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Abstract: 3D printing transforms abstract contexts into more concrete ones
and effectively enhances creativity. The purpose of this study is to explore
the benefits and challenges teachers face in using 3D printing. The research
method used in this study involved a narrative review of various literatures
related to the use of 3D printing by science teachers. The results of this study
show that there are benefits in using 3D printing as well as barriers
experienced by science teachers. The benefits obtained by teachers are not
only limited to themselves but also colleagues due to collaboration and of
course for students. Teachers' pedagogical skills in designing lessons and
using technology also experienced positive changes. Meanwhile, the
obstacles in using 3D printing are also felt by teachers such as limited teacher
skills, availability of tools and the use of tools that are relatively time-
consuming.
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Introduction

Technology laboratories have employed digital
fabrication in recent years to emphasize hands-on
learning processes in technology and engineering
education (Lin et al., 2023). Fabrication laboratory is a
design process that involves the use of computers and
all digital machines connected to computers as a whole,
from the data management stage to the production stage
(Indrawan & Purwanto, 2021). One of the increasingly
affordable and popular digital fabrication technologies
today is 3D printing, where digital technology
transitions from a fully online environment to the
'physical' world. Maker spaces in digital fabrication
allow people to share access to technology, learn to use
it, and build social capital (Rayna & Striukova, 2021; Kit
Ng et al,, 2022). 3D printing is a rapid prototyping
technology based on digital models. It utilizes adhesive
materials such as metal powder or plastic and creates
objects through layer-by-layer printing, which is a form
of additive manufacturing (Chen & Cheng, 2021).

How to Cite:

3D printing technology has gained significant
attention in education as part of the maker movement
and is gradually being widely adopted in education;
(Chen et al., 2023; Novak, 2022). 3D modeling is a core
technique fundamental to 3D printing that became
popular in the 2010 (Huang et al., 2019). Various areas in
the field of education utilize 3D printing, including
pharmacy, mathematics, biology, chemistry, sports,
fashion, engineering, and even early childhood and
special education (Ucgul & Altiok, 2023). One 3D
printing tool, the 3D printer, is advantageous as it is
affordable, compact, and easy to deploy, making it
increasingly popular in educational environments.

3D printing technology has played an important
role in the development of maker spaces, which also has
the potential to enable the integration of art (A) with
science, technology, engineering and math (STEM)
fields. This opens up new opportunities for
implementing STEAM (Buruiana et al., 2019). There are
many examples of 3D printed replicas used by scientists
to visualize their research. 3D printed organisms, organs

Khefrianti, S., Kadarohman, A., Wiji, & Praginda, W. (2024). Advantages and Disadvantages of Using 3D Printing by Science Teachers. Jurnal
Penelitian Pendidikan IPA, 10(8), 559-565. https:/ / doi.org/10.29303/jppipa.v10i8.6518


https://doi.org/10.29303/jppipa.v10i8.6518
https://doi.org/10.29303/jppipa.v10i8.6518

Jurnal Penelitian Pendidikan IPA (JPPIPA)

and chemical structures (both large and small) can be
used to educate and engage non-specialists and facilitate
deeper understanding and insight from the scientists
studying them (Hartings & Ahmed, 2019).

When it comes to the use of 3D printing in
education, it is not only the tools that must be prepared
but also the teacher as the learning designer.
Unfortunately, digital technologies that are very close to
the learning activities carried out by teachers related to
3D printing are less used than digital presentations
(Thyssen et al., 2023). Yet, in recent years, digital
fabrication, and especially design and 3D printing
related activities, have taken root in school education as
curriculum-based and  maker-oriented learning
activities (Leinonen & Virnes, 2020). This article aims to
explore the benefits and challenges teachers face in using
3D printing in learning.

Method

In this narrative review, more fit-for-purpose
criteria were developed to track the benefits and
challenges of teachers' use of 3D printing. To conduct
this narrative review, a literature search was conducted
using DOA]J, ERIC, Google Scholar, Science Direct and
Scopus databases. The search used the terms fablab, 3D
printing, 3D printer and science teacher with publication
years ranging from 2019-2023. The list of retrieved titles
was further screened for the following criteria: article
type (research only), subject (teachers only as
participants in the research), and discipline (education
only). After searching and exploring, 45 articles were
reviewed that met the objectives of this study for review.
The authors read abstracts and full papers and
recommended criteria to develop a narrative review.
The main category discussed was 3D printing and its use
in education, especially by teachers. With this category,
a narrative review was then conducted by establishing
the scope of the topic through definitions and theories
used in relation to 3D printing. Next, it presents
literature on 3D printing and its use by science teachers.
This article ends with a training model for science
teachers in using 3D printing for learning activities.

Result and Discussion

Human needs also change as the world changes.
Therefore, creating new designs in products has become
mandatory to meet the ever-changing human needs.
Visuality, functionality, and practicality of products
have become prominent in choosing products. From this
perspective, the design of existing products is becoming
increasingly important. To add new functional features
in the product, it aims to visualize and transfer the
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product into images and turn these images into a real
and reasonable product (Akyol et al., 2022). Nowadays,
this is very easy and at a low cost, namely with the
existence of 3D printing. In recent years, education has
experienced a major step forward when technologies
such as 3D printing are incorporated into the classroom
and into every learning process (Cruz-campos et al.,
2022). 3D printing technology refers to the process of
creating three-dimensional physical models that are
used as learning aids to support educational content in
science, technology, engineering and math (STEM)
(Smith et al., 2020). The use of 3D printed models also
supports visual learning and visual literacy (Howell et
al., 2020).

Digital fabrication or fabrication laboratory has
become more popular, especially for educational
purposes, indicating the emergence of a new type of
"learning by doing" (Tore et al., 2021). Studies show that
professional ~development programs in digital
fabrication assist educators in working in small groups
and learning collaboratively (Voldborg & Pitkanen,
2019). One technological tool in digital fabrication is 3D
printing (Mahendarto, 2020). A new educational tool
called 3D printing is supposed to get students ready for
a world that is increasingly technologically advanced
(Pearson & Dubé, 2021). There are professional
development opportunities that enable teachers to
integrate "making" using 3D printing into their
classrooms (Heredia et al., 2021). Applying 3D printing
technology in practical curriculum offers many benefits,
such as smoother and more accessible progress, as well
as a shortened product development cycle and reduced
development costs (Hsiao et al., 2018; Levin & Verner,
2021).

There are at least three main reasons to use 3D
printing technology in learning. First, teachers should
teach students to do things, not to learn. Second,
learning means learning by doing, and third, learning is
a process of creating and constructing knowledge, not
just receiving information. Third, constructivism, active
learning and environments designed to encourage
students to design, create and experiment (Wibawa et
al., 2021). Combination of teaching strategies and
designs to help learners understand 3D-printing
technologies when integrating them into curricula must
be explored in practical studies (Huang & Chun, 2022).

Resources used in 3D printing can be integrated
across different fields of science as part of a teaching
approach based on interdisciplinarity and the
application of scientific and mathematical knowledge
(Cruz-campos et al, 2022). The implementation of
digital tools in education is a primary demand from
various stakeholders, such as teachers, schools, and
education ministries (Bonorden & Papenbrock, 2022).

Providing training to both teachers and school principals
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significantly impacts their teaching practices, leading
many teachers to plan the integration of digital
fabrication into their classrooms (Sanchez et al., 2020).
Teachers serve not only as facilitators but also as active
practitioners, designing learning activities involving 3D
printing technology (Leinonen & Virnes, 2020).
Therefore, empowering educators to implement digital
fabrication (DF) activities and design thinking (DT) in
the curriculum and schools is crucial to enhancing
student participation in learning through 3D printing
(Song, 2018; Voldborg & Pitkanen, 2019).

Design-Based Learning allows teachers to design,
test, and improve innovative, structured, and engaging
educational methods, such as the use of software and 3D
printing in STEAM education (Hsu & Ou, 2022; Lavicza
et al, 2022). With the adoption of design-based
pedagogy, teachers have the opportunity to visualize
relevant instructional processes, such as creating
integrated STEM design projects and developing
methods for implementing design projects, prototypes,
and testing with 3D printing (Cheng et al., 2021; Zhou et
al., 2020). Teachers can also apply the 5E model of
learning to engage students in the process of discovering
conceptual material through 3D printing, supporting
their understanding (Pizzolato et al., 2018). The
advantages of 3D printing technology in the practice of
design teaching make models more tangible (Wang,
2022). Differentiated metacognitive behaviors result
from using various educational strategies and resources.
Furthermore, employing 3D tangible objects in
cognitive-apprenticeship education promotes more
meta-cognition activities than standard instruction
strategies do, which further contributes to successful
problem-solving (Huang et al., 2019).

Teachers with expertise in 3D printing tend to have
different perceptions of the methodological and didactic
potential of this technology compared to those with less
experience. Teachers consider 3D printing beneficial in
developing students' technical skills and competencies,
especially in creativity, modeling, and technology
(Thyssen et al., 2023). The need for cross-disciplinary
integration of technology in teaching and learning, as
well as instructional design by teachers in using 3D
printing (Forbes et al, 2020; Khurma et al., 2023).
Additionally, teachers show a high interest in learning
about technologies like modeling and 3D printing, even
though they generally may not be very familiar with or
have a limited understanding of working with such
technology (Trust & Woodruff, 2021).

Teachers participating in professional development
programs demonstrate changes in their teaching
practices. They tend to adopt more flexible, inquiry-
oriented, and student-centered pedagogies,
empowering learners, which are crucial characteristics
of learning using a 3D approach (Stevenson et al., 2019;
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Chytas et al., 2019). Supporting factors for the use of 3D
printing include pedagogical approaches, task design,
student knowledge and activities, technology, and the
school environment (Bower et al., 2020). Teachers report
that 3D printing can enrich the learning experience by
providing a more concrete context for abstract concepts
(Andic et al., 2023). Technology has become more
prevalent in developing physical versions of these
computer representations through the art of 3D printing
in plastic (Dickenson et al., 2020).

From teacher development activities, it is evident
that they adopt various methods to incorporate 3D
models or modeling into classroom teaching (Y. Chen et
al., 2023). Furthermore, teachers' perceptions of the
usefulness and importance of integrating 3D printing
affect students' motivation in science, technology,
engineering, and mathematics. Teachers who view 3D
printing technology as an effective learning tool to
enhance teaching efficacy in science, spark interest in
science, boost creativity, and increase STEM motivation
for students (Arslan & Erdogan, 2021; Cheng et al., 2020;
Han et al., 2021; Novak & Wisdom, 2018). Compared to
engineering teachers, science teachers' confidence
increases more after professional development and the
implementation of lessons using 3D printing (Kelley et
al., 2020). Experiments conducted with 3D printing have
shown improvements in various aspects: mechanical,
spatial, and associative skills, creativity, self-directed
learning, imagination, and understanding abstract
concepts (Cruz-campos et al., 2022).

The results of using 3D printing in the classroom by
teachers reflect that students' experiences of failure have
a positive impact on their learning processes. This
indicates that facing poorly structured problems, as
often occurs in 3D printing, can contribute to students'
growth as learners (Dickson et al., 2020). Teachers
acknowledge that maker spaces utilizing 3D printing
provide a rich environment for literacy development,
especially in terms of collaboration, knowledge
exchange, giving and receiving feedback, explaining
results against criteria, as well as peer and self-
assessment (Falloon, 2020). Teachers' modeling
knowledge significantly improves after undergoing
training related to the use of 3D printings (Asempapa &
Love, 2021). Teachers have a positive opinion about the
use of 3D printers for educational purposes as it
provides tangible materials, enhances students' desire to
learn, and proves highly helpful in creating teaching
materials (Ucgul & Altiok, 2023). The results of the
implementation of learning by science teachers related
to 3D design technology, which plays a crucial role in the
development of students' knowledge and skills.
Students extensively use this technology when creating
projects or designing products from their projects, and
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this situation motivates them in the project production
process (Akyol et al., 2022).

Factors inhibiting the use of 3D printing include
limitations in technological resources, teachers' abilities
and confidence, and spatial constraints (Bower et al.,
2020). The unavailability and difficulty of accessing
digital infrastructure and virtual laboratories in many
teacher education institutions also result in teachers
lacking skills in using 3D printing (Alda et al., 2020).
Another inhibiting factor is performance expectations,
facilitating conditions, anxiety, technology literacy
levels, the lack of training for teachers, and attitudes
toward the use of technology, all of which significantly
influence the adoption of new technology (Choi & Kim,
2018; Ford & Minshall, 2018; Holzmann et al., 2020).
Limitations in teachers' and students' skills in operating
relatively new digital devices must be promptly
addressed by finding new methods for teacher
professional development and suitable learning
approaches to integrate 3D printing technology into
education (Wibawa et al., 2021). Teachers involved in
research on the use of 3D printing stated through
responses to open-ended questions that 3D printing
applications in the classroom require a substantial
amount of time and can disrupt curriculum activities
that need to be completed (Branko et al., 2023).

Drawbacks of 3D printing systems include the need
to operate complex computer programs, limited
databases that focus on STEM fields, the significant time
investment required for teachers to understand how to
use these resources, and a greater emphasis on details
rather than fundamental principles (Cruz-campos et al.,
2022). Schools also need to be equipped with
appropriate 3D printing technology (Budinski et al,,
2022).

Conclusion

Teachers' use of 3D printing had a positive impact
in terms of pedagogy, confidence in teaching,
developing technical skills as well as having a positive
impact on students. Teachers experience changes in
teaching practices that are more innovative and creative
for students. The use of 3D printing also increases
collaboration  between teachers to share in
understanding and practice. Meanwhile, the barriers
experienced were related to the availability of
equipment, limited teacher skills and time in teaching.
Schools that have adequate 3D printing equipment also
cannot implement learning optimally if teachers do not
understand the use and design of learning using 3D
printing.
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