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Abstract
This research presents results for the design and creation of supporting teaching materials using additive manufacturing. 
The materials are inspired by selected artwork of four animal species, which belong to a collection from the museum of 
the University of Antioquia. The topic selected was fauna in Colombia, and the animals in question were chosen based on 
important roles they have in areas like health, the environment, and food. These animals will complement science education 
given to several age groups visiting the museum. In addition to the 3D-manufactured objects, a study was conducted using 
several age groups that are very relevant to the museum: children, teenagers, and first year undergraduate students. A video 
showing technical information cards about the manufacturing process was also developed. This project was multidiscipli-
nary, involving collaboration between the engineering school, the museum, and a local high school. The results showed 
that young visitors want complete information on the animals and to have interaction with the animal models, which is not 
always possible. This project serves as a local strategy not only for taking arts and knowledge out of the museum but also 
for planning first year courses in the university and thus reducing problems like school dropout, low motivation, and poor 
performance in national exams.
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Introduction

Nowadays, teaching and learning demand new methods 
and strategies to keep students motivated in the classroom. 
Correspondingly, there has been significant development of 
teaching methods and strategies for science and engineer-
ing which can facilitate the necessary changes (Davim, 
2014; Wankat & Oreovicz, 2015). However, in most areas 
and countries, the situation is still far from ideal, which 
causes issues such as school drop-out (Sabates, Westbrook, 
Akyeampong, & Hunt, 2010), frustration (Zhang, Marko-
poulos, & Bekker, n.d.), and lack of or surplus of profession-
als in some sectors (Stevens, Andrade, & Page, 2016; Xue & 
Larson, 2015). One example of these issues is the need for 
museums to increase visitor numbers in order to avoid their 

collapse (Di Pietro, Guglielmetti Mugion, Renzi, & Toni, 
2014). In addition, there is a lack of environmental educa-
tion in many countries, which could lead to species extinc-
tion and other related issues (Mauricio, Castellanos, Dios, & 
Ortegon, n.d.). Another important consideration is the need 
for an inter and multi-disciplinarily education (Ullah, 2013) 
that gives students tools for facing subjects such as envi-
ronmental issues or over population (Marques, 2008). For 
these reasons, the aim of this project is to investigate a mul-
tidisciplinary approach that involves active methods, arts, 
manufacturing of parts (via additive manufacturing), and 
experimental learning (Hajshirmohammadi, 2017). As such, 
the selected museum pieces were studied, manufactured, and 
presented to students in both a primary school and a univer-
sity. A case study teaching method was initially considered 
central to this research because diverse case study meth-
ods can be developed around problem-based learning with 
a high level of student interaction through the case. How-
ever, later, a combined strategy was selected as described 
above, thereby not limiting the study to one methodology. 
The use of a discussion case method could be particularly 
appropriate for this investigation (Gomm, Hammersley, & 

 * Henry A. Colorado 
 henry.colorado@udea.edu.co

1 CCComposites Laboratory, Engineering School, Universidad 
de Antioquia UdeA, Calle 70 N°. 52-21, Medellín, Colombia

2 Museo Universitario-UdeA, Universidad de Antioquia, 
Medellín, Colombia

/ Published online: 27 October 2020

http://orcid.org/0000-0003-4948-0482
http://crossmark.crossref.org/dialog/?doi=10.1007/s10956-020-09873-1&domain=pdf


Journal of Science Education and Technology (2021) 30:58–73 

Foster, 2000; Grimes & Warschauer, 2008), where students 
can actively cooperate with each other, thereby maximizing 
learning (Herreid, 2011; Tsay & Brady, 2010).

Additive manufacturing (AM) or 3D printing (3DP) is 
significantly changing many fields in engineering, econom-
ics, arts, and education (Gibson, Rosen, & Stucker, 2010). 
AM in particular is a very adaptable solution that is cur-
rently playing an important role in several of the world’s 
key problems: environmental and economical sustainability, 
medicine, and education. In terms of environmental sustain-
ability, AM has been used as an effective technique for rapid 
prototyping (Campbell, Bourell, & Gibson, 2012) by opti-
mizing the product design to reduce waste and contribute to 
a circular economy (Sauerwein, Doubrovski, Balkenende, & 
Bakker, 2019). In medicine, AM has had a significant impact 
on the manufacturing of tissues and organs (Melchels et al., 
2012), prosthesis (Chen, Jin, Wensman, & Shih, 2016), and 
recently on the manufacturing of respiratory protection 
against coronavirus in the Covid-19 pandemic (Fleischer, 
Diehl, Wauben, & Dankelman, 2020; Gates, 2020; Reich, 
2020). In terms of production costs, economists consider 
AM to be an industrial revolution both for small-batch and 
mass production. All this has provided the setting for an 
intense debate about the real costs of AM and its impact on 
the environment (Atzeni & Salmi, 2012; Baumers, Dickens, 
Tuck, & Hague, 2016; Sun, Hua, Cheng, & Wang, 2020; 
Walls, Corney, & Annamalai Vasantha, 2014; Wittbrodt 
et al., 2013).

The educational model is in a constant process of eval-
uation and continually seeks new learning techniques. 
Therefore, any method that allows learning to be conducted 
through experiences will help the work of teachers and stim-
ulate students in their learning.

Particularly in education, AM is introducing new meth-
odologies and strategies that solve some of the deficits that 
teaching practice can have (Ford & Minshall, 2019). It is 
providing new teaching practices which can be used as a 
powerful tool for manufacturing elsewhere. Because AM is 
very versatile, the technique has been explored in the teach-
ing of different subjects, such as structural dynamics (Virgin, 
2017), undergraduate and graduate degrees in manufacturing 
(Leary, Mazur, McMillan, Brandt, & Subic, 2015; Stern, 
Rosenthal, Dresler, & Ashkenazi, 2019), and multidiscipli-
nary projects for training teachers in AM in a collaborative 
way (Schelly, Anzalone, Wijnen, & Pearce, 2015). Of par-
ticular interest is the use of AM for the production of models 
and other types of anatomical materials. These can be used 
to teach biology and medicine where the use of dead bod-
ies and dissection is inefficient, expensive, and sometimes 
impossible or considered unethical (Mcmenamin, Quayle, 
Mchenry, & Adams, 2014). In areas such as archaeology, 
through models, AM is also having an important impact on 
the way students, teachers, and the general public interact 

with priceless artifacts that are impossible to interact with 
due to their cultural or scientific value (Reilly, 2015). Thus, 
museums and other organizations related to the preservation 
of cultural heritage are now starting to use AM as a way to 
preserve their collections and make them more accessible to 
students and the general public (Neumüller, Reichinger, Rist, 
& Kern, 2014). Being able to gain close access to artifacts 
is of course a more fruitful experience for visitors and also 
enables museums to promote their collections in real life 
instead of only in catalogues. The 3D scanning of a piece is 
typically the preliminary step before the 3DP process begins. 
This experience has also been identified to help enable sensi-
tive groups, such as people with learning issues, children, 
the elderly, and the disabled to access knowledge (Neumüller 
et al., 2014).

On the other hand, deforestation and wildlife extinction 
are global problems (Ehrlich, Ceballos, & García, 2010) 
which have multiple causes, such as the wrong economic 
model and overpopulation (Harari, 2018). The Amazonia 
region (which contains the large Amazon rainforest and cov-
ers several nations in South America: Brazil, Peru, Colom-
bia, Venezuela, Ecuador, Bolivia, Guyana, and Suriname) 
is one of the last pristine regions of the planet that still has 
an abundant number of species and therefore represents a 
hope for future generations and requires immediate action 
to be taken to preserve it. AM can be a way to teach children 
about the local species in this region, and thus be a tool for 
learning not only about how the species look but also about 
how important they are to the community and the planet.

Students today are demanding a change in syllabus con-
tent to include more important social issues and megatrend 
challenges in teaching practice (Parker, Prabawa-Sear, & 
Kustiningsih, 2018). They also require a varied style in 
teaching methods (Lujan & Dicarlo, 2006), expressing that 
the teaching strategy, methodology, and tools all count in the 
learning process. In particular, active-based, project-based, 
teaching-based, inquiry-based, game-based, and case study 
learning methodologies have been the subject of intense 
research and practice in multiple areas (Konopka, Adaime, 
& Mosele, 2015), proving they are a good way to introduce 
students to practical subjects, including in museums (Boys, 
Hannan, Duhs, & Chatterjee, 2019).

In this project, several animals were selected based on 
their importance in the community, their relatively unknown 
characteristics, and also because models of them can be 
found in the museum of the University of Antioquia. This 
provides the opportunity for a multidisciplinary project to be 
conducted involving areas such as education, engineering, 
biology, and arts. These species were also selected to empha-
size their relationship with humans, which is sometimes 
underestimated. Thus, native species of bee, tardigrade, 
ant, and mosquito were selected based on the following 
considerations. First, it is well known that bee numbers are 
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decreasing dramatically worldwide due to the uncontrolled 
use of harmful pesticides (Abramson, Aquino, Ramalho, & 
Price, 1999), which could result in a lack of pollination and 
a consequent world famine. This is a worldwide problem, 
and although there is not much data about it in Colombia, 
the situation there may be even worse due to the number of 
pesticides used against illegal drug plantations. Such pesti-
cides might even affect the chemistry of honey (Weinstock 
et al., 2006). On the contrary, tardigrades (or water bears) 
are microscopic animals well-known to be one the toughest 
species on earth able to survive the most extreme conditions, 
such as high vacuum, low temperatures, and lack of water 
and food (Tsukii, 2009). This animal has been identified as a 
bio-indicator (Vargha & Tuba, 2002) of pollution and other 
environmental effects. The mosquito is perhaps the dead-
liest animal for humans, responsible for spreading numer-
ous viruses and illnesses every year. It has been reported 
(Dupont-Rouzeyrol et al., 2015) that every year, dengue 
virus causes more than 50,000,000 cases, 500,000 hospi-
talizations, and 12,500 deaths worldwide. Part of the prob-
lem is that communities do not usually know much about 
this insect. Finally, ants are well known (Dauber & Wolters, 
2004) to be incredibly strong, collaborative and hardwork-
ing, which are desirable values in many communities.

Since the main goal of this research is to investigate a 
multidisciplinary method to educate people visiting the 
museum of the University of Antioquia, a strategy must be 
developed to motivate children and young people to learn 
about the local fauna using arts and engineering. Objectives 
include the use of an advanced manufacturing technique to 
show students from diverse areas about engineering, par-
ticularly materials and 3D printing; to explore active learn-
ing methods in different environments as a strategy to bring 
more people to the museum and to motivate people to learn; 

and to work in an interdisciplinary area that shows partici-
pants the relationship between different parts of a project. 
In order to fulfill these goals, a scanning apparatus was used 
to digitalize selected art pieces from a museum, which were 
later printed in a FFF (fused filament fabrication) apparatus 
using several materials. Scanning electron (SEM) and opti-
cal (OM) microscopies were used to characterize the local 
species. In addition, selected information was put on cards 
for the participants to read, and some artwork was included 
in the activities designed to fulfill the aforementioned objec-
tives. Thus, 3D models, technical information, art pieces, 
and active learning methods were used to study the par-
ticipants’ response. Their experience interacting with this 
different information was recorded.

Materials and Methods

Three (3) animal specimens (ant, bee, and mosquito) found 
in the Natural Sciences collection of the museum of the Uni-
versity of Antioquia and one (1) animal (tardigrade) from a 
laboratory in the University of Antioquia’s Institute of Biol-
ogy were the focus of this work.

The general methodology followed in this research is 
summarized in Fig. 1. Three different types of information 
related to the artwork in the museum were presented to the 
participants who evaluated it using simple qualitative sur-
veys. The arrows in the block diagram demonstrate that all 
three types of information were presented to the participants 
together to contribute to the learning activities.

The information was a sculpture, a museum piece, a 
3D-printed model simulating the art piece in several sizes 
and materials and technical information cards related to the 
object. The selected artwork for the projects were small 

Fig. 1  Block diagram of the 
method followed in this inves-
tigation
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animal sculptures from the museum of the University of 
Antioquia made of balsa wood by biologist and artist A. 
Berrio in 2003 (see Fig. 2). The animals were also selected 
bearing in mind that their characteristics were relatively 
unknown to the local people (see Table 1). The animals 
were a native bee (Apis mellifera), a native water bear (tar-
digrade), a native ant (Formica spp), and a native mosquito 
(Aedes aegypti). The surveys were conducted during Feb-
ruary which is the start of the academic year. They were 
physically delivered to the participants during the activity, 
with the help of auxiliary personnel.

The activity was expected to result in a higher percentage 
of people accepting 3D printing as a teaching and learning 
tool and the use of polymers to manufacture parts. Each 
animal was complemented with basic biological informa-
tion, as well as other outstanding data, which was presented 
didactically on cards for greater understanding. The infor-
mation about each animal was brief and of interest to all 
students. These activities were selected to try to simulate the 
environment of a real museum exhibition, where participants 
observe an exhibit and read important information about it 
close by. Audiovisual tools were used to enhance the interest 
and learning of the participants.

Some samples were designed starting from scratch 
using Autodesk Maya and Inventor, or a remodeling of 
other known designs from Thingiverse (“Thingiverse—
Digital Designs for Physical Objects,” n.d.) as a base 
model, as shown in Fig. 3. In contrast, some samples were 
scanned, as shown in Fig. 4, and others were designed in 
full from museum insects. For the artwork, an EinScan-
Pro + 3D scanner with 0.05 mm of single-shot accuracy 
was used. The CAD models obtained from each method 
(scanning or design) were prepared using an Ultimaker 
CURA  slicer to create a g-code file. A cloned-modified 
Prusa with a 0.4-mm nozzle, glass bed, and direct drive 
extrusion was used to print the models with PLA (polylac-
tic acid) and TPU (thermoplastic polyurethane) (one print 
for each animal and material). Printing parameters and 
material properties are presented in Tables 2 and 3 respec-
tively. With the parameters defined for PLA, the water 
bear required a smaller amount of material (total weight 

including support material) and time to print (without 
taking into account post-processing time) than the other 
pieces, weighing 25 g and taking 2 h and 50 min. The mos-
quito weighed 30 g and took 3 h and 32 min to print, while 
the ant was 46 g and took 5 h and 15 min. Finally, the bee 
weighted 112 g and took 14 h and 18 min to print. As for 
the TPU, the weight remained almost the same due to its 
similar density, while the printing times were doubled, as 
shown in Table 2.

In order to make the information more complete, scanning 
electron microscope (SEM) and optical microscopy images 
were included of real samples obtained from the museum 
and local research groups, all of which were local species. 
The SEM was a JEOL JSM 6700R used in high vacuum 
mode. Animals analyzed with microscopy were obtained as 
follows: the local bee from a collection in the university 
museum, the Formica spp ant, and water bear from the Biol-
ogy Institute of the University of Antioquia, the mosquito 
from the PECET department for the study and control of 
tropical illness at the University of Antioquia. Each model 
was evaluated by biologists from the university museum to 
ensure there were no errors, and they were exactly like the 
real animals. The information about each animal was based 
on scientific data.

The surveys were carried out in a local high school, and 
other experiments were conducted with first year undergrad-
uate students from the university. Models were shown to 
participants so they could play with them, touch them, and 
guess the type of materials and manufacturing process by 
filling out a survey. Thereafter, information cards, artwork, 
and a video of the full manufacturing process were presented 
to explain the project information. At the end, there was time 
for questions and discussion. The questions were answered 
by a teacher who was a specialist in the topic so that they 
could be evaluated accurately. After each model had been 
made, follow-up work was done to correct any errors in the 
print. The information was presented in an attractive way to 
aid understanding.

In addition, the costs for the production of the 3D printed 
models were estimated. The following data and specific con-
siderations were taken into account for the calculation:

Fig. 2  Artwork of insects from 
Museo Universitario-UdeA 
(museum of the University of 
Antioquia) made of balsa wood 
by artist A. Berrio, 2003: a) sev-
eral insects fabricated in balsa 
wood from the museum; b) ant 
made in balsa wood object of 
the present study
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1 The 3D printer was already purchased.
2 No operator balance was taken into account.
3 The rent of the site was not taken into account.
4 The base energy consumption was 0.12 kW (Walls et al., 

2014; Wittbrodt et al., 2013) with a cost of US$0.175/
kWh (COP $620/kWh according to EPM).

5 The average PLA price was US$20/kg and TPU was 
US$25/kg.

6 The percentages of profit, contingencies, and mainte-
nance were 20%, 20%, and 12% respectively.

The reason for defining these considerations was to obtain 
a final price that is more comparable with different situa-
tions, i.e., regardless of characteristics specific to a certain 
place such as salaries, logistics, equipment, and other vari-
ables. The calculated price will depend only on values where 
the variation between different situations is low (material 
cost, production times, and energy consumption).

Results

Each model was printed in various sizes and materials to find 
the most appropriate, resistant, and didactic size and mate-
rial for teaching and student learning. The design obtained 
for each animal, including a preview of the slicing and scale 
of the final model, is presented in Fig. 3. Each row represents 
an animal, starting with the bee in Fig. 3a, then the mosquito 
in Fig. 3b, the ant in Fig. 3c, and finally the water bear in 
Fig. 3d. The design of the bee requires the wing and claws 
to be printed separately in order to give it a better finish and 
minimize material waste. A similar procedure was followed 
for the other animals. The mosquito consists of 3 printed 
parts: legs, wings, and body. It was particularly difficult to 
print the legs. The ant body was divided into two longitudi-
nal parts. The legs and antennas were the most challenging 
pieces. The water bear shown in the figure was printed in 2 
parts, as shown in the slicer preview.

Figure 4 shows the 3D scanning process for one of the art 
pieces, its slicing, and the 3D-printed model. An exact copy 
was created following the same method. Details of the sur-
face, geometry, and scale of the original piece were copied. 
The model obtained was printed with PLA to ensure that 
it was as rigid as the original piece of wood and therefore 
closely represented the original object.

Figure 5 a and b present images obtained using SEM to 
validate the design of the bee and the ant, respectively. For 
the bee, details of the head, connection between the head 
and the antenna, and the wing are shown. In the case of the 
ant, the complete body, the antenna, and the leg are shown. 
Figure 5 c and d present images of the mosquito and the 
water bear produced using OM. These images confirm that Ta
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Fig. 3  Stages of additive 
manufacturing process from the 
design and slicing process to the 
printed object. Remodeled from 
(“Thingiverse—Digital Designs 
for Physical Objects,” n.d.): 3D 
models for the a) honey bee 
Apis mellifera: b) mosquito 
Aedes aegypti; c) ant formica 
spp; d) water bear Tardigrade

Fig. 4  Stages in the additive manufacturing process, from the scanning of artwork to producing a printed object used for educational purposes: 
a) Art piece; b) 3D scan; c) Slicing process; d) Printed part
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the design details are correct and also establish limits to the 
manufacturing process.

The models obtained by 3D printing using PLA and TPU 
are shown in Fig. 6. All the figures show PLA rigid models 
have a good surface finish. They underwent some minor pol-
ishing post-processing such as plastic burr trimming, which 
can be used for the teaching and learning of artistic activi-
ties like painting the piece or any surface improvement in 
general. In the case of the TPU models, which are quite 
flexible, the white color does not allow many details to be 
seen. However, in addition to being convenient to handle 
and move around without damaging the piece, the color is 
an invitation for painting. This gives people the chance for 
real active interaction and a full experience, rather than just 
having a passive view of the piece in the museum. Even 
though some models were built by joining 3D-printed parts 
(wings, legs, antennas), it is almost impossible to see the 
joining interfaces. In fact, having modular parts can be a 
good strategy for people to build their own animal, which is 
another learning process.

Figure 7 shows screenshots of the video that describes 
the manufacturing process of the bee model. At t = 0 min, 
the title of the activity is shown to reveal the manufacturing 
method; at t = 0.8 min, the beginning of the design is shown 
in Autodesk Maya where real images function as a guide 
and show a simple shape being molded as the thorax of the 
animal. At t = 2.30 min, the quality of the model mesh is 
shown for quality purposes, and finally, at t = 7.03 min, the 
final design of the insect body is shown.

Figure 8 shows the information for each animal presented 
on four information cards made with Adobe Illustrator, one 
per animal, which summarize the following information: dis-
tribution, size, feeding, and other characteristics of the piece. 
In addition, each animal has special characteristics that are 
presented in the facts section, which has been identified as 
the most interesting section by the participants of the learn-
ing activities from Fig. 9.

Teaching‑Learning Activities

The development of the activity is shown in Fig. 9. The first 
row presents the study carried out in a Primary School, while 
the second row shows the activity with first-year undergrad-
uate students in the university. In all cases, the activity was 
the same, and all the participants actively interacted with the 
manufactured pieces and answered surveys. The activities 
include playing and examining the printed objects; watch-
ing a video presentation explaining the design, and slicing 
and printing processes; asking questions; and completing 
surveys, among others.

The surveys carried out in this project are shown in 
Figs. 10 and 11. Figure 10 a shows the results confirming 
the acceptance of 3D printing as the most motivating method 
for learning, with 88% votes by the first year undergraduate 
students, and very consistent votes for the younger ages: 
77% for students between 13 and 17 years old, and 81% for 
children between 6 and 12 years old. As shown in Fig. 10b, 
the technical card and the 3D object were both perceived as 
good methods for learning. The poorest perception of learn-
ing was clearly obtained for observation of the artwork, as 
expected. Figure 10 c shows that the activity was perceived 
well, and it was in fact the first experience most students had 
of research, active learning, advance manufacturing, and, in 
the case of the children, university.

Some more technical questions were included in the 
surveys summarized in Fig. 11. Since the younger age 
groups have very limited knowledge regarding manufac-
turing, materials, and arts, these questions were only asked 

Table 2  Printing parameters for both materials

Parameter Value (type)

Material PLA TPU

Layer height 0.16 mm 0.2 mm
Infill 15% (gyroid) 15% (gyroid)
Speed 40 mm/s 20 mm/s
Support Yes (tree support) Yes (tree support)

Table 3  Typical material properties for both the art and pieces made by 3DP

Material Part manu-
facturing 
Process

Elastic modulus (GPa) Tensile strength (MPa) Density
(g/cm3)

BALSA wood Art, sculpture 9 (Borrega & Gibson, 2015) 43 MPa

(Compresive strength) 
(Borrega & Gibson, 
2015)

(

60 − 380
kg

m3

)

(Borrega & Gibson, 2015)

PLA 3D printing 3 (Cong, 2007) 50–70 (Cong, 2007) 1.24 (“PLA density—what is the density of 
PLA filament/plastic? | All3DP,” n.d.)

TPU 3D printing 0.483 − 5.5 (“Overview of materials for 
thermoplastic polyurethane, elastomer, 
glass filled,” n.d.)

40 (“TPU 1.75-mm 
3D printer filament,” 
n.d.)

1.21(“TPU 1.75-mm 3D printer filament,” 
n.d.)
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to the first year undergraduate students. In fact, Fig. 11a 
shows a general lack of knowledge in classrooms about 
manufacturing by 3D printing, as only 55% of respond-
ents answered the question about the manufacturing pro-
cess correctly. This is an indicator that information about 
this emerging technology has not been fully incorporated 
into education before and at the beginning of university. 
Figure 11 b shows a more positive result, with 83% of 
the respondents correctly answering the question about 
using polymers as building materials. It is worth noting 
that some people mentioned ceramics, metal castings, and 
even wax as possible building materials, which are very far 
from the real materials used in this project.

Costs

Table 4 presents the estimated costs for the 3D-printed models. 
The water bear model has the lowest cost at $5 for the PLA and 
$8 for the TPU materials. This is associated with its smaller 
size, geometry, and printing simplicity, which thereby avoids 
the need to use supporting material when compared with the 
other models. The honeybee costs $10 for PLA and $16 for 
TPU and the mosquito costs $9 for PLA and $13 for TPU. 
The ant model had very similar prices, with $8 for PLA and 
$13 for TPU materials. The variations in price are mainly due 
to the complexity of the parts, and also the way the models 
were separated into parts to make the printing process feasible. 
The honeybee model had its legs already attached to the body 

Fig. 5  Examples of microscopy 
characterization of the animal 
selected in this research. a SEM 
images for the bee. b SEM 
images for the Formica spp 
wood ant. c OM image for the 
Aedes aegypti mosquito. d OM 
for the tardigrade captured in 
the University of Antioquia
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unlike the ant and the mosquito, which reduced the amount of 
material used and printing time.

Discussion

From a materials and manufacturing point of view, there 
were many challenges when building the pieces, from the 
surface finish, printing direction, material parameters, and 

machine resolution, to the design of acceptable animals 
from the original artwork given by the museum. The stiff-
ness, weight, and strength of the printed animals mean 
there are many processing parameters that can be changed 
in order to adapt the pieces for different teaching activities. 
Such parameters include variation in the filling, remov-
able parts, material properties, and more. Examples of 
the many possibilities for learning are the fact that one 
piece was rigid simulating wood, and the other was totally 

Fig. 6  Printed animals show-
ing the materials used in this 
research: a PLA and b TPU
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flexible to allow more maneuverability for people interact-
ing with pieces.

The results presented in this project can have a significant 
impact in countries where the educational system mostly 
works with traditional teaching methodologies. Areas such 
as product design, which are needed in many sectors, moti-
vate people in career selection and entrepreneurship and 
stimulate creativity in children. Additive manufacturing has 
shown to be one of the best tools to captivate students and 
encourage people to be creative, and thus, it complements 
the field of education well (Thompson et al., 2016). In most 
museums worldwide, the interaction of visitors with art-
work or exhibits is quite limited, and this project has shown 
that different ages prefer a combination of information and 
activities. Students with spatial and physical disabilities 
may be particularly benefited by the implementation of this 
project in museums. It is well known that similar strate-
gies involving active learning in museums have had very 
positive results (Boys et al., 2019). Countries can use this 
as an initiative to increase people’s motivation to apply for 
STEAM (science-technology-engineering-arts-mathematics) 
careers, a critical issue which means many countries face 
a shortage of engineers (Blau, 2011). Strategies that have 
been reported include using AM to motivate and encourage 
positive participation in high school students by having them 
make objects that interest them (Akundi, Tseng, & Saavedra, 

2015), successful AM training for teachers (Schelly et al., 
2015), and multidisciplinary creativity based courses using 
AM (Stern et al., 2019), among many others. Education in 
museums worldwide is also undergoing a revolution, as they 
attempt to create virtual environments, use art therapy for 
complicated health problems (Peacock, 2012), and encour-
age creativity (Neumüller et al., 2014). All these aspects can 
be demonstrated in the current project. To create models 
similar to the real animals, work must be coordinated among 
all fields of knowledge, using both engineers and biologists.

On the other hand, teaching biology and other natu-
ral sciences using AM has been investigated before and 
drawn very positive conclusions regarding student learning 
(Capel, Rimington, Lewis, & Christie, 2018; Mcmenamin 
et al., 2014). From a fauna and environmental perspec-
tive, participants’ perception of the animals investigated 
in this project was very different before and after the active 
experience presented here, which was due to their lack of 
knowledge before the study. This research therefore has 
a significant impact on how people see the extinction of 
animals and flora. The bee (Apis mellifera) has an impor-
tant role in pollination and the ecosystem, as presented 
in Table 1, which directly affects humans. Ants represent 
teamwork and also play an important role in the ecosys-
tem. The water bear is the world’s most resistant animal 
and is not as well known even today. Perhaps it is for this 

Fig. 7  Snap shots of a video of the complete manufacturing process 
presented in the museum, the elementary school and the university: 
a) Title slide in the original language (talk with 3D printing: didactic 

with animals) at t=0 min; b) detail at t=0.8 min; c) detail at t=2.30 
min; d) detail at t=7.03 min
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reason and its unfamiliar shape that it is the animal stu-
dents were most drawn to. The animals mentioned here 
play an important role in human life, and the education 
provided is important to preserve these species and others. 
Moreover, from a public health point of view, health edu-
cation in dengue (Madeira, Macharelli, Pedras, & Delfino, 
2002), malaria (Ghosh, Patil, Tiwari, & Dash, 2006), and 
other diseases prevalent in the community is an essential 
strategy for prevention. Therefore, the use of AM models 
in remote areas can greatly support community education.

The surveys have shown there is a lack of knowledge in 
topics related to engineering. This research also shows that 
3D printing is a complementary technique that can be used 
to improve teaching in all areas. There have been differ-
ent studies that present positive survey results regarding 3D 
printing, such as a program that stimulated student interest 
in pursuing careers in science, design, and engineering (Ford 
& Minshall, 2019).

An observation made during this project was that printed 
animal models are on a larger scale than their actual size. 

Fig. 8  Technical information 
cards showing data about the 
animals selected in this study
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This attracted the attention of students and demonstrates an 
increase in their curiosity and a greater interest in acquiring 
new knowledge. They were motivated by seeing an origi-
nally very tiny animal made on a scale observable to the 
naked eye. Certainly, this can be further used as a teaching 
and learning strategy for motivating students not only in the 
museum but also in their classrooms.

Finally, during this investigation, several difficulties arose 
in the different stages of the process. Some of these issues 
interfered with the study more than others, and if they had 
not been corrected, it would not have been possible to obtain 
the same results. It was found that using normal supports 
greatly interfered with the piece. This made post-process-
ing noticeably difficult since there were very thin parts that 
could come off along with the support. Furthermore, the use 
of high-speed printing was only possible where there was a 
large cross-sectional area such as the torso of the animals. 
In the remaining parts, only low speeds were possible. The 
post-processing of models has limitations due to the geom-
etry and nature of the material. The surface finish with sand 
paper was easier for PLA than for TPU, although in both 
materials, some parts of the animals were difficult to pro-
cess mostly due to their complex geometry or small cross 
sections.

Conclusions

• This research has shown that 3D printing of pieces 
related to science, heritage, and culture is a good strat-
egy not only for preserving artwork but also for teaching 
science and engineering.

• 3D scanning proved to be an excellent way to preserve 
heritage by creating identical copies of a museum piece 
so that people can interact with the model without dam-
aging the original piece of art.

Fig. 9  Images of the activ-
ity being carried out with a–c 
elementary school students, 
and d–f first year engineering 
students

Fig. 10  Surveys by 3 different age groups involved in the learning 
activities: a) which piece was more motivating?; b) from which piece 
did you learn more?; c) what did you think about the activity?
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• Creating models in 3D is a huge support to the museum 
as it protects the original pieces and at the same time 
creates an interactive relationship between the exhibits 
and the visitors.

• In terms of education, this research has shown that a 
combination of 3D-printed models and (animal) model 
information works best to complement the learning pro-
cesses. A total of 95.1% of the respondents preferred 
one of these options. In addition, the same percentage of 
people accepted the use of 3D printing in these areas as 
a didactic methodology.

• PLA material is not only economical as shown in the cost 
analysis but also recyclable and easy to print. Therefore, 
the process is sustainable and educational, which meets 
the original objectives of the project.

• TPU is a good alternative when the end use requires con-
stant handling and risks possible bumps that can damage 
the model, but it is more expensive and difficult to print 
than PLA. Having analyzed the costs, its use in certain 
applications can be justified and recommended.

• 3D models are a useful tool for pedagogy since they can 
be printed on a large scale. Therefore, in the case of small 
or microscopic animals, it is possible to employ more 
didactic knowledge appropriation methodologies to teach 
the students.

• 3D model printing helps to avoid harm to animals 
because studies can be done on synthetic models.
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