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Abstract

In recent years, advanced technologies have increasingly entered the educational field

1o enhance student engagement and learning opportunities. Among these, 3D printing
stands out as a particularly transformative tool, reshaping how objects are conceptualized
and produced.

In education, it offers a practical medium for introducing fundamental design principles,
integrating technical constraints with creative problem-solving. This hands-on approach
fosters key skills such as critical thinking, creativity, design thinking, and practical abilities,
with applications across disciplines.

To explore its pedagogical potential, an intensive three-day orientation course titled
Basics and Principles of Rapid Prototyping in 3D Printing was delivered to 192 Italian high
school students with no prior experience in design or 3D printing. The course employed a
learning-by-doing methodology, combining interactive lectures with hands-on activities.
Students redesigned everyday objects based on 3D printing constraints while acquiring
skills in sketching, object dimensioning, 3D modelling, and post-production.

Learning outcomes were assessed using a Retrospective Pre-test, which indicated signif-
icant progress. By the end of the course, students demonstrated the ability to conceptu-
alize, model, and print functional objects, highlighting 3D printing’s value as an accessible
entry point to design education for beginners.
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1. Introduction

In recent decades, digital technologies have been integrated
into product making and its educational contexts, reshaping
how learning is approached and experienced.

Digital creativity support tools are widely recognized for
their potential to enhance newcomers’ learning opportu-
nities, fostering engagement and stimulating creativity
(Garcia-Martinez et al., 2020; Hagen et al., 2023).

Among these, 3D printing has emerged as a particularly trans-
formative medium for product creation, linking conceptual
understanding with rapid, tangible production.

As a technology positioned at the intersection of craft and
digital fabrication, 3D printing allows learners to navigate
the continuum between ideation and materialization (Ford &
Minshall, 2016).

It supports an experiential form of learning where abstract
ideas can be rapidly iterated, tested, and physically realized,
as in a real product design production process.

Educationally, 3D printing provides an exemplary means to
introduce design principles, combining technical constraints
with problem-solving and creative exploration.

Through the manipulation of digital models and the subse-
quent iterative production of real objects, design newcomers
engage in a process that reflects the logic of both making and
learning by doing (Anzai & Simon, 1979; Papert, 1980).
Accordingly, this study investigates how 3D printing may
serve as a medium to introduce creative newcomers to the
realm of making and crafting, with a design approach.



Two research questions guided the study:

1. How can 3D printing be employed as an educational tech-
nology to introduce design thinking and making skills to
design newcomers?

2. What learning benefits emerge from hands-on engagement
with such a crafting process?

To explore such potential, the study proposes a universi-

ty orientation course titled “Basics and Principles of Rapid
Prototyping in 3D Printing”, offered by Politecnico di Milano
University within the Italian school system, as a methodologi-
cal experiment.

The three-day course involved 192 high school students with
no prior experience in design, modeling, or 3D printing.

High schools’ programmes in the Italian school system do
not include such practical educational activities as the one
proposed by the authors, with some exceptions in artistic and
design fields. The course adopted a learning-by-doing meth-
odology integrating short lectures on 3D printing technology,
guided tutorials on the use of machines and software, and
hands-on exercises: not structured as a theoretical introducto-
ry course, the process involves students in practically apply-
ing the theoretical and methodological skills explained (Ford
& Minshall, 2016).

Self-assessed learning gains through a retrospective

pre-test survey (Levinson et al., 1990) are presented to evalu-
ate students’ learning outcomes and general engagement with
the educational activity.



2. “Making” in Product Design

In the design discipline, “making” has long been a defining
feature of creative and technical practice.

The ability to craft and modify existing matter, even in this
digital era, can be associated with the figure of the design-
er, especially when referring to those working with tangible
product items.

Designers have historically relied on manual craft to proto-
type, test, and refine their ideas through tangible experimen-
tation: product design, in particular, combines material sen-
sibility with iterative processes of evaluation, improvement,
and adaptation (Nimkulrat & Groth, 2024).

As a shaper, the designer’s role implies a strict connection
with the ability to craft the matter and materiality, as design-
ers “think through making” (Granjeiro, 2019).

Today, within design education, crafting a product implies
not only shaping a functional and aesthetic item but also
understanding how its form, dimensions, and materiality
respond to system and human needs as well as production
constraints.

The crafting process thus entails a dialogue between thought
and material, idea and execution.

With the integration of digital technologies, this dialogue has
expanded beyond traditional craft, giving rise to digital mak-
ing: a form of creative engagement where software and hard-
ware mediate the act of creation (Resnick & Rosenbaum, 2013).
Digital fabrication tools such as 3D printers, laser cutters, and
CNC machines have reshaped the notion of craft from a pure-
ly manual to a hybrid practice.



Making could be now embedded in cycles of rapid prototyp-
ing, testing, and refinement, processes that allow learners to
experience design as an evolving system of exploration, all
within very efficient timing and effort.

These forms of “digital craft” connect directly to educational par-
adigms valuing creativity, problem-solving, and reflective prac-
tice (Guerra, 2025): many characteristics of these technologies
lead the making approach to be more accessible to creatives, even
if newcomers or just beginners (Steele et al., 2018).

The next paragraphs explore the effects given by the intro-
duction of 3D printing technology when approaching making
and crafting.

3. Rapid Crafting: The 3D Printing Design Approach

3.1. 3D Printing for Product Making

3D printing, or additive manufacturing, can be understood
as an extension of craft in the digital age (Bernabei & Power,
2020; van der Veen et al., 2019).

Its capacity to produce objects layer by layer invites creatives
to reflect, in between the design project considerations, also
on technical limitations and material characteristics.

The craft of 3D printing lies not only in producing a physical
artefact but in understanding the constraints that govern its
feasibility: geometry, support structures, slicing parameters,
and tolerances. When relying on this technology, creatives
can deal directly with these technical understandings, playing
a frontline role in making and crafting aspects of their pro-
jects, as exemplified by the “what-you-see-is-what-you-get”
principle (Mueller, 2017).



As a form of rapid crafting, 3D printing offers several ad-
vantages to creatives, even beginners, as follows (Attaran,
2017; Tan & Li, 2017). First, it allows quick iteration between
idea and prototype, enabling visualization of how conceptual
changes influence material results. Second, its immediacy
supports experimentation and fosters a mindset of trial, er-
ror, and improvement.

Lastly, 3D printing offers high accessibility, both economi-
cally and logistically, concerning the printer and its related
materials, as well as digital tools, guidelines, and support to
help users learn and manage the technology.

This accessibility enhances the distribution and use of 3D
printing among experts and beginners in the creative sector.

An entire community of enthusiasts had risen around this
approach to creation, in the last decades, working on pro-
jects from scratch or on the redesign and hacking of several
already existing items according to emerging needs: 3D print-
ing technology also here plays a central role in terms of rapid-
ity, accessibility, replicability: beginners can access produc-
tion and prototyping of their projects with a high degree of
freedom. (Hudson et al., 2016; Taylor et al., 2016)

3.2. Learning from 3D Printing

Educationally, 3D printing embodies constructivist and con-
structionist approaches that value learning through making
(Papert, 1980; Trust et al., 2018). It situates learners within
processes of discovery, promoting creativity, agency, and
reflection.



The act of designing for 3D printing encourages people to
engage with design thinking, spatial reasoning, and prob-
lem-solving in a practical context. As already reported, from
a didactic perspective, one of the most significant advantages
of 3D printing is its accessibility.

Simple, web-based modelling tools such as Tinkercad, enable
beginners with no prior experience in creating functional 3D
models within hours; alternatively, numerous open-access
libraries are available online. Importing, scaling, and pre-
paring files for printing allows newcomers to understand the
translation between digital representation and physical pro-
duction, a key moment of learning in which theoretical ab-
straction becomes embodied knowledge.

By engaging with this technology, learners experience a
microcosm of the product design process: from ideation and
prototyping to testing and refinement.

The rapid prototyping cycle mirrors professional design
practices, providing newcomers with early exposure to the
dynamics of creative production (Schelly et al., 2015).

4. In between Making and Education

3D printing resides at the intersection between technical and
educational domains. As a technology that merges product
engineering with craft and creativity, it establishes a unique
space for learning by making. This convergence supports the
development of both cognitive and practical competences,
fostering what might be described as craft literacy in digital
contexts.



From an educational standpoint, 3D printing enhances en-
gagement by transforming learners from passive recipients
into active producers of practical knowledge.

It naturally gives rise to communities of makers, where col-
laboration, curiosity-driven tinkering, and iterative learning
by doing become central modes of participation (Buehler et
al., 2015).

Creatives experimenting with 3D making are encouraged to
think critically about everyday objects, reimagining them ac-
cording to personal or collective needs while navigating tech-
nological constraints and opportunities. This mindset aligns
closely with the idea of “design after design” (Fry, 2017), a
process in which designers - and non - continue to develop
creativity beyond an object’s original context, refining and
improving existing archetypes through experimentation and
reflection.

By bridging making and learning, 3D printing enables design
newcomers to grasp the connection between ideation, crafting,
and execution, as well as between theory and practice. More-
over, it provides opportunities for inclusive and accessible
learning experiences, enabling individuals from diverse back-
grounds to engage with design thinking through hands-on
activities and experiential exploration (Pearson & Dubé, 2022).

4.1. Could 3D Printing Benefit Design Newcomers?

Our hypothesis: considering previous reflections on 3D print-
ing as a rapid making technology, introducing such approach-
able technology into first-time making and design learning
activities could significantly enhance newcomers’ under-



standing of the design process logic and their engagement
with practical learning.

For people approaching design for the first time, such ac-
tivities represent an accessible entry point to the discipline,
combining cognitive challenge with immediate satisfaction.
By allowing them to manipulate materials, iterate designs,
and witness the translation of digital models into real arti-
facts, beginners experience a tangible sense of achievement
and creative control.

The context of the research is perfectly aligned with the au-
thors’ intent since usually there is no introduction and use

of this technology inside Italian high-schools’ system: many
institutions own 3D printing machines but still lack of inter-
esting practical courses to enhance students’ knowledge in the
field, limiting a greater selection bias of offering the course
to students already enrolled in 3D printing or design-related
studies.

5. Methodology: Implementing a Design Sprint Course

To investigate the pedagogical potential of 3D printing as

a learning technology for design newcomers, an intensive
course, “Basics and Principles of Rapid Prototyping in 3D
Printing”, was developed and implemented at the Politecnico
di Milano University.

The initiative was carried out as part of the Italian National
Recovery and Resilience Plan (PNRR) orientation and tutoring
activities, which were targeted at high-school students pre-
paring for university studies. In this context, they would have
had no prior knowledge of design.



5.1. Course Context and Participants

The course was designed as a three-day design sprint, to-
taling 15 hours of activity divided into three sessions of five
hours each. Over the course of two academic years, a total of
192 students, aged 15 to 19, participated. They came from gen-
eral secondary schools, without any prior training in 3D mod-
elling or 3D printing. The gender distribution was balanced,
and groups showed no significant differences in background
or familiarity with digital fabrication.

Before the first session, students completed an initial explor-
atory survey using the Wooclap interactive platform to assess
prior knowledge and expectations. Responses revealed that
almost all students, 100 out of 109 respondents, had “zero” or
“very little” knowledge of design and 3D printing concepts.
Only a few had seen online videos on related topics, and this
confirmed the course’s suitability as an introductory experi-
ence for design newcomers.

To promote participation and peer learning, students were or-
ganized into small groups of three or four, depending on class
size. Within each group, each participant developed their own
project - measuring and 3D modelling a provided tangible
object (comb, key ring, etc.) - and actively collaborated and
exchanged feedback during the exercises. The groups then
collectively converged on a single object to refine, optimize,
and prepare for the final 3D printing, following the guidelines
theoretically provided by tutors.

5.2. Course Structure and Pedagogical Approach
The course followed a learning-through-making methodol-
ogy (Anzai & Simon, 1979; Papert, 1980), combining short



theoretical inputs with extended practical activities. Table 1
presents the schematic structure of the session (later further
explained), alternating between lectures, guided tutorials, and
project development phases, divided into learning and doing.

The program aimed to introduce students to design princi-
ples through a concrete and creative engagement with 3D
printing technology. The course curriculum covered, as far
as possible within limited timeframes: (I) Introduction to
design process and 3D printing principles; (II) Object dimen-
sioning and measurement techniques; (I1I) Sketching and
redesign of everyday objects -all of this included in “Session
01”; (IV) 3D modelling using the open-access platform Tink-
ercad; (V) File preparation and slicing using open-access
software Ultimaker Cura - included in “Session 02”; and (VI)
Post-processing, surface finishing, and reflection on out-
comes, in “Session 03”.

Tutors acted as facilitators and mediators rather than tradi-
tional “knowledge instructors”, guiding students individually
or in groups through their projects (Granjeiro, 2019).

SESSION 01 SESSION 02 SESSION 03
LEARNING | 1. Basics of 3D printing 6. Basics of 3D Modelling 11. Final product reviews
2. Design &its process 7. Tinkercad: a live tutorial step- 12. Detecting 3D printing &
3. Making in product design by-step production defects

DOING / 4. Project brief: redesign of 8. 3D modelling of the project 13. 3D printing finishing &

MAKING an existing object redesigned object post-production
5. quoting & sketching 9. Object fixing & exporting 14. 3D printed product
10. 3D model slicing showcase

Table 1. Schematic representation of the main course topics.



5.3. Sessions Overview

Each session was structured to follow a progressive learning
curve, from observation and design ideation to modeling and
fabrication.

The first session introduced students to the fundamentals

of 3D printing and design thinking, with a particular focus
on product making and crafting. Using Wooclap’s live polls
and quizzes, tutors engaged participants through interactive
presentations. The visual slides, enriched with QR codes and
meme-like content, made theoretical input lively and relata-
ble, increasing attention and participation (Marin et al., 2021;
Moreno-Medina et al., 2023).

Tutors brought a box with small everyday objects - such as a
key, comb, clothes peg, etc. - and students were asked to se-
lect one of them and to analyze its form and function.

They learned to measure dimensions using calipers and to
sketch their ideas on paper, modifying or improving the ob-
ject’s functionality or aesthetic features according to personal
or perceived needs (e.g., “redefine the shape of a traditional
comb so that it could be aesthetically more fun and hung up in
the bathroom”).

This initial “redesign” exercise marked students’ first contact
with design decision-making and material and technological
constraints, allowing them to observe a 3D printer firsthand
and being able to constantly ask tutors for clarification on 3D
printing limitations.

The second session transitioned from 2D sketching to 3D
digital space. Students worked on their redesigns using Tink-



ercad, guided step by step through live tutorials projected in
the classroom. In just a few hours, participants learned how
to construct geometries, apply Boolean operations, and adapt
shapes to printing feasibility.

The modelling activity was both challenging and engaging,
visualizing their projects in 3D deepened students’ understand-
ing of design as an iterative and spatially aware process. Tutors
supported students one-to-one, ensuring each model was print-
able and met the constraints of additive manufacturing.

Before the final class, tutors prepared the 3D models for
production (“Slicing” operation), and 3D printed the students’
redesigned objects. In the last session, participants received
their printed artifacts, analyzed the results, and discussed
design errors or technical issues.

A final tutorial introduced post-production techniques, such
as sanding and finishing.

Tutors also presented case studies from university-level de-
sign courses, including examples from product, fashion, and
other domains, to help students situate their learning within
broader design contexts.

Figure 1. Examples of outputs from different phases: sketching and measuring an object, 3D modelling,
slicing the model, and post-production after 3D printing.



Through these phases, the course combined conceptual un-
derstanding, technical learning, and creative exploration,
helping students experience the complete cycle of design -
from ideation to materialization -with some exciting results
coming from design newcomers who had no experience in
crafting an object.

6. Course Development and Results

6.1. Students’ Project Outcomes

As anticipated, during the project development, each group
selected and redesigned one or more simple household items.
Students were encouraged to tinker, “hack” or reinterpret
these artifacts, introducing functional or decorative varia-
tions based on their redesign ideas.

Introductory sketching activities trained observation skills
and taught the importance of accurate dimensioning and
scaling. As they transitioned into 3D modelling, students
learned to balance creativity with the technical feasibility of
printing, grasping the significance of geometry, tolerance,
and material limits to move from ideation to technological
fabrication. By the end of the course, all participants success-
fully produced printable digital models, most with minimal
errors.

Before printing, tutors reviewed files using Ultimaker Cura
and shared slides highlighting common modelling mistakes.
These visual examples became peer-learning resources, help-
ing students connect theory with design challenges.



Figure 2. Overview of some students’ final 3D printed projects.

The final printed artifacts, shown in Fig. 2, represented a
diverse range of redesigns. Some students added practical
features, such as hooks on pegs and caps with a better grip,
while others created more playful or personalized versions,
incorporating initials or animal shapes. A hands-on post-pro-
duction session followed.

6.2. Student Engagement and Learning Assessment

The course’s structure proved highly effective in maintaining
engagement. Many students continued to refine their objects
at home, repainting or improving them, demonstrating genu-
ine curiosity and ownership of their learning process.
Learning outcomes, in the form of self-assessed learning
gains, were collected and processed using a Retrospective



Pre-test questionnaire (Levinson et al., 1990), after the stu-
dents had signed the informed consent form for the anony-
mous use of data. To optimize the time spent by students in
class, this test was chosen among several scientifically vali-
dated surveys assessing the effect of teaching activities.

The form was shared only after the last lesson, as the last ac-
tivity to be performed by students.

Out of 192 participants, 109 students completed the voluntary
full post-course survey. Results revealed a consistent increase
in self-assessed understanding across all dimensions of
learning related to both the design discipline and 3D printing
technology. Mean values rose from 1.6 (poor-fair) before the
course to 3.7 - 3.9 (good - very good) afterward.

The survey also collected students’ ratings of the quality of
instruction and engagement very positively, with average
scores above 4.5 out of 5 for comprehensiveness, clarity,
relevance, and responsiveness. Most participants reported
feeling encouraged to ask questions and actively participate,
indicating the success of the interactive participatory teaching
model.

Tutors observed a noticeable improvement in students’ con-
fidence and creative independence. Even without prior ex-
posure to design or product fabrication, all participants were
able to successfully: (I) Redesign an existing object concep-
tually and functionally; (II) Model it in 3D with adequate
geometric precision; (III) Prepare and interpret sliced files
for printing; and (IV) Reflect critically on their outcomes and
eITors.



These achievements confirm the course’s dual role as both

an introductory design experience and an educational pilot
demonstrating how 3D printing can facilitate design learning
through making.

The data collected and the qualitative observations converge on
a clear outcome: 3D printing can act as a catalyst for engage-
ment and cognitive development among design newcomers.

The sprint course enabled participants to connect ideation
with material production, bridging reasoning, and practical
understanding in a design process simulation.

Students are finally asked to leave general comments on the
course; answers qualitatively show the engagement given by
the lessons:

“At first, I wasn’t very prepared and had never been interested in
the subject, but thanks to the teacher, I feel more prepared and
more interested.”

“It was a really interesting course, different from the usual rigid
school lessons.”

A progressive evolution of students’ skills can be observed by
their own perception. The results suggest that 3D printing can
be regarded not only as a prototyping technology, but also as
a strategic tool for structuring an initial design learning expe-
rience grounded in exploration, iteration, and digital crafts-
manship.



Section: 1/ Presenters (Ps) 1 2 3 4 5 Avg.
The Ps covered the important topics of the content area. 0 0 3 39 67 4.59
The Ps covered the topic in sufficient detail. 0 0 2 36 4l 4.63
The Ps kept the discussion focused on the topic. 0 1 6 38 64 4.51
The Ps refocused the discussion when it began to wander. 0 3 17 44 45 4.20
The .P.S created an atmosphere in which most learners 0 1 20 47 41 417
participated.

The Ps cr(_eated an atmosphere in which learners felt free to 0 2 2 30 75 4.63
ask questions.

The Ps responded to questions with appropriate 0 0 2 23 84 475
/relevant answers.

The Ps a_]sked questions which led to lively and relevant 0 1 24 40 44 417
discussion.

Thg Ps_ asked questions which were relevant to the topic 0 2 7 46 49 430
objectives.

Item 1 2 3 4 5 Avg.
PRIOR: My understanding of the subject 48 49 8 3 1 1.7
AFTER: My understanding of the subject 0 1 25 70 13 3.87
PRIOR: My ability to

demonstrate comprehension of this subject 64 31 10 2 2 160
AFTER: My ability to demonstrate comprehension of this 0 2 38 57 12 372
subject

PRIOR: My ability to apply concepts to an actual situation in 65 97 13 3 1 1.60
this subject

AETER: IMy ability to apply concepts to an actual situation in 0 4 35 57 13 372
this subject

Table 2. Retrospective Pre-test answers’ distribution.

7. Conclusions

This study showed that 3D printing, when framed through mak-
ing and craft-oriented pedagogy, can act as an effective entry
point to design education for newcomers. Its process merges
ideation, technical constraints, and tangible production, giving
beginners a concise yet holistic first experience of design.



The active role of students situates the course within a con-
structivist learning framework: prior knowledge shaped the
personalization of the printed artefacts, allowing each student
to develop an individual interpretation and use of the tech-
nology (Narayan et al., 2013). Regarding technological knowl-
edge, the course aligns with the Experiential Learning frame-
work, characterized by strong learning-by-doing dynamics
(Kolb, Boyatzis, & Mainemelis, 2001; McCarthy, 2010).

The course results highlight the capacity of 3D printing to
support practical projects led by beginners, fostering cog-
nitive and methodological skills - such as critical thinking,
creativity, problem-solving, and collaboration - while main-
taining engagement and motivation.

By linking design ideation with physical making, the technol-
ogy situates learning in a meaningful hands-on context that
bridges abstract understanding and material practice.

As advanced technologies increasingly enter educational
curricula and design-making courses expand beyond discipli-
nary boundaries, the craft-oriented approach exemplified by
3D printing offers a transferable model for learning through
making. It promotes active participation, self-reflection, and
sustained curiosity, essential elements in the educational
realm (Resnick & Rosenbaum, 2013).

This study presents several limitations: the short duration of
the course constrained design exploration and prevented a
longitudinal assessment of learning retention. Participants
were self-selected as already interested in 3D printing and de-



sign-oriented activities, introducing potential selection bias.
Finally, the evaluation relied on validated self-reported meas-
ures, which may not fully reflect actual skill acquisition or
knowledge transfer; more in-depth qualitative analysis would
be required, but was not feasible in this context.

Future research could investigate how 3D-printing-based
courses might be scaled, embedded across subjects, or used to
support interdisciplinary competencies. Nevertheless, even at
an introductory level, evidence suggests that 3D printing of-
fers students a powerful first encounter with design thinking
and creative craftsmanship, serving as an effective gateway
between technology and creative making.
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