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ABSTRACT 
 
This systematic review explored how 3D printing as an educational tool favors 
learning and develops creative thinking in higher education students, particularly 
in the industrial design career. Furthermore, this tool potentiates specific 
educational and cognitive abilities in students. Therefore, we performed a 
literature analysis covering the years 2017 to 2022 on how 3D printing has been 
integrated into the educational area and where the work in the classroom is 
headed. In this context, we followed the inclusion, exclusion, and relevance 
criteria to search for articles, resulting in the analysis of 19 documents found in 
the Google Scholar, SciELO, Redalyc and Scopus databases. We divided the 
analysis into five steps: planning, selection, extraction, results, and conclusions. 
The results show that most authors agree that the use of 3D printing helps to 
develop creativity and generate motivation in students. Therefore, it is necessary 
to promote an intelligent curriculum with scientific and technological innovations 
that reinforce the path toward their professional development. 
 
RESUMEN 
 
La presente revisión sistemática exploró de qué manera el uso de la impresión 
3D como recurso educativo favorece el aprendizaje y fomenta el desarrollo del 
pensamiento creativo en estudiantes de nivel superior, particularmente en 
aquellos que cursan la carrera de Diseño industrial. El uso de esta herramienta 
ofrece la oportunidad de potenciar diversas habilidades educativas y cognitivas 
en los estudiantes. Se realizó un análisis de la literatura académica publicada de 
2017 a 2022, sobre la integración de la impresión 3D en el área educativa y las 
tendencias que determinan la dirección de este trabajo en las aulas. En este 
contexto, para la búsqueda de los artículos se siguieron los criterios de inclusión, 
exclusión y pertinencia, lo que dio como resultado el análisis de 19 documentos 
encontrados en las bases de datos de Google Académico, SciELO, Redalyc y 
Scopus. El análisis se dividió en cinco pasos: planeación, selección, extracción, 
resultados y conclusiones. Los resultados muestran que la mayoría de los 
autores coincide en que el uso de la impresión 3D favorece el desarrollo de la 
creatividad y genera motivación en los estudiantes, por lo que es necesario 
impulsar un currículo inteligente con innovaciones científicas y tecnológicas que 

refuercen el camino hacia su desarrollo profesional. 
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INTRODUCTION 

In education, as in different areas of knowledge, the use of technology is 
determined by stated objectives, just as López-Arenas (2009) mentions: 
"the setting of objectives must always be preceding to the use of 
technological resources and not the other way around [...] claim for it the 
place that corresponds to it at the time of decision-making"(p. 191), so it is 
not only the use of the tool itself, but the for what and how it will be used.  

The 2018 Horizon Report for Higher Education describes various 
developments that employ educational technology as tools and resources 
aimed at improving teaching and learning. These developments are 
categorized into seven areas that are relevant to education and creative 
inquiry. In the report, 3D printing is considered to belong to visualization 
technologies, due to the fact that it seeks the brain's ability to quickly 
process visual information, identify patterns, explore dynamic processes, 
and simplify the complex (Adams et al., 2018). Ortiz (2019) states as 
follows: 

To create a 3D model, the first step is to design it with a 3D rendering software 
(CAD type). The model is saved in a stereolithography (.STL file). The printer 
software reinterprets the information in the .STL file and transforms it into 2D 
horizontal sections that will be printed by the printer in an additive way until the 
complete 3D object is formed (p. 1). 

Berchon et al. (2014) mention that "this technique is called 'additive' 
manufacturing because it is carried out by adding material: the object 
takes shape as the layers solidify" (p. 3). Currently, 3D printing technology 
is used in multiple fields, including medicine, where it is used for "the 
development of medical devices [...] as various models of prostheses, 
implants and tissues have been manufactured by combining the use of 
different additive manufacturing techniques with the incorporation of 
cellular arrays, promoting the regeneration of biological structures" 
(Valenzuela-Villela et al., 2020, p. 164). Results are even recorded in a 
research on the teaching of human anatomy that reports that students who 
made use of 3D printing showed greater accuracy in answering questions 
compared to students in conventional groups (Ye et al., 2020). 

In the construction industry, "the minimization of material use is not only 
an industrial demand and a need for feasibility, but also one of the greatest 
contributions of 3D printing technology" (Nadal et al., 2017, p. 241). In the 
food area, its application is visualized due to the fact that "it has great 
potential to produce food with textures and geometric shapes that are 
complex to elaborate [...]; the contribution of this technology lies in its use 
[...] that highlights the most attractive characteristics of a food towards a 
consumer" (Almeida- Bodero et al., 2021, p. 845). However, "the 
pedagogical use of 3D printing could change, once teachers and students 
become familiar with the makerspace culture [...]. The current state of 
pedagogical research and development remains unclear" (Pernaa and 
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Wiedmer, 2020, p. 2). Because of the above, it is important to use 3D 
printing optimally to support the teaching-learning process of students. 

Using technological tools with a specific objective within the teaching-
learning process favors innovation and creativity, as mentioned by Žujović 
et al. (2022), "understanding the effects of advanced technologies can 
guide future research, innovate design methods and improve education 
[...]. It can be used in the stages of the design process, from prototyping to 
the fabrication of full-scale structures" (p. 1). 

Similarly, the use of 3D printing as an educational tool has been a latent 
trend and there has been a growing interest in incorporating it in the 
teaching-learning process, because "every revolutionary technology aims 
to multiply some of our natural abilities [...] and by multiplying our 
capabilities, new technologies always have a profound impact [...] on how 
they transform our work and personal relationships, our institutions and 
even our history" (Vazhnov, 2013, p. 3). Therefore, this systematic review 
shows how 3D printing has been analyzed educationally to develop 
creative thinking, as referred by Salomon (1992): 

The cultivation of skills cannot be acquired except by direct experience [...]; the 
technology must demand of the individual a further development of the skills he 
already possesses at the time he is confronted with the technology [...]. Mere 
exposure and even some unconscious and poorly executed activity may not be 
enough (pp. 150-151). 

Now, it is necessary to identify that "the competence of creative thinking 
is the mental behavior that generates processes of search and discovery of 
new and feasible solutions [...]. Related to the capacity for observation, 
problem solving and decision making, creativity, innovation and 
flexibility" (Hernández et al., 2018, pp. 314-342). For this reason, it is 
essential to develop this competence in students so that they can find and 
propose original and innovative solutions to the new challenges of the 
working world. 

This research work carried out a review of the literature in a span that 
spans from 2017 to 2022, including the period prior to the pandemic 
caused by covid-19, since 3D printing was considered one of the trends in 
education; however, it is observed that its appropriation was interrupted 
before the contingency due to the confinement measures and the null 
access to the equipment in the institutional laboratories. It is worth 
mentioning that after this situation its use has been resumed in recent 
applications. 

The present research consists of the following sections: the first section 
provides an introduction on 3D printing and its relationship with creative 
thinking; the second section determines the methodology used to carry out 
the systematic review, which is divided into planning, selection and 
extraction of information; the third section shows the results obtained; the 
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fourth section presents the discussion; and, finally, the fifth section 
outlines the conclusions derived from the research. 

 

METHODOLOGY 

An exploratory systematic literature review was conducted with the aim of 
finding related studies on where or how 3D printing is used as an 
educational tool in design, specifically in industrial design. The procedure 
to select the articles to be analyzed consisted of five main stages, within 
which a total of twelve steps were included, as shown in Figure 1. 

 

 
 

 

 

 
Figure 1. Stages and steps of the systematic review. 
Source: Selt elaboration with theoretical references from Mejia et al. (2022). 

 

The following is a description of each of the stages and steps involved in 

the systematic review. 

Planning 

Statement of the research question 

While the development of creative thinking in basic education is developed 
on an ongoing basis, this does not happen with the same continuity and 
focus in higher education; therefore, the following research question 
arises: does the inclusion of 3D printing as an educational tool favor 
learning and develop creative thinking in industrial design students? 
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Defining define the search term 

To use the scientific databases, Boolean operators were used using the 
following strings in Spanish: (ab:((ti:("3D printing" AND "educational 
technology" OR "industrial design")))), and in English: (ab:((ti:("3D 
Printing" AND "educational technology" OR "industrial design")))), using 
quotation marks around each term to ensure an exact match. Scientific 
texts incorporating these terms in their titles or abstracts were selected. A 
six-year period (2017 to 2022) was established for the analysis, and 
scientific articles in Spanish and English were included. 

 

Selection 

Sources of information 

Four databases were selected: Google Scholar, Redalyc, SciELO and 
Scopus, since these specialized information sources contain scientific 
research of a multidisciplinary nature. 

Selection of the literature obtained 

The Boolean string formula for the search was configured in the four 
databases mentioned above, resulting in a total of 191 documents, of which 
13 were obtained from Google Scholar, 32 from Redalyc, 62 from SciELO 
and 84 from Scopus. These documents were subjected to inclusion, 
exclusion and relevance criteria. 

Inclusion and exclusion criteria 

As part of the inclusion and exclusion criteria, articles written in Spanish 
had to include in the title or abstract the terms: "3D printing", "educational 
technology" or "industrial design", while articles in English had to contain: 
"3D Printing", "educational technology" or "industrial design". Based on 
these criteria, only 89 articles were considered from the total sample: 12 
from Google Scholar, 31 from Redalyc, 20 from SciELO and 26 from 
Scopus. 

In the next step, the criterion of relevance was applied, i.e., those articles 
were discarded that, despite meeting the inclusion and exclusion criteria, 
were not relevant due to their scarce information on 3D printing or 
because they did not focus on the area of industrial design. As a result, a 
total of 32 articles were retained. 

Subsequently, a review was conducted to ensure that the articles were 
within the period from 2017 to 2022. As a result, 19 articles were obtained, 
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distributed as follows: 2 from Google Scholar, 9 from Redalyc, 4 from 
SciELO and 4 from Scopus, as shown in Figure 2. 

 

 

Figure 2. Selection process of scientific articles for systematic review. 

 

Extracting 

Concentration and analysis of data 

The most relevant data found in the selected articles were incorporated 
into a matrix of general aspects such as: year, author, title, categories, 
methodology used, premise and location, with the aim of showing 
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significant information from each of the documents and identifying the 
essential points of the research question (see table 1). 

 

Table 1. Selection of articles in the databases 
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RESULT 

Categories analyzed 

The search for 3D printing as an educational technology and its application 
in the field of industrial design was carried out in four databases, from 
which 191 articles were obtained, which were reviewed applying the 
inclusion, exclusion and relevance criteria, which led to the selection of a 
total of 19 scientific research articles for analysis (see table 2). 

 

Tabla 2. Articles included from the databases 
 

Datebase  Articles found  Items included  

Google Académico  13  2  

Redalyc  32  9  

SciELO  62  4  

Scopus 84 4 

Total  191  19  

 

3D printing, educational technology and design 

The VOSviewer software was used in the databases of Google Scholar, 
SciELO, Redalyc and Scopus to analyze the bibliometric networks in order 
to identify links between the main categories during the period 2017-2022. 
Figure 3 identifies trends by interest in the topics covered. 
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Figure 3. Bibliometric network (Google Scholar, SciELO, Redalyc and Scopus) 

and the main categories found in the analyzed articles  

 

Analysis of the articles led to the identification of 60 specific categories 
that show their relationships with others. These categories were: 
adaptability, didactic support, learning, project-based learning, 
collaborative learning, creative learning, imaginative learning, creative 
appropriation, natural appropriation, CAD, change, educational change, 
skills, innovation communities, creativity, curiosity, creativity 
development, skills development, design, industrial design, innovative 
design, instructional design, education, formal education, engineering 
teaching, flexibility, design fundamentals, generation Y, generation Z, 
study habits, 3D printing, technological incorporation, engineering, 
scientific innovation, educational innovation, technological innovation, 
intelligence, interactivity, research, youth, play, makerspace, teaching 
media, motivation, new technologies, critical thinking, design thinking, 
pedagogical practice, technological production, roles, service, technology, 
educational technology, transformative technology, converging 
technologies, digital technologies, learning theories, ICT, collaborative 
work and innovative university (see figure 4). 
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Figure 4. Word cloud with the main categories found in the analyzed articles 

 

Validation trends 

The method used to validate 3D printing as a technological tool that 
promotes learning in the area of industrial design was based on the 
analysis of the categories implicit in each of the articles. This included 
considering how students used it, or how teachers incorporate this tool 
into the teaching process. 

The articles show that their implementation focuses mainly on the field of 
mathematics, its application as technology and the use of tangible 
materials; However, most authors agree that this tool encourages the 
development of creativity and generates motivation in students (see table 
3). 

 

Table 3. Implementation trends 

Author 
/ year 

Main focus Main category worked Interest in 
development  

2017 

Pinto, L. 
Technology Design thinking 

Cognitive  

2017 
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Gallardo, 
K. 

Tangible materials  

Creativity 

2017 

Bonet, A. 

2017 

Rúa, E. 

2018 

Pedroza, 
R. 

Innovation 
Cognitive and 
educational 

2018 

Reyes, F. 
Technology and innovation Comprehensive thinking  Holistic   

2018 

Blázquez, 
P. 

Methodology Motivation Educational  

2018 

Zhou, K 
Technology  Creativity  Cognitive  

2019 

Popescu, 
D. 

Collective work  

 

Study habits  

Critical thinking  Holistic 

2019 

Ford, S. 
Methodology  Educative technology  

Educational  

 

 

2020 

Ayón, E. 
Methodology  Training process 

2020 

Wilson, 
W. 

Innovation 

Collective work  

Motivation 

2020 

Sun, H. 
Innovation Design thinking  

2021 

Suardíaz, 
J. 

Methodology Service based learning  
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2021 

Prendes, 
M. 

Technology  

Teaching aids  
Cognitive and 
educational  

2022 

Saorín, J. 
Collaborative learning  Educational  

2022 

Sánchez-
Vera, M. 

Educative technology  
Cognitive and 
educational 

2022 

Candia, 
F. 

Technologic education Cognitive 

2022 

Vázquez, 
M. 

Educative technology  Cognitive 

 

DISCUSSION 

The information obtained shows that 3D printing as an educational tool 
offers a wide range of possibilities that have not yet been fully explored. 
The main methodology is constructivist approach, which allows students 
to create meanings and explore from their experience. While creative 
thinking is developed from basic levels, there are still important research 
opportunities in higher education. Beyond the simple use of the tool, the 
goal is to develop cognitive skills that contribute to the professional growth 
of students. 

As shown in the bibliometric network (Figure 3), between 2017 and 2019, 
the period before the pandemic, 3D printing was used as an educational 
strategy with the aim of creating tangible objects, since at that time it was 
a tool that was being explored. However, during the confinement caused 
by covid-19, there were limitations in terms of access and use of equipment 
in institutions, which caused 3D printing to be done with home equipment. 
As a result, both the institutions and the teachers sought to incorporate 3D 
printing as part of their educational methodology, in view of the fact that 
the students were integrated back into the classrooms with different 
knowledge acquired autonomously. 

The most recent articles, published from 2021 and 2022, present 3D 
printing with a main focus as educational technology and an interest in 
developing students not only educational but cognitive skills, "To facilitate 
access [...] to the world of work and entrepreneurship [...], the aim is to 
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promote the strengthening of the cognitive process [...] of students who 
demand quality instruction" (Candia, 2022, p. 4). 

It has been observed that 3D printing has helped students in various areas 
to solve concepts more efficiently and with greater understanding, 
precision and integration in a shorter time, something that had not been 
achieved conventionally (Ye et al., 2020). As a result, "teaching methods 
should also motivate students to study this technology in detail and help 
them develop their critical thinking and reasoning about 3D processes" 
(Popescu et al., 2019, p. 243). 

In this sense, we understand "the clear preferences of students towards 
more visual, interactive and practical learning activities [...], more tests of 
theoretical applications in practice" (Popescu et al., 2019, p. 251). 
Therefore, it is important to follow this process and identify whether there 
is an improvement in the acquisition of knowledge as the required skill is 
planned and developed. 

Something similar happened with the results provided by Candia (2022), 
who mentions that "for solving mathematical problems [...] the proposal 
is feasible with a high degree of applicability during collaborative 
repetition [...] involving 3D printed teaching material" (p. 24). Several of 
the articles analyzed agree on the need to boost creativity and develop an 
intelligent curriculum with scientific and technological innovations, 
referring to educational technology and the application of new tools in the 
teaching-learning process. 

Based on recent trends, an opportunity for improvement is the application 
of 3D printing as an educational tool. This can be achieved through an 
instructional design that allows meeting objectives and goals to develop 
competencies or skills, and learning thematic content, as described by 
Blázquez et al. (2018): "an instructional design that is defined, defining 
roles and design foundations [...] solving real and contextualized problems 
for students [...] discovering aspects that arouse their curiosity" (p. 172). 
In this way, it will be possible to confirm if the didactic strategy in its 
design and implementation is viable to promote the development of 
creativity. 

 

CONCLUSIONS 

According to the systematic review, it is important to note that institutions 
and teachers should implement more complex projects that lead students 
to investigate and work iteratively with this tool to encourage the 
development of creative thinking. An obvious strength is the opportunity 
to use 3D printing technology to improve the way students learn because 
it offers the advantage of interacting with real objects in flexible 
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environments and encourages the development of self-learning 
capabilities. This, in turn, gives rise to creativity and autonomy, which 
generates new forms of communication and promotes the development of 
creative thinking through collaborative work. 

The possibility of developing creative thinking in industrial design 
students with the use of 3D printing is evident, because iteratively and 
seeks that they themselves manage to create a personalized process that 
allows them to better understand and create with innovation. 

The importance of knowing how new generations learn will undoubtedly 
lead to greater use of a technology based on 3D printing as an educational 
tool. This will identify how students tend to appropriate this type of 
technology. The development of creative thinking can benefit if a process 
is organized from the conception, visualization, design and printing of the 
final object. This process will not only contribute to the educational 
competences, but also to the cognitive competences of the student. 

It is suggested to create a didactic tool, as an educational strategy to build 
an object through a structured and organized process that contributes to 
the development of creative thinking. That is, a platform with a sequential 
guide that, following an organized process, will access combining theory 
with practice. This will allow students to develop their creativity and 
record how they manage to create and manipulate a 3D object. 

Likewise, the need arises to develop creative thinking that is not limited to 
the use of a technological tool, but that optimally generates a 
comprehensive thinking when using educational technology to motivate 
and encourage creativity. The integration of 3D printing in the classroom 
aims to be perceived as a strategy that promotes teaching and collaborative 
learning by using it as a tool. 
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