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Abstract  

3D printing is a solid part of the health care environment, and in the future, it could assume a more inno-
vative role in the work carried out by practical nurses. However, the educational context may not support 
the preparedness to face and adapt new and creative technologies on the part of practical nursing stu-
dents. This study aimed to describe practical nursing students’ technological acceptance towards 3D print-
ing before and after six hours of 3D printing instruction. The technological acceptance model was used as 
a framework of the study. The data was collected using focus group interviews that 14 practical nursing 
students participated in before and after their six-hour 3D teaching course. Along with the thematic anal-
ysis, the interview themes were created in accordance with the theoretical elements concerned.  

The results showed four narrative themes that described how a six-hour lesson series changed the stu-
dents’ technological acceptance towards 3D printing, from: 1) professional meaningless to everyday use-
fulness, 2) resource dominance to a part of working life, 3) special competence to ease of use, and 4) 
assumptions to limitless possibilities. Every theme consisted of two subthemes. Despite having been a 
new thing for students, 3D printing could be conceived in terms of having professional significance. The 
students described 3D printing as being easy to adapt to and they highlighted the meaning of its educa-
tional usage, as it could prepare them to be better with respect to applying creative working life-based 
technological solutions.  

As a conclusion, it can be stated that even short educational sessions can promote practical nursing stu-
dents’ technological acceptance towards 3D technology and the know-how to implement it in working 
life. This requires educational institutions to target resources to 3D printing and on teacher education. 

Keywords: three-dimensional printing, health education, technological innovations, vocational education, 
practical nursing
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Introduction 

In the future, educators should target their teach-
ing so that students know more about digital tech-
nologies as part of their education [1]. This means 
that students should use and know the basics about 
various digital technological solutions when the 
context of the education concerned is based on cre-
ative thinking [2-4]. Health care education is a large 
entity that is facing this challenge [5]. 

Three-dimensional (3D) printing is a promising 
technological tool in education, because of its huge 
potential to utilise various material [6]. 3D printing 
has supported students’ teaching and learning a lot 
in engineering, for example [6-8]. The medical 
meaning of 3D printing is huge in health care with 
regard to medicines utilising 3D printing in various 
operations; for example, with 3D printed dental ob-
jects for human applications [9-10]. Along with such 
medical utilisation, ethical considerations round 3D 
printing have also arisen, highlighting the im-
portance of valid knowledge concerning the 3D 
printing process [11]. In addition to the clinical 
meaning, medical education is utilising 3D printing 
with promising learning outcomes [12]. Aside from 
the medical aspect, the research from the rest of 
the health care context is quite incidental [13], with 
some supporting results [14,15].  

In order that health care teachers are able to un-
derstand the diversity of 3D printing, they first need 
to understand the pedagogical potential of the 3D 
printing; e.g.that 3D printing can be a part of the 
learning environment [9], it can be used to create 
low-cost teaching tools [8], or it can be used to sup-
port students’ technological acceptance [14]. With 
using 3D printing, teachers can aim to develop stu-
dents’ computational thinking [16,17], which will 
be a critical element of creativeness and innovative-
ness in the future [17]. Secondly, teachers through-
out the health care sector need more research into 

3D printing and how to apply it in teaching [18]. The 
perspective of technological acceptance is one 
promising aspect to approach this new kind of tech-
nological tool, whilst simultaneously it has been val-
idated in various educational contexts [19].  

This research is connected with 3D printing as a 
new technology in the health care education re-
spective to vocational instruction, where the need 
for research-based knowledge has been under-
rated [20,21]. For this reason, the qualitative study 
concerned aimed to describe practical nursing stu-
dents’ technological acceptance towards 3D print-
ing. To identify technological acceptance with 
depth, this research implemented focus group in-
terviews before and after a short course in 3D print-
ing. Two research questions guided this study: 

1. How do practical nursing students describe 
their technological acceptance towards 3D 
printing before having lessons on 3D printing? 

2. How do practical nursing students describe 
their technological acceptance towards 3D 
printing after having lessons on 3D printing?  

Three-dimensional printing 

Three-dimensional (3D) printing means a form of 
technology that can produce concrete objects by 
adding material layer by layer in accordance with a 
sliced digital model of this object [22,23]. 3D print-
ing is also referred to as additive manufacturing 
(AM) when any industrial use of it is discussed [8]. 
3D printing can apply several different kinds of ma-
terials; for example, plastic, metal, or even biocom-
patible material [24-26]. The process starts with a 
digital 3D model of the object, which can be created 
with several modelling programs or with 3D scan-
ning [23,27]. After the digital 3D model has been 
sliced with a certain program, the concrete 3D 
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printing can be made with a suitable 3D printer 
[27]. 

Technological acceptance model 

The Technological Acceptance Model (TAM) guided 
this research as a theoretical framework. It was 
originally created by Davis [28] and highlights two 
elements that are essential when new technology is 
adapted: perceived usefulness and perceived ease 
of use. Perceived usefulness means the level of the 
person’s feeling of how useful a new technological 
solution can be in his/her work. Perceived ease of 
use means how much less effort a person thinks 
that they should use when adapting a new technol-
ogy. The extended version from the original theory 
(TAM2) includes more psychological dimensions 
with the following scales: the social influence pro-
cess (image, voluntariness, and subjective norm) 
and the cognitive instrumental process (job rele-
vance, perceived ease of use, result demonstrabil-
ity, and output quality) [29]. Both versions of the 
theory can be thought to provide a guideline for or-
ganisations with regard to which elements should 
be considered with new technological solutions. In 
this study, the following categories guide the inter-
views and data analysis: intention to use, perceived 
usefulness, perceived ease of application, image, 
and job relevance [28,29]. 

TAM is validated in several varying educational con-
texts [19]. It has been a suitable theoretical frame-
work for students [30] and teachers [31], though it 
has not been used in health care education on the 
vocational level. According to various technological 
solutions, TAM has been guiding the students’ 
adaption of 360° videos [32] and new eHealth ser-
vices in emergency care integration, for example 
[33]. 3D printing technology has also been re-
searched with TAM in, for example, home contexts 
[34]. TAM has been used as a theoretical 

framework in medical education and in occupa-
tional therapy education [14,35]. 

Material and method 

This qualitative study design was implemented with 
following phases:  

(1) Practical nursing students participated in the 
first focus group interviews concerning techno-
logical acceptance towards 3D printing. 

(2) Practical nursing students had six hours of 
lecture-based and hands-on practice concerning 
3D printing. 

(3) Practical nursing students participated in the 
second focus group interviews regarding tech-
nological acceptance towards 3D printing. 

The lessons in this study lasted six hours in total and 
were held over the course of two days. The teach-
ing methods used were the lecturing format and 
hands-on practice. The intensive instruction was 
implemented with the following lesson plan: 

(1) Introducing what 3D printing means and how 
3D printing is utilised in a health care context 
(duration: one hour). 

(2) Introducing the entire process of 3D printing 
from 3D modelling to showing a 3D printer in ac-
tion (duration: one hour). 

(3) Students practiced 3D modelling with com-
puters based on their own ideas. Students 
worked together, and the teacher only helped 
with technical issues (duration: two hours). 

(4) Students visited a venue where they saw dif-
ferent kinds of 3D printers used for additive 
manufacturing (duration two hours). During the 
visit, students were shown 3D-printed hospital 
instruments and dental implants, for instance. 
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Participants 

Participants of this study were final year practical 
nursing students (n=14) on the level of vocational 
education. The sample consisted of those practical 
nursing students who were voluntary and at a cer-
tain phase in their studies. According to the Euro-
pean Qualification Framework (EQF), their educa-
tional level is four, and after graduating they are 
qualified as licensed practical nurses. As a whole, 
they must achieve 180 competence points (one 
point is a minimum of 12 hours of students’ work), 
which includes professional studies; for example, 
nursing (145 competence points out of 180 compe-
tence points) and general studies – for example, 
mathematics (35 competence points out of 180 
competence points) [36-39]. 

The participants of this study had completed two 
compulsory study units; Promotion of growth and 
social inclusion (25 competence points out of the 
total of 180 competence points) and Promotion of 
wellbeing and functional capacity (30 competence 
points out of the total of 180 competence points). 
After these units, they had been selected for the 
competence area of children's and youth education 
and care on the basis of the following possibilities: 
(1) the competence area of podiatric care, (2) com-
petence area of children's and youth education and 
care, (3) competence area of mental health and 
substance abuse welfare work, (4) competence 
area of nursing and care, (5) competence area of 
oral health care, (6) competence area of care for 
the disabled, and (7) competence area of basic life 
support (BLS) together with the competence area 
of care and rehabilitation for elderly people. Practi-
cal nursing studies in total usually last about three 
years [36-39]. 

They all had had three practical periods in working 
life: one period in care work among the elderly and 
two periods among children [36]. The study was 

implemented with the students from the compe-
tence area of children and youth education and 
care [36], due to the number of assumed opportu-
nities to use 3D printing in working with children 
(e.g. low-cost activating tools) [8]. 

Data collection 

All data were collected between 10/2022 - 11/2022 
with focus group interviews. Before data collection, 
ethical permission was granted by the university’s 
Ethics Committee for Human Sciences (31/2022). 
Data were collected in a mid-sized social and health 
care vocational institute in Finland.  

Every practical nursing student (n=14) received the 
information about the research two weeks before 
the interviews and signed the informed consent. 
Focus group interviews were conducted one week 
before the intensive lessons and one week after the 
intensive lessons. 3D printing can be quite an un-
known subject, and with focus group interviews it 
can be easier to have authentic answers from the 
participants who are with their student colleagues. 
With focus group interviews, the researcher is in a 
position to also guide the interviews via a structure, 
though the purpose was to have as many multiple 
perspectives as possible. No one was absent during 
the study, and the same practical nursing students 
participated in both the pre- (n=14) and post-inter-
views (n=14). The practical nursing students were 
all from the same study group and were able to de-
termine their own focus group for interviews. All in-
terviews were held face-to-face and were recorded. 
There were three focus groups before and after the 
course and three to five practical nursing students 
in each group. The two researchers from the re-
search group conducted the interviews. The other 
interviewer was also the teacher of the students at 
some point of their studies. The research group 
continuously reflected possible bias in data collec-
tion [40-42]. 
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The theoretical framework (TAM) guided the focus 
group interviews. The questions for the pre- and 
post-interviews concerned the following catego-
ries: intention to use, perceived usefulness, per-
ceived ease of use, image, and job relevance. All 
questions related to these categories were asked in 
the same form in the pre- and in post-interviews. In 
pre-interviews, the baseline of the technological ac-
ceptance towards 3D printing was established by 
means of three questions: (1) “Have you ever used 
3D printing?”, (2) “What do you know about 3D 
printing”, and (3) “Has 3D printing ever been used 
in your education somehow?” In post-interviews, 
the experiences about the intensive lessons were 
also asked, in addition to the questions related to 
technological acceptance. These questions were: 
(1) “How was the experience about 3D printing les-
sons?” and (2) “Did your thoughts about 3D printing 
change after the lesson, and if so, how?” [28-29]. 

Data analysis  

The aim of the analysis was to provide a narrative 
description with regard to the practical nursing stu-
dents’ technological acceptance towards 3D print-
ing [43-44]. The flexible elements of the thematic 
analysis made it possible to have narrative ele-
ments in the analysis process, though the actual 
data analysis was made with a thematic analysis 
[44]. The unit of analysis was an expression that de-
scribed the content of the theory and following 
words: “intention to use”, “perceived usefulness”, 
“perceived ease of use”, “image”, and “job rele-
vance” [43-44]. The narrative element meant that 
both interviews were analysed with the thematic 
analysis by one interviewer. Thematic analysis pro-
cess can be divided into the following stages:  

(1) After being transcribed, the data was read 
through several times to establish familiarity. 

The data from pre-interviews was read first, fol-
lowed by the data from post-interviews to have 
a complete view regarding the narrative dimen-
sions. 

(2) The initial codes were created with the guid-
ance of the TAM. The initial codes were created 
from both pre- and post-interviews. 

(3) Themes were searched in accordance with 
the initial codes. 

(4) The thematic map was created in accordance 
with the themes to find out how the themes´ re-
lationships apply to the data as a whole. In this 
phase, the relationships of the analysed data of 
the pre- and post-interviews were checked and 
the narrative element specified.  

(5) All themes were determined. 

(6) The data analysis was reported. 

All recorded material was transcribed (three pages 
in pre-interview and five pages in post-interview 
with font 12 and line spacing 1.5). The total dura-
tion of the recorded material is 25 minutes. The in-
itial codes followed the principles and methods of 
the TAM: intention to use, perceived usefulness, 
perceived ease of use, image, and job relevance 
(Table 1). The number of initial codes reflected the 
saturation of the data [44]. The content of the same 
category from TAM could have had elements in sev-
eral initial codes, and one category could have af-
fected more than just one theme. The themes fol-
lowed the initial codes and represented similarities 
from the data. In this phase, the subthemes were 
also created, and the relations to the main themes 
were analysed. The thematic map outlined the data 
to be suitable for the categories from TAM [28-29, 
44].
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Table 1. Example of data analysis. 

Example from text Category/categories 
from the theory 

Initial code Subtheme Main theme 

“...when they (work-
ing life) know that 
you can do some-
thing unique (3D 
print), it can affect 
your value.” 

Job relevance, inten-
tion to use, and image 

3D printing and 
your professional-
ism in the future 

“Possibility to 
become mun-
dane” 

“From resource 
dominance to one 
part of working 
life” 

 

Results 

The practical nursing students had not used 3D 
printing before this study. They did not know 
whether 3D printing has been used in their educa-
tion to support teaching and learning. This means 
that the practical nursing students had not been in-
formed whether a teacher had used 3D printing 
with 3D print teaching tools, for example. The 
knowledge of the students about 3D printing tech-
nology was based on social media, news, or the vis-
ual experience of a concrete 3D printer. Practical 
nursing students described their knowledge based 
on assumptions they had about 3D printing tech-
nology.  

The practical nurses’ technological acceptance to-
wards 3D printing technology consisted of four nar-
rative themes: “From professional meaningless to 
everyday usefulness”, “From resource dominance to 
one part of working life”, “From special competence 
to ease of use” and “From assumptions to limitless 
possibilities”. Every theme had two subthemes. All 
results can be seen in Table 2. 

From professional meaningless to everyday useful-
ness 

The theme “From professional meaningless to eve-
ryday usefulness” included the following sub-
themes: “Tool to create activating goods” and “Tool 
to create an individual ancillary.” Before the 3D 

printing lessons, the practical nursing students 
could not imagine any kind of professional use of 
3D printing technology. They noticed that their idea 
of 3D printing was so narrow that they thought 3D 
printers were merely toys and unsuitable for pro-
fessional use in health care. They associated 3D 
printing with a technology that could only be a bur-
den in their working days among children. After the 
3D printing lessons, the practical nursing students 
described that they could imagine printing various 
toys or something unique to activate the children, 
for example. They perceived that even small 3D 
printed objects could enrich the children’s play at 
the day care centre. One significant insight that the 
practical nursing students had was the realisation 
that the 3D printed objects did not have to be per-
fectly shaped or the best of quality in order to suf-
fice. In their interviews, the students described 3D 
printing as an ideal fit for a theme week at the day-
care centre, where one could easily design and 
print various objects together with the children. 
The students also described 3D printing method to 
be an activating element and that it could be used 
to help children with a range of disabilities or 
needs. Medical equipment or aids cannot, as the 
students stated, be produced with this method but 
rather objects for everyday activities, such as tools 
for eating or objects to help children concentrate.  
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From resource dominance to one part of working 
life 

The theme “From resource dominance to a one part 
of working life” included the following subthemes: 
“Possibility to become mundane” and “Need for 
special effort.” Before 3D printing lessons, the prac-
tical nursing students imagined that 3D printing is 
out of reach because it is too expensive a technol-
ogy in their profession. They also noticed that 3D 
printers and modelling programs may need a lot of 
space and special computers. The practical nursing 
students highlighted their fear of one whole room 
alone being reserved for this particular type of 
“new things.” In addition to costs, the practical 
nursing students described 3D printing as taking 
too much time to be adapted in working life, as it 
would not be cost-effective to use. After the 3D 
printing lessons, however, the practical nursing stu-
dents perceived 3D printing as a normal part of 
their tools when working with children. They noted 
that 3D printers can really be part of the working 
context without any extra things to be worried 
about, because it can act as an opportunity rather 
than a compulsory item to use. The practical nurs-
ing students thought that even though it is possible 
to utilise 3D printing, it requires special knowledge 
and time, because it can take several hours to print, 
depending on the object. The students also said 
that they did not feel ready to utilise the 3D printing 
at the moment and that they would need time and 
resources to learn it properly.  

From special competence to ease of use 

The theme “From special competence to ease of 
use” included the following subthemes: “Possible 
future competence of a practical nurse” and “Easy 
to adapt.” Before the lessons, the practical nursing 
students stated that 3D printing would need a spe-
cialist or person who only takes care of the 3D 
printer and utilises it. They regarded 3D printing as 

requiring engineer-type thinking and that it could 
not be part of the competence of a practical nurse. 
After the 3D printing lessons, the practical nurses 
said that the whole process of 3D printing is quite 
easy to understand and adapt to. According to the 
practical nursing students, the 3D modelling was 
particularly easy. 3D modelling was also described 
as a source of creativeness and innovativeness, be-
cause of its many tools and possibilities. Because of 
its ease, the practical nursing students believed 
that they could include 3D printing as part of their 
future competence area. The main message was 
that although 3D printing could be part of a practi-
cal nurse’s competence, it should not take extra 
time away from care of the children. The practical 
nurses also highlighted the fact that, having made 
it easier to start using it, 3D printing should be part 
of their education. By this they meant that the 3D 
printing process should be part of the students’ ac-
tivation while studying – not only a tool for the 
teachers. 

From assumptions to limitless possibilities 

The theme “From assumptions to limitless possibili-
ties” included the following subthemes: “Multiple 
possibilities to use and experience” and “Need of 
fantasy for future.” Before the 3D printing lessons, 
the practical nursing students had assumptions 
about 3D printing that were connected with paper 
printing or picture printing. According to the stu-
dents, the objects would have to be small as far as 
object printing is concerned. After the 3D printing 
lessons, they noted that the total number of possi-
bilities was beyond understanding. They discussed 
about how human organ printing may be part of 
their future patient or childcare and that 3D print-
ing may enhance the wellbeing of humans by print-
ing cells, for example. The practical nursing stu-
dents also described having to prepare for the fact 
that some of their patients or clients could have an 
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organ that is 3D printed. They said that in this kind 
of situation the health care professionals must have 
an understanding about the technological pro-
cesses as well as clinical or medical understanding. 

Basically, according to the practical nurses’ descrip-
tions, 3D printing is totally something else and be-
yond what they had imagined.

Table 2. Example of data synthesis. 

Theme  TAM-category Subtheme Example pre-interview Example post-inter-
view 

From professional 
meaningless to 
everyday useful-
ness 
 
 

Intention to use 
and perceived 
usefulness 

Tool to create 
activating goods 

“I don’t know, it could be 
very different from what 
we have been doing, 
though maybe everybody 
could play with the 
printer, I don’t know” 

“…for example, if we 
had theme of forests’ 
animals, we could 
print something spe-
cial for the children.” 

  Tool to create 
an individual an-
cillary 

“I really don’t have any 
idea, but maybe someone 
could have a use for it.” 

“…if it’s hard to focus 
for some child, maybe 
we could have a solu-
tion by printing some-
thing just for 
him/her.” 

From resource 
dominance to one 
part of working 
life 
 
 

Job relevance, in-
tention to use, 
and image 

Possibility to be-
come mundane 

“…I don’t know if anyone 
would have time to learn 
it…” 

“…when we have the 
knowledge about 
printing, we could use 
it. Maybe not every 
day, but sometimes.” 

  Need for special 
effort 

“…I’d guess that it would 
take time before some-
one has the courage to 
use it.” 

“…if someone says 
now print this and 
that, I couldn’t do it. 
I’d need more time to 
understand it 
properly.” 

From special com-
petence to ease of 
use 

Perceived ease of 
use and job rele-
vance 

Possible future 
competence of 
a practical nurse 

“I really don’t know about 
it (3D printing), so I can’t 
say anything.” 

“When this (printing) 
is in everyday use, 
schools should use it 
in their classes or in 
some other way.” 

  Easy to adapt “I assume, that it (3D 
printing) is very expensive 
and hard to learn.” 

“It (3D modelling) was 
easy and fun. And the 
printing itself didn’t 
seem hard.” 

From assump-
tions to limitless 
possibilities 

Image and job rel-
evance 

Multiple possi-
bilities to use 
and experience 

“I’ve heard that they print 
illegal things.” 

“This sure is creative 
when you can make 
something that’s re-
ally unique.” 

  Need of fantasy 
for future 

“My brains don’t say any-
thing” 

“….I still don’t under-
stand that you can 
print things like 
houses and parts of a 
car – unbelievable.” 
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Discussion 

The purpose of this qualitative study was to de-
scribe the technological acceptance towards 3D 
printing on the part of practical nursing students. 
The result of this study shows that after 3D printing 
lessons, the practical nursing students described 3D 
printing in a very positive way in all of the themes 
analysed. As a whole, the content of the technolog-
ical acceptance model can be seen in the results 
where the practical nursing students described 3D 
printing to be a useful (perceived usefulness and in-
tention to use) tool in their future profession (job 
relevance), with easy elements to adapt to (per-
ceived ease of use and intention to use), and that it 
could enrich their value in the work market (image). 

The narrative results of this study show that at first 
3D printing was quite unfamiliar, and the idea of us-
ing it was based on assumptions or on quite unreli-
able references such as social media content. It is 
worth noticing, however, that the baseline of the 
practical nursing students’ thoughts was not com-
pletely negative but based on ignorance. After six 
hours of lessons concerning 3D printing, the practi-
cal nursing students had an idea about how 3D 
printing could be used in their future working life 
with child care. Some of the ideas can be seen as 
rich in imagination, as they discovered the possibil-
ity of printing houses and human cells. The charac-
teristic of this result is quite contrastive to former 
studies, in which one meaningful dimension has 
been frustration towards 3D printing or 3D model-
ling technology [45-46]. 

Practical nursing students related 3D printing com-
petence as a possible competence area of a practi-
cal nurse’s profession in early childhood education. 
This may be one element in fixing the possible gap 
between elementary and vocational school in cases 
where the former has already adapted 3D printing 
to teaching and the latter has not. [47]. Practical 

nursing students highlighted that they felt the 3D 
printing process to be clear and even easy to adapt, 
but they were also realistic about the educational 
needs concerning 3D printing. It was meaningful to 
understand that 3D printing cannot take away time 
from childcare. This was important to notice, be-
cause in this study practical nursing students men-
tioned a lot of individual and multiple possibilities 
with regard to how 3D printing could be part of 
their working life. 

It was also concluded that all the descriptions about 
the possibilities of creativeness differed radically 
from each other at the beginning and end of the 
course. The creativeness and innovativeness were 
emphasised when the students were 3D modelling, 
even if they had not had the chance to 3D print the 
models. From the educational perspective, this 
could reduce the challenge to utilise 3D printers, 
because 3D modelling can also be an individual part 
of the process and could be a good experiment for 
health care education before they buy any 3D print-
ers. It is also worth acknowledging that 3D printing 
and 3D modelling have previously been connected 
to quite clinical and structured use [48], whereas 
this study presents some innovative opportunities 
for the 3D printing process that apply not only in 
producing objects but also as a part of the pedagog-
ical competence of a modern teacher [49].  

3D printing has potential in various areas [5,50] and 
educational potential is not an exception [7,51], 
though the known potential the awareness of 3D 
printing has is mainly based on the level of “we 
know it is there” [45,52,53]. Practical nursing stu-
dents in this study had not experienced 3D printing 
during their studies, which can be connected with 
health care educators’ rare utilisation of 3D printing 
in vocational education [18]. This could mean that 
3D printing does not necessarily imply a clear ped-
agogical plan in health care education except for 
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medical education, which boasts studies in promis-
ing learning outcomes in the surgical area, for ex-
ample [12].  

Technological acceptance can be seen as a one of 
the future pedagogical goals [54,55], and 3D print-
ing can be seen as one way to increase technologi-
cal acceptance [14]. This may mean that practical 
nursing students see 3D printing as a meaningful 
part of their work and are ready to adapt it in the 
future. Although this study sample is small and it fo-
cused on the secondary educational level, the re-
sults are in line with the results from Benham and 
San [14], which focused on occupational therapy. 
One meaningful thing is that in this study, techno-
logical acceptance developed after quite a small 
pedagogical effort (six hours of lessons), and possi-
ble usage with children was emphasised (to 3D 
print something together, for example). However, 
we must remember that this result may not be ap-
plicable if 3D printing technology is used in elderly 
peoples’ care [33], for instance. 

Finally, the results of this study present the mean-
ing of the students’ perspective about technological 
acceptance in vocational education, whilst some re-
search has been carried out among teachers in vo-
cational education. With research-based 
knowledge, we can support the aim of a student-
centred teaching and learning approach. Practical 
nursing students should have broader competence 
in their professional role [56], and to reach that 
goal, practical nurses must be ready for multiple 
technological solutions that represent everyday 
possibilities in their working environments. 

Limitations 

This study has limitations that need to be consid-
ered. First, the sample was collected from one insti-
tute and (n=14) is small. It does not provide a valid 
description regarding the educational system 

respective to practical nursing studies. This study 
also focused on third-year practical nursing stu-
dents and may not be comparable to the perspec-
tive of first-year students. On the other hand, this 
phase of the studies may offer a better aspect of 
working life when all students have already under-
gone practical periods in their competence area 
[36-39]. Secondly, theory strongly guided this re-
search, meaning that the dimensions may not be as 
open as possible. On the other hand, this study im-
plemented the aim of technological acceptance to-
wards 3D printing in this particular context for the 
first time [28,29]. This means that with theory the 
structure of the interviews is clearer, and the focus 
can be targeted on future working life. Finally, the 
data analysis was made from pre- and post-inter-
views. The size of the data was much larger in the 
post-interviews and this may exert pressure on the 
analysis in a certain manner. On the other hand, the 
pre-and post-interviews made it possible to analyse 
the data with the narrative dimension so that the 
description can have a developing characteristic.  

Trustworthiness 

This study focused on ensuring the relevant validity 
and reliability throughout the entire research pro-
cess. The main structure of the reliability and valid-
ity of this study was the theoretical framework. 
With a theoretical framework, this research could 
focus deeply on analysing the data as well as creat-
ing valid questions. This was meaningful while the 
sample was quite small. On the other hand, the re-
searchers need to reflect with each other con-
tinously to ensure a concordant approach to the 
data (collection and analysis) [42,57]. 

Conclusion 

As a conclusion, it can be stated that a short period 
of instruction on 3D printing can develop practical 
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nursing students’ technological acceptance in a 
more positive direction. Practical nursing students 
described the ease and professional usefulness of 
3D printing, which can help their adaptation in the 
future. For this reason, the educational organisa-
tion should integrate 3D printing as a part of the ed-
ucational plan to be able to fluently support practi-
cal nursing students’ technological acceptance. On 
the other hand, the organisations need to target 
more resources on educating teachers in under-
standing the possibilities of 3D printing. In the fu-
ture, 3D printing may be a method that is used in 
co-operation with other health care educational 
levels in order to bring about more comprehensive 

care for the patients. More research is needed re-
garding technological acceptance from the theoret-
ical aspect as well, in addition to how effectively 3D 
printing is capable of changing practical nursing stu-
dents’ technological acceptance. 

Conflict of interest statement 

The first three authors represent the vocational in-
stitute where the data was collected. Neither of 
them has any conflict of interest with regard to the 
organisation whose 3D printing was used in the 
study. 

References 

[1] Angeli C, Giannokos M. Computational thinking 
education: Issues and challenges. CHB. 2020;105: 
106185. 
https://doi.org/10.1016/j.chb.2019.106185 

[2] United Nations. Technology and innovation re-
port 2021. Catching technological waves, innova-
tion with equity. UNCTAD/TIR/2020. Geneva: 
United Nations; 2021 [cited 2023 January 7]. Avail-
able from: https://unctad.org/system/files/official-
document/tir2020_en.pdf 

[3] Redecker C, Punie Y. European Framework for 
the Digital Competence of Educators: DigCompEdu. 
Luxembourg: Publications Office of the European 
Union; 2017 [cited 2023 January 17]. Available 
from: https://publications.jrc.ec.europa.eu/reposi-
tory/handle/JRC107466 

[4] Henriksen D, Mishra P, Fisser P. Infusing creativ-
ity and technology in 21st century education: a sys-
temic view for change. Educ Technol Soc 
2016;19(3):27–37.  

[5] Lockwood C, Borges Dos Santos K, de Araujo 
Püschel VA, Khalil H. Teaching strategies for evi-
dence-based health care: filling the gap between 
traditional academic curricula and health service 
prioritization. JBI Evid Implement. 2022 Feb 
23;20(1):1-2. 
https://doi.org/10.1097/XEB.0000000000000313 

[6] Yuk H, Lu B, Lin S, Qu K, Xu J, Luo J, Zhao X. 3D 
printing of conducting polymers. Nat Commun. 
2020;11:1604. https://doi.org/10.1038/s41467-
020-15316-7  

[7] Novak E, Brannon M, Librea-Garden M, Haas A. 
A systematic review of empirical research on learn-
ing with 3D printing technology. JCAL. 
2021;37(5):1455-1478. 
https://doi.org/10.1111/jcal.12585 

[8] Pikkarainen A, Piili H. Implementing 3D printing 
education through technical pedagogy and curricu-
lum development. iJEP. 2020;10(6):95-119. 
https://doi.org/10.3991/ijep.v10i6.14859  

[9] Pikkarainen A, Salminen A, Piili H. Creating learn-
ing environment connecting engineering design 
and 3D printing. Phys Procedia. 2017;89:122-130. 
https://doi.org/10.1016/j.phpro.2017.08.020 



    
SCIENTIFIC PAPERS 

 

 

27.5.2024    FinJeHeW 2024;16(2)  224 

[9] Zhang M, Guo J, Li H, Ye J, Chen J, Liu J, Xiao M. 
Comparing the effectiveness of 3D printing technol-
ogy in the treatment of clavicular fracture between 
surgeons with different experiences. BMC Muscu-
loskelet Disord. 2022 Nov 22;23(1):1003. 
https://doi.org/10.1186/s12891-022-05972-9 

[10] Tsolakis IA, Gizani S, Panayi N, Antonopoulos G, 
Tsolakis AI. Three-Dimensional Printing Technology 
in Orthodontics for Dental Models: A Systematic 
Review. Children (Basel). 2022 Jul 23;9(8):1106. 
https://doi.org/10.3390/children9081106 

[11] Cornwall J. The ethics of 3D printing copies of 
bodies donated for medical education and re-
search: What is there to worry about? Australas 
Med J. 2016 Jan 31;9(1):8-11. 
https://doi.org/10.4066/AMJ.2015.2567 

[12] Langridge B, Momin S, Coumbe B, Woin E, Grif-
fin M, Butler P. Systematic Review of the Use of 3-
Dimensional Printing in Surgical Teaching and As-
sessment. J Surg Educ. 2018 Jan-Feb;75(1):209-221. 
https://doi.org/10.1016/j.jsurg.2017.06.033 

[13] Alhonkoski M, Salminen L. Pakarinen A, Veer-
mans M. 3D technology to support teaching and 
learning in health care education- a scoping review. 
Int J Educ Res. 2020;105:101699. 
https://doi.org/10.1016/j.ijer.2020.101699 

[14] Benham S, San S. Students technology ac-
ceptance of 3D printing in occupational therapy ed-
ucation. Am J Occup Ther. 2020;74(3):1-7. 
https://doi.org/10.5014/ajot.2020.035402 

[15] Rutty J, Biggs M, Dowsett D, Kitchener A, Colt-
man N, Rutty G. Post mortem computed tomogra-
phy: An innovative tool for teaching anatomy 
within pre-registration nursing curricula. Nurse 
Educ Today. 2019 May;76:154-164. 
https://doi.org/10.1016/j.nedt.2019.02.001 

[16] Chytas C, Tsilingiris A, Diethelm I. Exploring 
computational thinking skills in 3D printing: a data 

analysis of an online makerspace. In: 2019 IEEE 
Global Engineering Education Conference 
(EDUCON), Dubai, United Arab Emirates, 2019. p. 
1173-1179. 
https://doi.org/10.1109/EDUCON.2019.8725202 

[17] Kim W. Design of STEAM education process ap-
plying 3D printer for computational thinking. Inter-
national J of Internet, Broadcasting and Communi-
cation. 2018;10(1):23-30. 
https://doi.org/10.7236/IJIBC.2018.10.1.4 

[18] Alhonkoski M, Veermans M, Artukka K, 
Salminen L. The Perspectives of Healthcare Teach-
ers on Their Technological Pedagogical Content 
Knowledge of Three-Dimensional Technology: A 
Mixed Methods Study. Comput Inform Nurs. 2022 
Nov 1;40(11):743-753. 
https://doi.org/10.1097/CIN.0000000000000876 

[19] Granic A, Marangunic N. Technology ac-
ceptance model in educational context: a system-
atic literature review. Br J Educ Technol. 
2019;50(5):2572-2593. 
https://doi.org/10.1111/bjet.12864  

[20] Billet S, Hodge S, Aarkrog V. Enhancing the 
standings and status of vocational education. In: 
Billet S, Stalder BE, Aarkrog V, Choy S, Hodge S, Le 
AH. The standing of vocational education and the 
occupations it serves. Professional and Practice-
based Learning, vol 32. Springer; 2022. p. 19-45. 
https://doi.org/10.1007/978-3-030-96237-1_2 

[21] Ryan L, Lorinc M. Perceptions, prejudices and 
possibilities: young people narrating apprentice-
ship experiences. Br J Sociol Educ. 2018;39(6):762–
777. 
https://doi.org/10.1080/01425692.2017.1417821 

[22] Suciu A, Buruiana A, Repanovici A, Cotoros D, 
Ferrandiz S. Pedagogical methods for teaching the 
use of prototyping by 3D printers. Procedia Manuf. 



    
SCIENTIFIC PAPERS 

 

 

27.5.2024    FinJeHeW 2024;16(2)  225 

2019;32:356–359. 
https://doi.org/10.1016/j.promfg.2019.02.225 

[23] Evans B. Practical 3D printers - the science and 
art of 3D printing. Technology in action. Berkeley, 
CA: Apress; 2012. https://doi.org/10.1007/978-1-
4302-4393-9 

[24] Mishra A, Srivastava V. Biomaterials and 3D 
printing techniques used in the medical field. J Med 
Eng Technol. 2021 May;45(4):290-302. 
https://doi.org/10.1080/03091902.2021.1893845 

[25] Pérez B, Nykvist H, Brøgger AF, Larsen MB, 
Falkeborg MF. Impact of macronutrients printabil-
ity and 3D-printer parameters on 3D-food printing: 
A review. Food Chem. 2019 Jul 30;287:249-257. 
https://doi.org/10.1016/j.foodchem.2019.02.090 

[26] Schubert C, van Langeveld MC, Donoso LA. In-
novations in 3D printing: a 3D overview from optics 
to organs. Br J Ophthalmol. 2014 Feb;98(2):159-61. 
https://doi.org/10.1136/bjophthalmol-2013-
304446 

[27] Zhou Q, Jacobson A. Thingi10K: A Dataset of 
10,000 3D-Printing Models. ArXiv. 2016.  
https://doi.org/10.48550/arXiv.1605.04797 

[28] Davis F. Perceived usefulness, perceived ease 
of use and users’ acceptance of information tech-
nology. MIS Quarterly. 1989;13(3):319-338. 
https://doi.org/10.2307/249008 

[29] Venkatesh V, Davis FD. 2000. A theoretical ex-
tension of the technological acceptance model: for 
longitudinal field studies. Manag Sci. 
2000;44(2):186-204. 
https://doi.org/10.1287/mnsc.46.2.186.11926 

[30] Blagoeva KT, Mijoska M. Applying TAM to study 
online shopping adaption among youth in the re-
public of Macedonia. MIC: Managing the Global 
Economy; Proceedings of the Joint International 
Conference, Monastier di Treviso, Italy, 24–27 May 
2017. University of Primorska Press; 2017. 

[31] Wong KT, Osman R, Goh PSC, Rahmat MK. Un-
derstanding Student Teachers' Behavioural Inten-
tion to Use Technology: Technology Acceptance 
Model (TAM) Validation and Testing. Int J Instr 
2013;6(1):89-104.  

[32] Vallade JI, Kaufmann R, Frisby BN, Martin JC. 
Technology acceptance model: investigating stu-
dents’ intentions towards adoption of immersive 
360° videos for public speaking rehearsal. Commun 
Educ. 2021;70(2):127-145. 
https://doi.org/10.1080/03634523.2020.1791351 

[33] Tsiknakis M, Spanakis M. Adoption of innova-
tive eHealth services in prehospital emergency 
management: a case study. In: Proceedings of the 
10th IEEE International Conference on Information 
Technology and Applications in Biomedicine, Corfu, 
Creece, 2010. p. 1-5. 
https://doi.org/10.1109/ITAB.2010.5687752 

[34] Calli L, Calli BA. 3D printing technology: explor-
ing the adoption process from the viewpoint of 
owners and non-owners. Technol Anal Strateg 
Manag. 2020;32(11):1294–1306. 
https://doi.org/10.1080/09537325.2020.1767771 

[35] AlQudah AA, Al-Emran M, Shaalan K. Technol-
ogy Acceptance in Healthcare: A Systematic Re-
view. Appl Sci. 2021;11(22):10537. 
https://doi.org/10.3390/app112210537 

[36] Finnish national board of education. Vocational 
Qualification in Social and Health Care. OPH-5085-
2021. Finnish national board of education; 2021 
[cited 2023 January 20]. Available from: 
https://eperusteet.opintopolku.fi/#/en/am-
matillinen/7854765/tiedot 

[37] Finlex. Laki ammatillisesta koulutuksesta [Vo-
cational education and training act]. 
11.8.2017/531. Opetus- ja kulttuuriministeriö; 
2018 [cited 2023 February 17]. Available from: 



    
SCIENTIFIC PAPERS 

 

 

27.5.2024    FinJeHeW 2024;16(2)  226 

https://www.finlex.fi/fi/laki/ajantasa/2017/20170
531 

[38] National Supervisory Authority for Welfare and 
Health. Professional practice rights; 2021 [cited 
2023 February 17]. Available from 
https://www.valvira.fi/web/en/healthcare/profes-
sional_practice_rights 

[39] Ministry of Education and Culture. Valmiina va-
lintoihin II. Ammatillisesta koulutuksesta korkea-
kouluun [Ready for admissions II. From vocational 
education and training to higher education, in Finn-
ish]. Opetus- ja kulttuuriministeriön julkaisuja 
2017:25. Helsinki: Opetus- ja kulttuuriministeriö; 
2017 [cited 2023 August 30]. Available from: 
https://julkaisut.valtioneuvosto.fi/bitstream/han-
dle/10024/80299/okm25.pdf 

[40] Nyumba T, Wilson K, Derrick C, Mukherjee N. 
The use of focus group discussion methodology: In-
sights from two decades of application in conversa-
tion. Methods Ecol Evol. 2018;9(1):20-32. 
https://doi.org/10.1111/2041-210X.12860 

[41] Eaton SE. Research assistant training manual: 
Focus groups. Calgary: University of Calgary; 2017.  

[42] Olltman S. Qualitative interviews: a methodo-
logical discussion of the interviewer and respond-
ent contexts. Forum Qualitative Sozialforschung Fo-
rum: Qualitative Social Research. 2016;17(2):15. 
https://doi.org/10.17169/fqs-17.2.2551 

[43] Castleberry A, Nolen A. Thematic analysis of 
qualitative research data: Is it as easy as it sounds? 
Curr Pharm Teach Learn. 2018 Jun;10(6):807-815. 
https://doi.org/10.1016/j.cptl.2018.03.019 

[44] Braun V, Clarke V. Using thematic analysis in 
psychology. Qual Res Psychol. 2006;3(2):77-101. 
https://doi.org/10.1191/1478088706qp063oa 

[45] Anagnostopoulos S, Gallos P, Zoulias E, Fotos 
N, Mantas J. Knowledge and Perceptions of Under-
graduate and Postgraduate Nursing Students About 

the Use of 3D Digital Printing in Healthcare. Stud 
Health Technol Inform. 2021 May 27;281:753-754. 
https://doi.org/10.3233/SHTI210274 

[46] Wright C, Diener M, Wright S, Rafferty D, Taylor 
C. Peer teachers with autism teaching 3D model-
ling. Int J Disabil Dev Educ. 2019;66(4):438-453. 
https://doi.org/10.1080/1034912X.2018.1540770 

[47] Berman A, Deuermeyer E, Nam B, Chu SL, Quek 
F. Exploring the 3D printing process in for young 
children in curriculum-aligned making in the class-
room. In: Proceedings of the 17th ACM Conference 
on Interaction Design and Children, 2018. p. 681-
686. https://doi.org/10.1145/3202185.3210799 

[48] Jones DB, Sung R, Weinberg C, Korelitz T, An-
drews R. Three-Dimensional Modeling May Im-
prove Surgical Education and Clinical Practice. Surg 
Innov. 2016 Apr;23(2):189-95. 
https://doi.org/10.1177/1553350615607641 

[49] Docherty A, Warkentin P, Borgen J, Garthe K, 
Fischer KL, Najjar RH. Enhancing Student Engage-
ment: Innovative Strategies for Intentional Learn-
ing. J Prof Nurs. 2018 Nov-Dec;34(6):470-474. 
https://doi.org/10.1016/j.profnurs.2018.05.001 

[50] Jordan JM. Additive manufacturing (“3D print-
ing”) and the future of organizational design: some 
early notes from the field. J Organ Des. 2019;8:5. 
https://doi.org/10.1186/s41469-019-0044-y  

[51] Szulzyk-Cieplak J, Duda A, Sidor B. 3D printers -
new possibilities in education. Adv Sci Technol Res 
J. 2014;8(24):96–101. 
https://doi.org/10.12913/22998624/575 

[52] Oke A, Atofarati J, Bello S. Awareness of 3D 
printing for sustainable constructions in an emerg-
ing economy. Constr Econ Build. 2022;22(2):52–68. 
https://doi.org/10.5130/AJCEB.v22i2.8015 

[53] Guleryuz H, Dilber R. STEM activities made with 
3D printers; the effect on awareness of teacher can-
didates regarding its use in science lessons. Int J 



    
SCIENTIFIC PAPERS 

 

 

27.5.2024    FinJeHeW 2024;16(2)  227 

Res. 2021;9(19):366–378. 
https://doi.org/10.29121/gran-
thaalayah.v9.i10.2021.4351 

[54] Gurer MD, Akkaya R. The influence of pedagog-
ical beliefs on technology acceptance: a structural 
equation modeling study of pre-service mathemat-
ics teachers. J Math Teach Educ. 2022;25:479–495. 
https://doi.org/10.1007/s10857-021-09504-5 

[55] Korucu T. Teachers’ technology acceptance 
and usage situations and the evaluation of web 
pedagogic content knowledge in terms of different 
variations and the determination of the relation-
ship between these. Int Educ Stud. 2016;10(3):54–
75. https://doi.org/10.5539/ies.v10n3p54 

[56] Roos M, Kuosmanen L, Tevameri T, Viinikainen 
S. Lähihoitajien työnkuva ja työn vetovoimatekijät 
sosiaali- ja terveysalalla – integratiivinen kirjalli-
suuskatsaus [in Finnish, abstract in English]. Hoi-
totiede. 2021;34(3):152–168. 

[57] Morse J, Barret M, Mayan M, Olson K, Spiers J. 
Verification Strategies for Establishing Reliability 
and Validity in Qualitative Research. Int J Qual 
Methods. 2002;1(2):13-22. 
https://doi.org/10.1177/160940690200100202 

 

 


	3D printing as a part of Finnish practical nurse students’ technological acceptance – a qualitative study
	Abstract
	Introduction
	Three-dimensional printing
	Technological acceptance model

	Material and method
	Participants
	Data collection
	Data analysis

	Results
	From professional meaningless to everyday usefulness
	From resource dominance to one part of working life
	From special competence to ease of use
	From assumptions to limitless possibilities

	Discussion
	Limitations
	Trustworthiness

	Conclusion
	References


