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Abstract: 3D printing technologies is showing a great potential in many fields. A
rapidly growing one is the educational field. The ability to realize structures and
models with low cost, low effort and relatively fast manner are examples of this
technology strengths. In this work, we report a bibliometric analysis of the litera-
ture published between 2004 and 2023 related to the use of 3D printing technol-
ogy in education. WebofScience library was utilized to extract the related litera-
ture. This paper offers a comprehensive look at how 3D printing is used in educa-
tion, highlighting its evolution and emerging trends. It emphasizes the need for a
bibliometric review due to the growing volume of related research. The findings
pinpoint recent advancements, identify research gaps, and suggest future ave-
nues for exploration, including broader research collaborations and innovative
teaching methods. Results from this review indicate an increase in publication in
the years between 2020 and 2023. Moreover, the number of publications from the
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USA was the highest among other countries included in this survey. Publications in the medical field predominant other topics as well
as Medical focused journals. Main key words use by authors were such as “3D printing”, “Hands-on learning/manipulatives” and “Med-

ical education”.
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Introduction

3D printing technologies have emerged as a transformative
force, reshaping industries, and redefining the possibilities of
manufacturing [1]. This revolutionary approach involves the
layer-by-layer construction of three-dimensional objects from
digital models, offering unparalleled flexibility and customization.
Initially conceived for rapid prototyping in manufacturing pro-
cesses, 3D printing has swiftly evolved, infiltrating diverse fields
with its innovative applications.

The most commonly used 3D printing technologies encom-
pass various methodologies, each with its unique approach to
creating three-dimensional objects. As an example of such tech-
nologies, fused deposition modeling (FDM) relies on the extru-
sion of heated thermoplastic filament layer by layer, following a
predetermined pattern to construct the final object. Another ex-
ample is stereolithography (SLA) employs a liquid resin cured by
ultraviolet light, with a build platform incrementally moving down-
ward as each layer solidifies. Additionally, selective laser sinter-
ing (SLS) utilizes a powdered material, typically a polymer or
metal, which is selectively fused by a laser to form successive
layers and achieve the desired shape. These technologies have
revolutionized manufacturing by offering versatile solutions for
prototyping, customization, and the production of intricate de-
signs across various industries [2]. Figure (1 shows examples of
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Figure (1): Different 3D printing technologies, (A) Fused Deposition Mod-
eling, (B) Selective Laser Sintering and (C) Stereolithography. Adapted
with permission from [3]. Copyright (2016) American Chemical Society.

In recent times, 3D printing technologies have captured the
imagination of researchers, engineers, and designers across
various domains, sparking a surge in interest and exploration.
Industries ranging from healthcare [4] to architecture [5], and aer-
ospace [6] to consumer goods [7], are witnessing a paradigm
shift as 3D printing continues to redefine traditional production
methods. This surge in interest is not merely confined to large
corporations but extends to a global community of innovators,
contributing to a dynamic and ever-expanding landscape of 3D
printing applications.
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One of the noteworthy aspects of this technological revolu-
tion is its profound impact on education. Beyond its industrial ap-
plications, 3D printing has emerged as an invaluable tool for en-
hancing the learning experience [8—10]. In educational settings,
3D printing provides a tangible and interactive dimension to the-
oretical concepts, allowing students to materialize their ideas
and gain hands-on experience in a wide array of subjects. From
physics and biology to design and engineering, educators are
increasingly incorporating 3D printing into curricula to foster cre-
ativity, problem-solving skills, and a deeper understanding of
complex concepts.

Bibliometrics analysis is key for following up current trends
in research and anticipating future interest. There have been
several bibliometrics reviews published related to 3D printing in
the past years. However, their main focus was on the industrial
applications of this technology or the research and development
to mitigate its limitation. Few other reviews focused on more spe-
cific topics of using 3D printing. Pernaa et al. [11] Published a
systematic literature analysis aimed at comprehensively review
prior research on the incorporation of 3D printers in chemistry
education. Findings suggest that while 3D printing has been pri-
marily employed for producing research instruments, there is a
notable gap in understanding its impact on learning and students'
perceptions, highlighting the need for comprehensive student-
centered pedagogical models in this context. Ford and Minshall
[12] published a review article on where and how 3D printing is
used in teaching and education. As a result of their review, the
utilization of 3D printing in educational environments such as
schools, universities, libraries, and special education settings,
six distinct use categories have been identified and delineated.
These categories include using 3D printing: (1) as an instruc-
tional tool for students; (2) to educate educators about 3D print-
ing; (3) as a supplementary technology during teaching ses-
sions; (4) to fabricate artifacts that enhance the learning experi-
ence; (5) to develop assistive technologies; and (6) to support
outreach activities. Despite finding instances of 3D printing-
based teaching practices within these categories, the implemen-
tation remains in its early stages, prompting recommendations
for future research and educational policy enhancements.

We have conducted this bibliometrics analysis to better un-
derstand the current interest in 3D printing technology as a tool
to support educational practice from a general perspective. Cur-
rently, there is a scarcity of similar bibliometric reviews that look
at the subject from a broader perspective. We aim to fill this gap
by offering a comprehensive overview of the research landscape
surrounding the utilization of 3D printing in education. Through
its broad perspective, this review seeks to provide valuable in-
sights into the trends, patterns, and research directions within
this rapidly evolving field. In the current work, we have analyzed
the included publications and highlighted different aspects such
as topics, countries, number of citations among others. This was
done with the aim of overlaying where this technology is better
acting and what will be its future. This bibliometric review focused
on the following research questions:

— What is the current state of using 3D printing in education,
this includes different educational aspects, key publications
and collaboration patterns?

— What is the main used terminology related to 3D printing in
the context of education.

— What are the trends and future perspectives of using 3D
printing technology as a facilitating tool for education?

Ali Shaqour, et al.

Materials and Methods
Methods

The objective of this research is to uncover the patterns and
trends within studies that explore the use of 3D printing technol-
ogies in education. This is achieved through a bibliographic anal-
ysis of pertinent publications. Bibliometric analysis, a well-estab-
lished method for examining published articles, is employed to
discern research developments in a given field [13]. This ap-
proach illuminates the scientific landscape by emphasizing the
publication patterns of scholarly work. The study encompasses
the examination of authors, collaborations, keywords, and cita-
tions in publications, aspects that have been extensively ad-
dressed in previous bibliometric analyses [14,15].

Data Collection

Included publications regarding the application of 3D printing
in education were gathered from the WebofScience, a database
chosen for its extensive coverage of the literature [16] and its
widespread use in related bibliometric studies. A variety of key-
word combinations were employed in the search process [17].
This was implemented via the following code: “TI=(((3d) or (three
ADJ dimension*) or (3 ADJ dimension*)) adj (print* or manu-
fact*)) OR AB=(((3d) or (three ADJ dimension*) or (3 ADJ dimen-
sion*)) adj (print* or manufact*)) OR TI=((Rapid ADJ protyp*) or
(Rapid ADJ manufacturing) or (Addictive ADJ manufacturing) or
Stereolithograph* or (Fused ADJ Deposition ADJ Model*) or
(Layered ADJ Object ADJ Manufact*)) OR AB=((Rapid ADJ pro-
typ*) or (Rapid ADJ manufacturing) or (Addictive ADJ manufac-
turing) or Stereolithograph* or (Fused ADJ Deposition ADJ
Model*) or (Laser ADJ Sinter*) or (Layered ADJ Object ADJ
Manufact*))”

The publication period spanned from 2004 to 2023, with a
focus only on English-language articles published in scientific
journals excluding literature reviews. To ensure relevance, a fil-
ter provided by Web of Science, termed "Web of Science Cate-
gories" was applied, allowing only articles within the categories
of "Education Scientific Disciplines" or "Education Educational
Research" to be included. This refined search yielded 503 arti-
cles that were incorporated into this review. Subsequently, the
bibliometric data pertaining to the search results was extracted
from the databases for further analysis.

Data analysis

The generated file from Web of Science was then processed
using VOSviewer (v1.6.20) to produce visual representation of
the data. Moreover, a custom Python code was developed to
perform quantitative data analysis.

Results

This study aims to analyze articles published from 2004 to
2023. The subsequent sections delve into various facets, provid-
ing readers with insights into the recent trends within the articles
covered in this review. Furthermore, the presentation encom-
passes significant elements such as key publications, prolific au-
thors, and the primary countries contributing to the majority of
the published works.
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Figure (2): No. of articles published vs. year of publication.

Table (1): Overview of top 10 journals in which most articles were pub-
lished.

Journal Nq. of_pub- % Impact
lication factor
Journal Of Chemical Education 99 19.7 3.0
Anatomical Sciences Education 29 5.8 7.3
European Journgl of Dental Edu- 25 5.0 24
cation
International Journal of Engi-
: : 21 42 -
neering Education
Bmc Medical Education 20 4.0 3.6
Journal Of Surgical Education 19 3.8 2.9
American Journal of Physics 15 3.0 0.9
Journal Of Veten_nary Medical 14 28 R
Education
Computer _Appllcatlon§ in Engi- 14 28 29
neering Education
European Journal of Physics 13 2.6 0.7

Overview of publications

The published work in the field of 3D printing related to edu-
cation began with a small interest starting from 2004. The ending
of the patent owned by Stratasys 2009 opened the door for much
cheaper 3D printers to be available in the market [18]. Moreover,
the growing of the RepRap society was obvious, who introduced
the first do it yourself (DIY) fused filament fabrication 3D printer.
This paved the way for the experimentation of using 3D printing
technologies in many fields. Therefore, the year 2014 witnessed
the start of an increase in interest with around 10 publications.
Afterwards, the published work in this field increased rapidly
reaching around 80 publications per year in the year from 2020
to 2023 (Figure (2). Around 63.5% of publications retrieved were
published in those years. The total number of publications in-
cluded in this analysis is 503 which were published in 127
sources. Around 54% of the included publications were pub-
lished in about 8% of the included journals. The Journal of Chem-
ical Education included the highest number of publications hav-
ing 19.7%. The Anatomical Sciences Education journal was the
second in the list shown in Table (1 (5.8%) and with the highest
impact factor, 7.3, among the top 10.

Authors working in this field spread all over the world. How-
ever, most of the published work came from the USA with around
(36.4%). China, Germany and Australia came after with a total
number of publications of 10.5%, 6.8% and 6.2%, respectively
(Figure (3). The University of Pennsylvania was the highest uni-
versity in terms of number of publications (7.5%) followed by the
University of California and the University of Nebraska (5.8%).
The University of Toronto in Canada was among the top ten uni-
versities in term of number of publications (4.6%). In Singapore
and the UK, Nanyang Technological Univesity and the University
of Bristol were among the top ten universities as shown in Table
(2 with 3.2% and 2.4% of the total number of publications in-
cluded in this review. Figure (4 illustrates the collaboration
among countries for the articles included in this review. The size
of the circle represents the number of published articles for the
specific country and the color of represents clusters with strong
co-authorship.
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Figure (3): Top 10 countries in terms of publication.

Table (2): Top 10 Universities in terms of publications.

University name Country Count %
University of Pennsylvania USA 36 7.2
University of California USA 29 5.8
University of Nebraska USA 26 5.2
University of Florida USA 24 4.8
University of Toronto Canada 23 4.6
University of North Carolina USA 21 4.2
University of Indiana USA 20 4.0
University of Georgia USA 16 3.2
Nanyang Technological University Singapore 16 3.2
University of Bristol UK 12 2.4
france
" caligda
peopl@ china, 7
england
au?uha @ usa
L > southkorea
braeil
olend
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Figure (4): Co-authorship based on countries.

Table (3): Top 5 highly cited authors.

Author Re- Number of Number
search Affiliation Publica- of cita-
name ' " .
field tions tions
Justin W. Medical Monash Uni- 4 730
Adams versity
Sreeni- Teahnologi-
vasulu R. Medical l0g 6 126
’ cal Univer-
Mogali ;
sity
Nanyang
Wai Y. Engi- Technologi-
! . 5 123
Yeong neering cal Univer-
sity
Garry Educa- Macquarie
) ) ) 5 87
Falloon tion University
Paul G. ) Telethon
Stevenson Medical Kids Institute 5 87

Highly cited work

Justin W. Adams, who was the most cited author, came from
Monash University in the USA. Within the included publications
in this survey, he produced four articles. As shown in Table (1
and Table (3, researchers and journals with a medical back-
ground predominant production of the published work included
in this study. McMenai et al. [19] produced the mostly cited article
with 421 citations. This work was published in the Journal of An-
atomical Sciences Education. Lim et al. [20] produced the sec-
ond highly cited publication with 279 citations which was pub-
lished in the same journal. As shown in Table (4, most of the top
10 highly cited articles were published in the Anatomical Sci-
ences Education journal. Follows, brief description of the top 10
highly cited articles.
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Table (4): Top 10 highly cited articles.

Article Title Authors and years Source of publication -g::‘ee;
The Production of Anatomical Teaching Resources Using Three-Di- McMenamin et al., 2014, [19] Anatomical Sciences Education 421
mensional (3D) Printing Technology
Use of 3D printed models in medical education: A randomized control
trial comparing 3D prints versus cadaveric materials for learning exter- Lim et al., 2016, [20] Anatomical Sciences Education 279
nal cardiac anatomy
Usage of 3D models of teFrangy of Eallot for mgdlcal education: impact Loke et al., 2017, [21] BMC Medical Education 123
on learning congenital heart disease
Teaching UV Vis Spectroscopy with a 3D-Printable Smartphone Spec- Grasse et al., 2016, [22] Journal of Chemical Education 121
trophotometer
Use of 3-Dimensional Printing Technology and Silicone Modeling in
Surgical Simulation: Development and Face Validation in Pediatric Lap- Cheung et al., 2014, [23] Journal of Surgical Education 118
aroscopic Pyeloplasty
Take away bpdy parts! An investigation into the use of 3D _prlnted ana Smith et al., 2018, [10] Anatomical Sciences Education 114
tomical models in undergraduate anatomy education
3D Printed Molecules and Extended' Solid Models for Teaching Sym- Scalfani & Vaid, 2014, [24] Journal of Chemical Education 12
metry and Point Groups
Evaluation by medical students of the educational value of multi-mate-
rial and multi-colored three-dimensional printed models of the upper Mogali et al., 2018, [25] Anatomical Sciences Education 86
limb for anatomical education
Injecting Realism in Surgical Training-Initial Simulation Experience with Waran et al., 2014, [26] Journal of Surgical Education 84
Custom 3D Models
3D Printout Models vs. 3D-Renfiered Imgges: Which Is Better for Pre- Zheng et al., 2016, [9] Journal of Surgical Education 82
operative Planning?

McMenamin et al. [7] reported how additive manufacturing,
specifically three-dimensional (3D) printing, facilitates the gener-
ation of replicas of dissected human cadavers and other anatom-
ical specimens, addressing various challenges. These 3D prints
are precise, high-resolution reproductions in accurate colors, uti-
lizing data from surface scanning or CT imaging. The report il-
lustrates the application of 3D printing in creating models that
depict negative spaces and incorporate contrast CT radiographic
data through segmentation software. The accuracy of these
printed specimens is then compared to that of the original ones.
This innovative method offers numerous advantages over plas-
tination, allowing for swift, scalable production of multiple copies
of dissected specimens at any size, making it suitable for teach-
ing facilities globally while mitigating cultural and ethical con-
cerns associated with cadaver specimens, whether embalmed
or plastinated.

Lim et al. [20] evaluated the efficacy of 3D prints in compar-
ison to cadaveric materials for acquiring knowledge in external
cardiac anatomy. The results from this preliminary investigation
indicate that the use of 3D prints does not put students at a dis-
advantage when compared to cadaveric materials. Moreover,
the findings suggest that, to the fullest extent, 3D prints may pro-
vide specific advantages in learning anatomy. This supports their
incorporation and continual assessment as supplementary tools
in curriculums based on cadaveric materials.

Loke et al. [21] study aimed to assess the impact of 3D mod-
els on the understanding and learning of tetralogy of Fallot
among pediatric residents after a teaching session. Thirty-five
pediatric residents were included in the study, showing no signif-
icant differences in background characteristics, including previ-
ous clinical exposure to tetralogy of Fallot. In the group pre-
sented with 2D images and the group presented with 3D models,
similar levels of knowledge acquisition were observed based on
post-test scores. However, residents taught with 3D models re-
ported higher composite learner satisfaction scores (P = 0.03).
Although the 3D model group also demonstrated higher self-ef-
ficacy aggregate scores, the difference was not statistically sig-
nificant (P = 0.39).

Grasse et al. [22] presented a cost-effective 3D-printable
smartphone spectrophotometer designed to maintain the re-
quired functionality and analytical accuracy for instructing princi-
ples such as the Beer-Lambert Law. The optical components
are organized intuitively, providing accessibility for students to
observe and experiment with relevant parts and parameters. In

Ali Shaqour, et al.

this context, they detailed the device and offer exercises aimed
at imparting various concepts in analytical spectrophotometry.

Cheung et al. [23] detailed the creation and face validation
of a simulator for pediatric pyeloplasty, constructed using a cost-
effective laparoscopic dry laboratory model developed through
3D printing and silicone modeling. The model exhibits favorable
characteristics in terms of usability, realism, and tactile sensa-
tion. Additionally, it is compatible with imaging under common
modalities, showcasing its potential as an effective educational
tool.

Smith et al. [10] presented in a comprehensive four-stage
mixed-methods study assessing the educational efficacy of 3D-
printed anatomical models in a medical program, various ap-
proaches were employed. The study included a quantitative
pre/post-test to measure knowledge change, student focus
groups, qualitative student questionnaires on individual model
usage, and teaching faculty evaluations. The utilization of 3D-
printed models in small-group anatomy sessions led to a signifi-
cant knowledge increase compared to traditional 2D-image
teaching methods (P < 0.0001). Student feedback identified key
themes such as model properties, teaching integration, resource
utilization, assessment, clinical imaging, and pathology. Ques-
tionnaire responses highlighted diverse ways students incorpo-
rated the models into their home study environment, integrating
them with anatomy resources. In conclusion, 3D-printed anatom-
ical models, derived from CT data of a deceased donor, prove
successful as standalone teaching tools and valuable supple-
ments to established learning methods like dissection-based
teaching in anatomy education.

Scalfani & Vaid [24] generated a set of digital 3D design files
representing molecular structures, designed for teaching chemi-
cal education topics like symmetry and point groups. This article
discusses two main methods for preparing 3D printable chemical
structures, both initiated with either a crystallographic infor-
mation file (cif.) or a protein databank (pdb.) file and ultimately
converted into a 3D stereolithography (stl.) file using commer-
cially and freely available software. From this series, 18 mole-
cules and 7 extended solids were successfully 3D printed. Their
findings affirm that the discussed file preparation methods are
effective for creating 3D printable digital files of chemical struc-
tures, and 3D printing stands as an excellent means for produc-
ing accurate models of molecules and extended solids.

3236

The use of 3D Printing Technologies in Education: A Bibliometrics Review of the ......



Mogali et al. [25] proposed that 3D printed models have the
potential to either substitute or enhance current resources in an-
atomical education. A novel multi-colored, multi-material 3D
printed model of the upper limb, with a spatial resolution of 1 mm,
was developed based on a plastinated upper limb prosection,
encompassing muscles, nerves, arteries, and bones. This study
investigates the educational value of the 3D printed model from
the learner's perspective. Fifteen students compared the 3D
printed models with plastinated prosections, sharing their views
through a survey and focus group discussion. The 3D printed
models received positive feedback for accurate anatomical fea-
tures, color-coded tissue representation, flexibility, and ease of
handling, providing a valuable addition to anatomical education
alongside wet cadaveric or plastinated prosections.

Waran et al. [26] study aimed to evaluate the efficacy of em-
ploying models for training surgeons in performing standard pro-
cedures involving intricate techniques and equipment. All partic-
ipating surgical candidates successfully acquired the founda-
tional knowledge of the surgical procedure introduced in the
workshop. The number of attempts and time invested in the
learning process were indicative of each candidate's seniority
and prior experience. Considering the need for surgical trainees
to undergo multiple attempts when learning crucial procedures,
the utilization of these models in surgical training simulation of-
fers a safe environment for repetitive practice until proficiency is
achieved. Theoretically, this approach could expedite the learn-
ing curve while standardizing the teaching and assessment
methods for these trainees.

Zheng et al. [9] study presented three distinct cases of pan-
creatic cancer to surgical residents using 3D-rendered images
and 3D-printed models to determine the most effective modality
for devising preoperative plans. Thirty first-year surgical resi-
dents were randomly assigned to two groups. In addition to tra-
ditional 2D computed tomography images, Group A examined
3D computer models, while Group B reviewed 3D-printed mod-
els. Residents in group B exhibited notably higher scores in the
quality of surgical plans compared to those in group A. This dis-
crepancy primarily stemmed from a significant variation in under-
standing key surgical steps between the two groups. Participants
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Figure (6): Co-occurrence of top 50 keywords based on All keywords.
Discussion and future perspectives

The application of 3D printing in education has closely mir-
rored technological advancements in the field, making it more
accessible, affordable, and capable over time [27]. User-friendly
software interfaces and educational resources have lowered bar-
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universally expressed a high level of satisfaction with the exer-
cise. The findings from this study substantiate the hypothesis
that 3D-printed models enhance the quality of preoperative plans
for surgical trainees.

Keywords analysis

Based on the articles included in this review, 3D printing was
used as a keyword in 25.4% of the articles. "Hands-on learn-
ing/manipulatives” and “Medical education” were mentioned
11.9% and 6.7%. This indicates that the research in the medical
sector predominant the production of publication using 3D print-
ing technologies for educational purposes. Figure (5 shows fre-
quency of the top 20 keywords. “Additive manufacturing” was
3.4% which indicates that “3D printing” is the most adopted term
among researchers in the education sector. Figure (6 shows an
illustration of the co-occurrence based on Author keywords. The
greater the number of connections between the two bubbles, the
higher the frequency of their co-appearance in publications, indi-
cating a more robust correlation. Bubbles within the same cluster
share a common color, signifying a stronger correlation among
them.
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riers to entry for educators. Moreover, advancements in materi-
als science have broadened the range of printable objects, en-
hancing hands-on learning experiences across various disci-
plines. For example, FDM printers, known for their affordability
and ease of use, are versatile tools suitable for a wide range of
educational applications, from science, technology, engineering
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and mathematics (STEM) subjects to arts and design, owing to
their ability for easy experimentation and iteration with different
materials with various properties [28]. SLA printers, character-
ized by high precision and intricate detail capabilities. This tech-
nology has relatively fast printing performance. However, it is
based on ultraviolet curing of liquid resin, thus it requires more
capable operators compared to FDM. Conversely, SLS printers
excel in producing durable, functional parts with complex geom-
etries and superior mechanical properties, despite their higher
cost and specialized operational requirements. This technology
can be used in producing training models for the purpose of med-
ical training for example [29]. In educational settings, the choice
among these technologies hinges on factors such as cost, ease
of use, material options, and specific application needs, guiding
educators to select the most suitable option to enhance learning
experiences and achieve educational objectives.

Integrating 3D printing into pedagogical models enhances
hands-on learning across diverse subjects, including humanities
and arts education. For example, in history classes, 3D-printed
models of ancient structures facilitate discussions on architec-
tural styles. In literature studies, tangible representations of fic-
tional settings foster deeper engagement. Pikkarainen and Piili
[30], developed a technical pedagogy in which they introduced a
methodology for integrating 3D printing in educational curricula.
Moreover, Brumpt et al. [31] ran a systematic review to investi-
gate the applicability of using 3D printing to produce anatomical
models for medical training. They found that the use of 3D print-
ing is an effective tool for teaching. Additionally, interdisciplinary
projects combining history, literature, and art promote critical
thinking and creativity. Bower et al. [32] discussed the concept
of Makerspaces pedagogy. They found that the use of tools such
as 3D printing among others for low-cost fabrication is to be ef-
fective for enhancing STEM education. Moreover, Tanabshi [33]
showed how barriers may be overcome between different disci-
plines using 3D printing technology. Moreover, it promotes
hands-on-experience, collaboration, and in-depth understanding
of the taught topic.

The accessibility of 3D printing technology varies globally,
prompting efforts to bridge accessibility gaps through initiatives
providing affordable solutions and educational programs. De-
spite variations in accessibility, ongoing efforts strive to ensure
inclusivity and innovation in education. One of the main initiatives
that led the accessibility of fabricating tools such as 3D printing
is the fabrication laboratory (Fablab) initiative led by Prof. Neil
Gershenfeld [34]. This initiative included a handbook and re-
courses for establishing a hub for fabricating and building DIY
products in a low-cost manner. They also provide alternatives for
outsourcing or building low-cost machines such as DIY 3D print-
ers. This allowed even less developed regions with limited finan-
cial resources to join. Additionally, the start of the Maker Move-
ment which aims at encouraging the public to build stuff and ex-
perience the DIY concept [35]. Those two movements found their
way into educational institutions as an essential asset for teach-
ing students and educators how to teach fabricating stuff either
for learning the process or for producing educational aids [36].

The integration of 3D printing technologies across educa-
tional levels presents both challenges and opportunities. Soomro
et al. [37] conducted a systematic review in which they showed
how makerspaces, which usually includes 3D printing machines,
contribute in fostering creativity, particularly in the STEM disci-
plines across different educational levels. Opportunities include
hands-on learning experiences, interdisciplinary connections,
personalized learning resources, project-based learning, and ca-
reer preparation. Trust et al. [38] showed in their study that edu-
cators are keen on utilizing new technologies in the teaching
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practice. However, their knowledge and experience are very lim-
ited with such technologies. To enable effective incorporation of
3D printing into teaching practices, educators require specific
training encompassing technical operation, curriculum design,
design thinking, and fostering innovation. Pearson and Dubé [39]
provided recommendations for how to approach and implement
3D printing in classroom based on theories such as situated
learning, experiential learning, critical making, constructionism
and self-directed learning.

Assessing the impact of 3D printing on learning outcomes
requires various methodologies, including pre- and post-test as-
sessments, qualitative methods, observational studies, longitu-
dinal studies, and comparative studies. There have been many
studies published confirming the positive impact of utilizing 3D
printing technologies in education. In medical education, Shi et
al. [40] conducted a literature review on the use of this technol-
ogy in fracture teaching and medical learning. The use of 3D
printing improved the effectiveness of teaching and learning in
this domain. Additionally, Brunner et al. [41] utilized 3D scanning
and printing to better train pediatric cardiologists. Both practical
skills and theoretical understanding were significantly improved
using this approach.

3D printing facilitates cross-disciplinary collaboration and
raises ethical considerations, particularly regarding informed
consent, privacy, accuracy, and cultural sensitivity. Policy impli-
cations related to 3D printing in education include funding allo-
cations, safety regulations, intellectual property rights, and ac-
cessibility. Addressing security concerns requires clear policies,
technological solutions, and educational initiatives. Rimmer [42]
wrote about intellectual property, higher education and 3D print-
ing in a global context. His conclusion is that the rise of 3D print-
ing presents an opportunity for universities to advance public in-
terests through open access, open data, and open innovation
models. Additionally, he added that 3D printing prompts a need
to update patent law, practice, and policy to accommodate dis-
ruptive technologies like 3D printing. However, since the rise of
the maker movement, many websites base on the creative com-
mon license come to exist such as Thingiverse [43] and Grabcad
[44]. Moreover, many contributors from the 3D printing commu-
nity fed such online resources with designs and 3D printable
files. Therefore, the current workflow of downloading a design,
setting up a 3D printable file and clicking the print button on a 3D
printer to fabricate this design can be done by a non-trained per-
son. This helps greatly the implementation of this technology
within educational systems without the need of heavily training
requirements for the educators. However, more effort should be
done still to produce handbook and practices on how to use this
technology from an educational perspective.

Conclusion

This bibliometric examination sheds light on the literature
spanning from 2004 to 2023, focusing on the utilization of 3D
printing technology in education. It is evident that interest in this
domain has surged, particularly over the past four years, with a
predominant emphasis on publications in the medical field. This
underscores the technology's wide-ranging benefits, including its
utility in constructing educational models, preoperative planning,
and training. The accessibility of user-friendly 3D printing ma-
chines, requiring minimal expertise, coupled with cost-effective-
ness and rapid, labor-efficient production, has significantly con-
tributed to the appeal of integrating 3D printing technology as an
educational aid. Research on 3D printing technologies in educa-
tion explores uncharted areas such as supporting diverse learn-
ing styles, interdisciplinary collaboration, and ethical, social, and
cultural implications, paving the way for innovative teaching and
learning approaches.
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