming features, it is
important to critically reflect on the amount of content and available time in a learning sequence. In the
current study, it can be seen that "less is more™ in terms of the amount of content.

Although it is still relevant to learn how to make things from wood, metal, yarn and fabric, the maker
movement has broadened the area. It is now possible to have computers and machines do part of the
work. Although computers do part of the work in 3D printing, 3D modelling and e-textiles, it is still
individuals who create the design and build everything together into a functioning whole. In other words,
the use of computer-controlled equipment does not exclude manual work. Just as in crafting, it is about
the interaction between thought and hand; only the tools are different.
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