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Abstract

In this study, the contribution of the 3D computer modeling to the twenty-first century’s
common competencies was evaluated from the perspective of secondary school students.
The one-group post-test only design was used in the study. The instruments of the data col-
lection process were an achievement test and a questionnaire developed by the researchers.
The t-test and single sample chi-square test for related samples were performed to ana-
lyze the gathered data. The results of the study presented that secondary school students
thought that 3D computer modeling education contributes to the lectures as mathematics,
geometry, technological information, and design. Moreover, it supports the development
of design, communication, collaboration, creativity, and problem-solving skills positively.

Keywords 3D computer modeling - Twenty-first century skill - Secondary school students

Introduction

There is a rapid change in skills and competencies expected from the twenty-first century’s
students, and in line with this rapid change, learning environments change (Karademir,
2018). The twenty-first century’s profile is not the person who receives and uses infor-
mation. It focuses on educating individuals by developing the skills of critical thinking,
problem-solving, collaborative learning, openness to innovation, creativity, productiv-
ity, and entrepreneurship (ISTE, 2016; NAE, 2010; P21-The Partnership for 21st Century
Skills, 2009). Therefore, it can be said that traditional education approaches are insuffi-
cient for individuals to acquire these features. The objectives can be achieved by contem-
porary education, which is based on knowledge generation in contrast to memorization.
The rapidly developing ICT should affect all areas of education, and fundamental changes
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in educational approaches are compulsory (Turkish Education Association, 2007 cited:
Haslaman et al., 2007). Moreover, new learning environments focused on competencies is
obligatory because of this change. From this point of view, new technologies are the solu-
tions for educational sciences.

It can be said that, in recent years, 3D printers are one of the most popular technologies
which contribute to educational environments and sectors such as military, commerce, and
health. 3D printers have become necessary resource providers, especially in the manufac-
turing industry. The discussions about 3D modeling skills have increased in educational
settings because of the rapid development of 3D printers and their functionality.

In this context, the research has focused on the search for an alternative way to improve
the twenty-first century skills of the students. Contribution of 3D computer modelling
education to the twenty-first century common competencies as an alternative method has
been evaluated from the perspective of middle school students. Critical thinking, problem-
solving, communication, collaboration, entrepreneurship, information and digital skills
have been determined as twenty-first century common themes and has been included in the
study.

3D modeling education

Three-dimensional (3D) modeling of an object can be seen as a complete process that
starts from data acquisition and ends with a 3D virtual model that is visually interactive on
a computer (Remondino & El-Hakim, 2006). 3D modeling has been widely used in areas
including computer graphics, architecture, mathematics, the military, virtual reality, and
communication, and there is more and more demand for 3D content for tissue engineering
and heritage protection (Luan et al., 2008).

3D modeling supports educational environments in two ways. The first one is to provide
real-world experiences to students by the virtual world used as learning materials. In other
words, it is a process of learning from 3D technologies. The cost-effective and realistic 3D
education environments make students qualified and lower the costs in vocational and tech-
nical education (Yaman et al., 2015). Because visualizations and graphical displays have
an essential role in enhancing students’ learning experiences (Frank, 2005). For example,
in the study conducted by Yaman et al. (2015), the effect of “Stereoscopic 3D Imaging
Technology” on students’ learning satisfaction and motivation was examined. The results
of this study determined that 3D animations caused an increase in students’ learning satis-
faction and motivation. Parallel to this, Emre et al. (2018) applied the primary "congenital
disease model” which was designed and printed with 3D modeling to the fifth grade stu-
dents at medical faculty. It was found that the use of these models in internship training for
pediatric surgery contributes positively to satisfaction. Vidaurre et al. (2019) evaluated the
use of 3D models as a teaching tool for medical students in their study. The results of this
study concluded that congenital heart disease models designed with 3D are applicable and
useful for the processes of diagnosis and treatment. Akilli and Seven (2014) stated that for
better understanding and solving different complexities, 3D computer model presentations
are the best materials, and these models are an effective and scientific way to instantiate
some intangible concepts. Another study conducted by Chekrouni et al. (2020) analyzed
the effect of 3D models on students, and the results showed that the 3D Atlas significantly
improves students’ understanding of human embryology, reflected in significant higher test
scores for new students.
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Second contribution of 3D modeling to education is “to learn 3D modeling” and devel-
oping different skills by this learning process. It is known that today’s children develop
their thinking and comprehension skills through 3D materials very quickly (Prensky, 2001).
Besides, it is claimed that students can develop their imagination by designing 3D models
and by instantiating these models with 3D printers; moreover, students can mentally create
new designs to find solutions for the problems they face (Kuzu Demir et al., 2016). Kostakis
et al. (2015) examined the extent of the technological capabilities of open-source 3D printing
that could serve as a means of learning and communication in two high schools in Ioannina,
Greece. They found that 3D printing and design can electrify various literacies and creative
capacities by the spirit of the interconnected, information-based world. However, at this point,
it is also necessary to mention the disadvantages of 3d printers. These disadvantages include
some competency requirements to be able to create 3D modeling (Despeisse et al., 2016), the
high raw material costs (Kuzu Demir et al., 2016), the high initial investment cost (Kostakis
et al., 2015; Thornburg et al., 2014), the effects of harmful gases that may occur as a result
of high heat (Azimi et al., 2016). It is impossible to print the large models with home type
3D printers (Sonmez et al., 2018). In addition, it is time-consuming to prepare education pro-
grams suitable for using 3D printers (Schelly et al., 2015).

Moreover, 3D modeling can improve students’ spatial ability (Brown, 2015). Kell et al.
(2013) emphasized that the development of students’ spatial ability at secondary school
level may increase the individual’s chance of success in creative and scientific achievements.
Similarly, different studies found that such applications performed via computer affect spa-
tial thinking ability (Arici, 2013; Ozabact & Olgun, 2011; Yildiz & Tiiziin, 2011). Akilli and
Seven (2014) concluded that 3D models increase students’ academic achievement, three-
dimensional thinking, and spatial animation skills. Chang et al. (2019) examined the effects
of three-dimensional computer-aided design on the creative self-efficacy and performance of
high school students. As a result of the research, it was found that there is a moderate positive
correlation between students’ total scores of creative self-efficacy, individual creativity items,
and innovative performances. Also, the use of three-dimensional computer-aided design has
significantly increased students’ creativity. Liaw et al. (2019) described the development of
a 3D-VE and evaluated healthcare students’ experiences of their collaborative learning in the
environment. As a result, it was reported that the participants are positive about the usabil-
ity, feasibility, and perceived sense of the presence of the 3D-VE in supporting collaborative
learning. Watching and seeing 3D computer models is considered as a possible way to develop
and modify students’ incomplete mental models (Wu & Shah, 2004). 3D computer-aided
design (3D-CAD) enables accurate and scalable presentations and realistic images to visualize
ideas (Hatchuel et al., 2018; Lee & Yan, 2016).

In general, it can be said that the effects of 3D modeling and 3D printing technology on
education are positive in terms of developing different cognitive and affective skills. In the lit-
erature, it is possible to find positive reflections such as an increase in motivation, cooperation,
creativity, problem-solving, spatial intelligence, and satisfaction. From this point of view, the
question is whether the 3D computer modeling in classroom environments can be an alterna-
tive method to develop the twenty-first century competencies or not.

The definitions of twenty-first century skills
A competence allows individuals to solve tasks autonomously and to adapt to different

environments and situations (Pantic & Wubbels, 2010). The changing production needs
of the twenty-first century have an impact on competencies and the schools as the training
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institutions. Nowadays, individuals change to active producers from passive workers. In
line with this, the routine, repetitive, and easily automated tasks are performed by robots,
while people perform interactive and idea-based tasks. In this context, policymakers
emphasize education to acquire twenty-first century skills (Gretter & Yadav, 2016).

The related literature shows that different institutions focused on different competencies
for twenty-first century skills according to the changing conditions and needs. Table 1 sum-
marized some of the twenty-first century skills defined by the institutions below.

Table 1 presented that there are different types of skills defined by organizations con-
cerning twenty-first century skills. For example, Binkley et al. (2012) identified twenty-
first Century skills in four groups included ten skills. The first category as the “Ways of
Thinking” emphasized higher-order thinking skills, and subsumed more straightforward
skills such as recall, and drawing inferences. The second category, “Ways of Working”,
focused on communication and teamwork. At the same time, "Tools for Working” included
the skills of information literacy and ICT literacy, which are the future and mark a signifi-
cant shift that is likely to be as important as the invention of the printing press. The last
category is “Living in the World”. This category emphasized that "people should learn to
live not only in their cities or countries but also throughout the world". That’s why they
have identified and grouped Citizenship, Life and Career, and Personal and Social Respon-
sibility as twenty-first-century skills. There is another description by Wagner (2008) in his
book named "The Global Achievement Gap: Why even our best schools don’t teach the
new survival skills our children need and what we can do about it". It is the “Seven Sur-
vival Skills for the 21st Century," which defines seven skills to prepare all students for the
twenty-first century and make them a global citizen. Wagner (2008) described these seven
areas of competence. Also, he criticized parents and policymakers because of considering
test scores as the most reliable measures and criteria of an excellent school system. He
stated that they would lose their competitive advantage in the global economy unless they
can teach new survival skills. Another organization that has been working on the defini-
tions of 21st Century skills is Partnership for 21st Century Learning. “The P21 Framework
for 21st Century Learning” was developed with input from educators, education experts,
and business leaders to define and illustrate the skills, knowledge, expertise, and support
systems that students need to succeed in work, life, and citizenship.” In this framework,
there are four main skill categories as “Key Subjects and 21st Century Themes”, “Learning
and Innovation Skills”, “Information, Media and Technology Skills”, and “Life and Career
Skills”. Another definition was developed by the National Education Association-NEA
(2010) to introduce the concept of Four Cs and emphasize its importance to educators,
and to have twenty-first century education in the classroom practices. The NEA (2010),
defining the four main themes, also supported the importance of these skills by the results
of “The AMA 2010 Critical Skills Survey” conducted by the American Management Asso-
ciation in 2010. According to the managers who participated in the study, the skills of read-
ing, writing, and arithmetic are not sufficient if the employees cannot think critically, solve
problems, cooperate, or communicate effectively. So according to NEA, “It is clear that the
“Four Cs” needs to be fully integrated into classrooms, schools, and districts around the
country to produce citizens and employees adequately prepared for the twenty-first cen-
tury." In line with this, ISTE (International Society for Technology in Education, 2016)
designed new student standards to empower students’ voice and ensure that learning is a
student-driven process. Besides, as shown in Table 1, it is seen that there are many defini-
tions of twenty-first century skills made by many different institutions.

In addition to those mentioned above, there are many other definitions of twenty-first
century skills made by different organizations in the literature. These definitions show how
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much the twenty-first century skills are essential and also indicates that there is no common
framework. When these definitions made by the most reputable and known institutions are
compared, it can be seen that there are specific themes in common. These themes include
critical thinking, problem-solving, communication, collaboration, entrepreneurship, infor-
mation, and digital skills.

Similarly, a study conducted by Van Laar et al. (2017) also analyzed the twenty-first cen-
tury digital skills. It concluded that the themes were subjected to the skills of knowledge,
communication, collaboration, critical thinking, creativity, and problem-solving. In their
following study, Vaan Laar et al. (2019) studied with a group of employees (N=1222).
They tried to determine the levels of the common themes of information, communica-
tion, collaboration, critical thinking, creativity, and problem-solving, which are considered
essential skills in the twenty-first century. The results showed that the level of twenty-first
century digital skills varies considerably. From this point of view, this research focused on
critical thinking, problem-solving, communication, collaboration, entrepreneurship, infor-
mation, and digital skills.

Research questions

The importance of the twenty-first century skills for productive human resources for the
future is clear from the definitions of various institutions. In this context, studies argue
that “there is a need within a reinvention of the way that classrooms and schools are con-
structed that respond to the necessary twenty-first century skills” (Campbell et al., 2013).
Therefore, the need for new methods of alternative innovative learning environments and
achievements is compulsory, which means to support twenty-first century skills while
teaching knowledge. In other words, it is interdisciplinary learning. The subject of this
research is the 3D computer modeling. Conducting project-oriented studies for 3D com-
puter modeling is very important for production, and it is known that problem-based learn-
ing environments contribute to the development of twenty-first century skills (Bell, 2010;
Ravitz et al., 2012). To develop twenty-first century skills, such as critical thinking, com-
munication, inquiry, and collaboration, 3D printing may be a way of renovating classrooms
while providing students with playful and experiential learning experiences (Becker et al.,
2018; Figg et al., 2018). 3D modeling and printing are useful tools to develop twenty-first
century skills of the students (Cano, 2015).

From this point of view, the contribution of the 3D computer modeling education
(3DCM) to the twenty-first century skills was evaluated from the perspective of secondary
school students. In this context, the aim of the study is not to determine a learning method,
but rather to present the contribution of a computer-based competency to the twenty-first
century skills. In light of the main purpose of the study, the sub-questions were listed
below.

1. Is there any significant difference between the achievement scores of pre-test and post-
test of the secondary school students?

2. What is the direction of the effect of 3D modeling on students’ knowledge and technol-
ogy skills in the other courses (like Painting, Science, Mathematics-Geometry etc.)?

3. What is the direction of the effect of 3D modeling education on students’ designing
skills?
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4. What is the direction of the effect of 3D modeling education on students’ collaboration
and communication skills?

5. What is the direction of the effect of 3D modeling education on students’ creative think-
ing and problem-solving skills?

6. What is the direction of the effect of 3D modeling education on students’ entrepreneur-
ship skills?

Methods

Research model

The one-group post-test only design was used for this research. In a one-group post-test
only design, treatment is implemented (or an independent variable is manipulated); and

a dependent variable is measured after the implementation of this treatment (Price et al.,
2017). The model of the research is demonstrated below.

G, X 012
Pre-achievement test The 14-week 3D Modelling Education Post-
achieve-
ment
test
Paired samples according to achieve- Twenty-
ment levels first
5th—6th—7th grades century
skills

test

As stated in the demonstration of the model, in the study designed as a single group,
firstly, the pre-achievement test was conducted to the paired groups created according to
the pre-achievement levels. Secondly, the post-achievement test was conducted after com-
pleting the 14-week 3DCM education. Lastly, the twenty-first century skills test was per-
formed. The aim of this research is not to analyze a relational pattern between pre and
post-tests. In this study, it is aimed to determine the effect of 3D modelling education on
twenty-first century competencies from the perspective of the student through structured
questionnaires. Since the data obtained after 3D modelling education is important in this
study, one-group post-test only design is suitable and sufficient for the research. Besides,
it is very difficult for researchers to match the students for the experimental design at three
different grade levels (5th, 6th, 7th) and reach the desired sample size. Therefore, it was
decided that the most appropriate method was the one-group posttest only design.

The study group

The research was carried out with ninety-nine middle school students who studied at 5th,
6th, and 7th grades at two different public schools in Turkey. The distribution of the stu-
dents, according to their degree, is shown in Table 2.

Table 2 illustrates that 43.4% of students who participated in the research were study-
ing in 5th grade, 40% were studying in 6th grade, and 16.2% were studying in 7th grade.
In this study, criterion sampling, one of the purposeful sampling methods, was used for the
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Table 2 The distribution of the

f
students according to their grade Grade %
5.0 43 43,4
6.0 40 40,4
7.0 16 16,2
Total 99 100,0
Table3 The results of ANOVA Sum of squares df mean square F Sig
Between groups 374,550 2 187,275 1554 217
Within groups 11,566,359 96 120,483
Total 11,940,909 98

selection of secondary school students. Criterion Sampling involves searching for cases or
individuals who meet a specific criterion, like having a certain disease or having a particu-
lar life experience (Palys, 2008). The first criterion taken into consideration when selecting
the students for the study group is not to take a course on the 3D design before. The second
criterion is that there is not to have a significant difference between the 3D design achieve-
ment scores of the groups; in other words, the groups should have equal pre-achievement
scores in terms of the skills. Therefore, to equalize the groups in terms of achievement
scores, eight students who showed extreme values in the sample were excluded from the
group. After the extraction, ANOVA test was performed to determine whether the differ-
ence between the achievement scores of the groups (5th, 6th, 7th grade) was significant or
not; and the results are given in Table 3.

The test results (Table 3) are non-significant (p >0.05); in other words, there was not
any significant difference between the groups in terms of achievement scores. So, it can be
said that the study group is suitable for this research.

Data gathering tools

3D Modeling education is provided by using the Tinkercad platform. Tinkercad is a free
platform that allows individuals to make 3D drawings. There are several reasons for choos-
ing this platform. These reasons were gathered according to the opinions of eleven com-
puter teachers who had previously provided this education in secondary school. These are,

Not to require high-level computer skills,

Not to require high-level drawing skills

To have a tool and interface that is easy to understand
Easy to reach and free of charge

Providing storage for models

Accessibility in different environments outside the school.

SO e

Data collection tools were developed in accordance with the Tinkercad platform used. In
this context, the data were gathered by the "3D Modeling Achievement Test” and “Contri-
bution of 3D Computer Modeling Education” questionnaire.
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3D Modeling Achievement Test The test, developed by the researchers, aims to meas-
ure students’ knowledge about 3D modeling. The development process was started by
preparing a table of specifications included the learning outcomes. The table of specifi-
cations prepared is given in Table 4.

When the table of specifications in Table 4 is examined, it is seen that there are
attainments in different learning levels. Considering this table, teachers who teach in
secondary school about Tinkercad were asked to write test questions. To teach about
Tinkercad previously in secondary school was prioritized for writing qualified items.
The 36 questions were written by the teachers, including the learning outcomes in the
table of specification (The projects measured the learning outcomes of the analysis and
synthesis step). A group of secondary school students reads the questions firstly for lan-
guage fluency, and some items were revised according to the feedback. Then, the test
was applied to the group educated for Tinkercad, and the item scores matrix was formed
with the obtained data. The significance of the difference between the item scores was
examined by defining the upper and lower 27% percentiles. In the next step, item dis-
crimination indexes were calculated. It is accepted that the test can include the item
discrimination indexes higher than 0.30 show the right discrimination level and these
items. Therefore, to establish a well-constructed achievement test, ten questions with
an item discrimination index of less than 0.30 were excluded from the analysis. Item
difficulty indexes of the remaining twenty-six questions were calculated. The item diffi-
culty index is the ratio of respondents who respond correctly to the whole group (Erkus,
2003). Also, the item difficulty index has values between 0 and 1. These values indicate
that if the item difficulty index is closer to 1, the item is easier, but if the item becomes
difficult as it is closer to O.

Moreover, the overall average of the test less than 0.50 indicates that the test is dif-
ficult. The item difficulty average for the developed test was lower than the accepted
value (0.230); so, 6 test items that can be determined as difficult were eliminated from
the analysis to increase the item difficulty index of the test to 0.50. Also, the effects of
item representation of learning outcomes in the table of specification were taken into
consideration when excluding the items. In order to determine the internal consistency
of the test, the KR-20 value, for the tests scored as O and 1, was calculated (Ozgﬁven,
1994, 90). The result of the analysis showed that the KR-20 value was acceptable with
0.66. At last, the 3D modeling achievement test consisting of twenty questions was
developed.

The Questionnaire of the Contribution of 3D Computer Modeling Education questions
the contribution of the 3D Modeling Education with Tinkercad to the achievement lev-
els of critical thinking, problem-solving, communication, collaboration, entrepreneurship,
information, and digital skills in the common themes from the perspective of students. The
questionnaire consists of five sections. The item-pool was constructed in the light of the
Framework for 21st Century Learning, which is prepared with the support of thirty compa-
nies, including 21 states in the USA, like Apple, HP, and Intel. The 4C skills constructed
the skills and their definitions as Creative thinking and Problem Solving, Communica-
tion, Collaboration, and Creativity and Innovation under the title of Learning & Innova-
tion Skills in the framework (P21, 2009). Besides, two different sections have been added
to measure the contribution to learning success and entrepreneurship in various courses.
The items firstly reviewed by two specialists of educational technologies and one specialist
of evaluation and assessment for content and construct validity. Finally, three secondary
school students read the items, and changes were made according to their feedback for the
completion of the final version.
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Research process and data analysis

In the research process, a 14-week lesson plan has been developed for the Tinkercad
education program. The 14-week lesson plan is given in Table 5.

When Table 5 is examined, it is seen that all the attainments on 3D Modeling Educa-
tion are aimed to be acquired by students in a 14-week period. Besides, in the last two
weeks, students produce solutions to a problem situation with 3D modelling. In this
context, the image showing the research steps are given below.

Develop a Project

Preparation of Teaching Implementation of Pre-test Collecting Project
Plan (Appendix 1)
Step 1 Step 3 Step 5 Step 7
Step 2 Step 4 Step 6 Step 8
Preparation of 3D Computer Modeling Implementation of post-test Data Analysis
Measurement Tools Training-14 weeks and The Questionnaire of

the Contribution of 3D
Computer Modeling
Education

In addition to two data collection tools, measuring some of the high-level skills
included in the table of specification, the students had carried out a project at the end of
the course. As a result of this study, they drew 3D models of some objects mentioned in
Table 4 and made them ready to print from the 3D printer.

Firstly, to analyze the significance of the difference between the pre-test and post-
test achievement scores, in other words, to identify the achievement of the education,
the related samples t-test analysis was performed. The outliers and missing values were
determined to decide whether the collected data is suitable for the study. Then, the Kol-
mogorov—Smirnov test was performed to test the significance of the data, and it was
founded that the distribution did not show a significant difference from the normal dis-
tribution (p > 0.05).

A single sample chi-square test was conducted to compare the results of the Ques-
tionnaire of the Contribution of 3D Computer Modeling Education based on catego-
ries. In the sampling process, it was noted that the number of cells having an expected
frequency of less than 5 in each group did not exceed 20%. Besides, frequency values
related to the data are also included (Table 6).

Findings

The findings of the study gathered from the analysis of the data are as follows.
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Table 6 The models constructed

in the projects 3d model f % 3d model f %
Home 13 13.13 Key chain 2 2.02
Animal (like 9 9.09 Pen 2 2.02
dragon, fish,
rabbit)
Parentheses 8 8.08 Car 2 2.02
Bone 6 6.06  TapeBox 2202
Fork 6 6.06 Game Characters 2 2.02
Pencil case 5 5.05 Ring 2 2.02
Robot 5 5.05 Eraser 2 2.02
Helmet 4 4.04 Junction box 2 2.02
Airplane 4 4.04 Hat 1 1.01
Human 4 4.04 Table 1 1.01
Stress wheel 4 4.04  Plates/CupsSet 1 1.01
Screwdriver 3 3.03 Computer 1 1.01
Cover 3 3.03 Tower 1 1.01
Skeleton 3 3.03 Tweezers 1 1.01
Table 7 The related samples t-test for pre-test and post-test scores
X N S sd t P
Pre-achievement test scores 3303 99 11,038 —17,961 98 .000

Post-achievement test scores 62,980 99 166,739

1. Is there any significant difference between the achievement scores of pre-test and post-
test of the secondary school students?

In this study, the contribution of 3D computer modeling to the twenty-first century
skills of secondary school students is investigated. However, the first hypothesis to be
confirmed before analyzing this contribution is the hypothesis that "education increases
success". Because if there were no increase in success, it would be meaningless to look
at its contribution to twenty-first century skills. So, to detect a positive effect on the
post-test would have been an indicator of the possibility of analyzing the relationship of
twenty-first century skills. For this purpose, pre-test and post-test scores of secondary
school students were compared with related samples t-test and reported in Table 7.

As shown in Table 7, a significant difference was found between pre-test and post-
test achievement scores of secondary school students after 3D modeling education
(t(gg): —17,961, p<0.01) and this difference was in line with the improvement in post-
test when the average scores were examined. Based on this finding, the sub-questions of
the research can be answered.
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Table 8 The results of chi-square analysis about technology awareness

Theme: technology awareness Agree Neutral Disagree X2 sd p
I noticed new technologies when designing 3D with n 78 13 5 100,188 2 .000
Tinkercad % 788 131 5.1

Table9 Learning outcomes

related to technology Learning outcomes " %
Shortcut keys 37 17.45
Use of Word/Excel/PowerPoint 1 0.47
Use of paint 10 4.72
Use of the Internet 31 14.62
Use of flash/hard-disk 11 5.19
Use of e-mail 33 15.57
Use of keyboard 33 15.57
Use of mouse 32 15.09
Screen designing 24 11.32

2.  What is the direction of the effect of 3D modeling on students’ knowledge and technology
skills in the other courses?

The analysis of this sub-question started by asking the question of “Have you noticed new
technologies when designing 3D with Tinkercad?” to the students. The gathered data were
subjected to a single sample chi-square analysis to determine the significant difference
between the categories, and Table 8 reported the results.

As illustrated in Table 8, the results of the single sample chi-square analysis showed 78
of the secondary school students agreed that their technology awareness increased. At the
same time, 13 of them were undecided, and five students disagreed. It is seen that the distri-
bution of the secondary school students skewed in the category where 3D design increases
technology awareness, and there is a significant difference between the groups (x*(sd =2,
n=99)=100,188, p<0.001). In line with this finding, the students were asked about the
learning outcomes related to the technology they used mostly during the 3D Modeling pro-
cess. The results are reported in Table 9.

It can be seen that 17.45% of the secondary school students indicated that the use of
shortcut keys is the most developed learning outcome during the 3D design process. The
results also show that 15.57% of the students stated e-mail and keyboard usage. 15.09% of
them indicated the use of the mouse, 14.62% of them noted the internet usage, 11.32% of
the students stated the use of screen design programs, 5.19% of them indicated the usage
of Flash / hard-disk, and 4.72% of them noted the use of Paint. Also, 0.47% of the students
stated the use of office programs. In light of these findings, it can be said that the contribu-
tion of 3D design to students’ technology skills is positive.

There was also a need to study on the learning outcomes of the other courses that the
students used during the 3D Modeling education by determining their contribution to
technology. In this context, firstly, the students were asked with the question of “In which
courses they used the information gathered in the process of 3D modeling education," and
the answers were reported in Table 10.
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Table 10 illustrated that the students mostly used the learning outcomes of the
courses of mathematics and geometry (30.31%), and then the courses of Information
Technologies (24%) and Technology Design (23.48%) during the 3D Modeling process.
The other courses according to the percentages respectively are Painting (9.09%), Eng-
lish (4.55%), Science (3.79%), Social Studies (54.55%), Introduction to science (0.76%)
and Turkish (0.76%). The first three courses that the students use mostly in the 3D mod-
eling process are Mathematics-Geometry, Information Technologies, and Technology
Design. In the light of these findings, students were questioned about the mainly used
information they had previously learned in the course of Mathematics-Geometry, and
Table 11 reported the data obtained.

It can be seen from Table 11 that the most commonly used learning outcome by the
students in the 3D modeling education process is Cube and Cylinder (12.05%). Area
calculations follow these learning outcomes, with 9.64% and unit conversions with
8.73%. The other learning outcomes are about the sphere, cone, four operations, pyra-
mid, coordinate plane, hemisphere, ring, cubage, polygon, and prism, respectively.

Based on all of these results, it can be said that modeling with 3D computer helps
students reinforce the learning outcomes that they have acquired in the courses such as
mathematics-geometry, technology design, and information technologies; and also con-
tributes to technology awareness.

3. The contribution of 3D modeling education to the students’ designing skills

The third sub-question of the research is about the contribution of 3D modeling educa-
tion to design skills from the perspective of the students. For this purpose, twelve dif-
ferent questions were asked to the students, and their answers were subjected to a single
sample chi-square analysis (Table 12).

It can be seen that there are significant differences between the students’ answers
except for two. As mentioned before, students did not have received any training in 3D
modeling before the study and did not have readiness for this subject. It was found that
most of the students found 3D design enjoyable, and there are significant differences
between the answers of the students (xz(sd= 2,n1=99)=284,182, p<0.001). It was also
observed that a large number of the students (n=42.4%) were undecided about the ease
of using 3D design and this difference was also significant (x%(sd=2, n=99)=28.061,
p <0.005). Students are undecided about the ease of using 3D design. However, most of

them disagree that they had difficulties in “understanding X-Y-Z coordinates," "visualize

Felated 03D modeling dcation ¢ e ofcoure i %
Mathematics-geometry 40 30.31
Technology design 31 23.48
Information technologies 34 25.76
Science 5 3.79
Introduction to science 1 0.76
Painting 12 9.09
Social sciences 2 1.52
English 6 4.55
Turkish 1 0.76
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Table 11 Learning outcomes of the course of mathematics—geometry

Learning outcomes N f
Cube 40 12.05
Cylinder 40 12.05
Calculating area 32 9.64
Unit conversion (e.g., converting meter to the centimeter) 29 8.73
Sphere 28 8.43
Cone 25 7.53
Four operations (summation, multiplication, subtraction, etc.) 24 7.23
Pyramid 21 6.33
Calculations of coordinate plane (X, Y, Z coordinates) 20 6.02
Hemisphere 19 5.72
Ring 18 5.42
Cubage 18 5.42
Polygon 16 4.82
Prism 2 0.6

"o

models in their minds," "saving designs," “drawing their models," “understanding the
logic of modeling”, “creating holes” during 3D modeling design. Also, the difference
between the students’ answers was significant. The two questions that do not have sig-
nificant differences are the items of having difficulty in drawing their models and having
the objects in coplanar.

Generally, it can be said that 3D modeling education contributes to the designing

skills of the students positively.

4. The contribution of 3D modelling education to the collaboration and communication
skills of the students

The fourth sub-question of the research examined the contribution of 3D modeling
education to communication and collaboration skills from the perspectives of the stu-
dents. For this purpose, six questions were asked to the students, and a single sample
chi-square test was performed to analyze the significance of the observed differences
between the answers. The results are summarized in Table 13.

The first question asked to the students is whether they have communicated and col-
laborated with their friends during the 3D design process or not. Most of the students
(n=76.8%) were answered as “agree” and there is a significant difference between the
answers of the students (xz(sd=2, n=99)=284,182, p<0.001). Similarly, it can be seen
that the students are in cooperation and communication with their teachers in the 3D
design process (x%(sd=2, n=99)=100,188, p<0.001). The only different result is
obtained from the family item. The students stated that they did not contact their fami-
lies during the 3D modeling education process, and there was a significant difference
between the answers of the students (x*(sd=2, n=99)=43,091, p<0.001). Students’
behaviors of communicating not only with individuals but also with online people were
also questioned. However, most of the students stated that they did not communicate
and cooperate with people in online environments during the 3D design process and
there is not any significant difference between the answers of the students (x*(sd=2,
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n=99)=44,837, p<0.001). Finally, it is seen that in addition to not getting help from
friends, students do not help their friends inthe 3D design process. The results showed
that most of the students “agree” the statement of “I helped to my friends who had dif-
ficulties in 3D designing with Tinkercad.” and the difference between the answers was
significant (x*(sd=2, n=99)=100,188, p<0.001).

Generally, the results indicated that most of the students communicate and collaborate
with their friends and teacher during the 3D modeling education process. These results can
be interpreted as the 3D Modelling education contributes to the collaboration and commu-
nication skills of the students.

5. The contribution of 3D modelling education to creative thinking and problem-solving
skills

The sixth sub-question of the research determined the contribution of the 3D modeling
process to creative thinking and problem-solving skills. For this purpose, seven questions
were asked to the students. The answers given by the students were subjected to a single
sample chi-square test, and the results are summarized in Table 14.

It can be seen that there are significant differences in some answer categories, while
there was not any significant difference in others. It is observed that 87.9% of the stu-
dents “agree” with the item of “3D design with Tinkercad made it easy for me to pro-
duce new ideas”. The difference between the answer categories is significant (x*(sd=2,
n=99)=135,694, p <0.001). In other words, students think that 3D design makes it easier
for them to produce new ideas. The results are also significant for the item of “Making 3D
design with Tinkercad increased my creativity”. While 77.8% of the students agree with
this item, 17.2% stated that they were undecided, and 5.1% did not agree with the item.
The difference between the answer categories is significant (x*(sd=2, n=99)=90,182,
p<0.001). The difference between the answer categories of the item "I can produce solu-
tions to real-life problems by making 3D designs." is also significant. It is seen that most of
the students agree with this item. Also the difference between the answer categories is sig-
nificant x% (sd=2, n=99)=6788, p <0.005). The other two items are “I have trials about
the solutions for the problems that I faced with when designing in 3D with Tinkercad.” and
“I draw the same object in different ways while designing in 3D with Tinkercad”. It is seen
that the answer category that students choose mostly is “Agree” (52.5%, 60.5%). Moreo-
ver, the difference between the answer categories is significant in both questions (x*(sd=2,
n=99)=17,152, p<0.00, xX(sd=2, n=99)=33,515, p<0.001). These two questions are
about alternative ways of problem-solving and finding different solutions. The answers
of the students showed that the 3D modeling education process contributes to alternative
ways to solve the problem.

6. The contribution of 3D modelling education to the entrepreneurship skills

The last sub-question of the research questioned the contribution of 3D modeling educa-
tion to entrepreneurship skills. Seven questions were asked for this purpose, and the single
sample chi-square test was performed to compare the answer categories (Table 15).

Table 15 illustrates that 70.7% of the students stated that they wanted to continue to

make the 3D design in the following periods, 20% were undecided, and 9.1% did not
want to continue. This difference observed between the answer categories is significant
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(x*(sd=2, n=99)=64,061, p<0.001). Similarly, 47.5% of the students stated that they
wanted to design games by 3D modeling, and compared with other answer categories,
the difference between answer categories was significant (xz(sd= 2, n=99)=13,152,
p <0.005). In contrast to positive feedback on entrepreneurship, it was seen that most of the
students “disagree” (49.5%) with the item of “I would like to work in a profession related
to 3D design in the future.” and the difference between the answer categories is significant
(x*(sd=2, n=99)=9455, p<0.05). Moreover, it was observed that there was no signifi-
cant difference between the answer categories in the other questions asked to determine the
contribution to entrepreneurship. As a result, the contribution of 3D modeling education to
entrepreneurship is questionable.

Discussion

The level of development of countries indicates the transition from the consumer society
to the production society. This process necessitates alternative learning ways to develop
high-level thinking skills of students in educational environments where human resources
are developed and to contribute to production. From this point of view, the contribution
of 3D computer modeling education to the standard skills of the twenty-first century was
determined by the self-evaluation of secondary school students. In this context, a learning
method is not intended, but it is aimed to present the contribution of computer-based acqui-
sition to the twenty-first century skills as a subject area.

According to the students, 3D computer modeling education has been effective posi-
tively on the learning outcomes of the course of mathematics-geometry, technology design,
and information technology. Explicitly, they stated that they had to use the knowledge gath-
ered from mathematics and geometry such as the cube, cylinder, area calculation, unit con-
version during the drawings process. A similar situation is also valid for computer issues.
The students stated that they used some technology-related skills such as keyboarding,
shortcut, paint usage, and internet usage in the 3D computer modeling process. So, it can
be said that 3D modeling education is a good practice in terms of practicing the subjects of
some courses and using them to produce solid materials that will be reflected in real life.
These results are not surprising. Because, as stated in the literature, students acquire basic
knowledge about the graphical representation of three-dimensional objects in plane and
space (Mitrovic et al., 2012) and practice the acquired knowledge. This basic knowledge
is directly in line with the learning outcomes of the courses of mathematics, geometry,
design, and information technology course. Also, drawing helps the student to have better
spatial skills (Olvera-Garcia et al., 2019). This raises the question of whether 3D mod-
eling education can be an alternative learning method that can be applied by combining the
learning outcomes in some courses with real-life problems. This question is answered as
defining 3D printing as a new emerging educational technology trend in supporting educa-
tional environments in the 2018-Higher Education 7 Edition of the NMC Horizon Report
that is (Becker et al., 2018).

In the research process, the contribution of 3D computer modeling to the design skills
of the students was also analyzed. According to secondary school students, 3D computer
modeling education made a positive contribution to the design skills. Although the stu-
dents were undecided about the difficulty of modeling, they stated that they did not have
any trouble in visualization, understanding X-Y-Z coordinates, and saving the designs in
the desired formats at the end of the education process. Besides, it is seen that they have
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started to draw their models at the end of the education and that they understand the logic
of modeling. The result of the project shows that the students brought twenty-eight differ-
ent models. This data supports students’ data on 3D modeling. They also stated that they
enjoyed in the designing process. Therefore, 3D modeling education contributes to the pro-
duction of new things, which is considered among the twenty-first century skills.

Another skills subjected to this research is collaboration and communication skills.
Secondary school students stated that they frequently communicate with other friends and
teachers and perform collaborative studies during 3D computer modeling. So the modeling
process has a positive effect on collaboration and communication skills. When the findings
in the literature are examined, it is seen that 3D education provides students with fun and
experimental learning experiences, and also help the students in the class about develop-
ing twenty-first century skills like communication and collaboration (Figg et al., 2018).
Novak and Wisdon (2019) stated that students were encouraged to collaborate with others
by actively participating in 3D printing courses. The most crucial factor that led to com-
munication and collaboration was the difficulties in the 3D modeling process. It is seen that
they communicate and collaborate with stakeholders in the processes in which they have a
problem. This raises a discussion with 3D modeling training: Does the difficulty faced in
subject areas by the students affect the development of communication and collaboration
skills that are among the twenty-first century skills? The researchers plan further study on
this question.

In the study, it was also determined whether the 3D modeling education of the students
contributed to creative thinking and problem-solving skills or not. According to second-
ary school students, 3D modeling education requires producing something new and makes
it easier to create something new. Besides, it provides the opportunity to solve problems
by performing trials and gives the ability to produce similar types of products in different
ways. Cano’s (2015) study emphasizes that 3D modeling will provide practice in various
styles of problem-solving. It is a process of designing an object, identifying the problems
on the design, the production, and testing of alternative methods to solve these problems.

Similarly, in the study of Brookhart (2013), ‘it is emphasized that 3D modeling and 3D
printing may be a new way of developing students’ creativity by taking into consideration
the criteria of the creative child’s characteristics’ (Quoted by Cano, 2015). Novak and Wis-
don (2019), in their research, also claims that 3D printing lessons provide opportunities for
creative design and making processes. In general, it can be said that students’ tendencies
to trails during the 3D modeling process and presenting suitable practices to produce new
ideas contribute to the operation of solving the problems.

The last theme is entrepreneurship. Following this theme, it was determined that stu-
dents generally had a negative tendency. As a result of 3D design education, although
many students declare that they want to continue to design, they do not volunteer to carry
out different entrepreneurship activities by transferring these skills to the next level.

Conclusion

As a result, it can be said that 3D computer modeling education contributes to reinforc-
ing the students’ acquisitions in some courses and especially in the courses of mathemat-
ics, geometry, technology design, and information technologies. Moreover, it is seen that
secondary school students cooperate and communicate more with teachers and other stu-
dents during 3D modeling education. In addition to these, they state that there are severe
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improvements in their designing skills. Students who indicated that they had the opportu-
nity to produce new products, to present new ideas and to solve problems through trials
seem to have only negative opinions about entrepreneurship.

Research data was gathered based on the students’ opinions and tended to give gen-
eral information. In the subsequent studies, researchers can conduct studies comparing
each twenty-first century skills with the subject area of 3D modeling. Also, there is a
need to study in-depth about the relation between 3D modeling education and the sub-
jects of other courses. 3D modeling training, which allows us to collaborate interdisci-
plinarily, can be developed to practice how different course outcomes are used in the
real world. Another suggestion is the use of a different 3D modeling program except the
Tinkercad to predict the impact on secondary school students.
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