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Development of Polytechnic Creativity
of Primary School Pupils
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Abstract. The article deals with the technical literacy and implementation of the
Industry 4.0 at elementary schools. It deals with the importance of construction
kit in development of children’s technical thinking. The article presents the
results of research taken at elementary schools in the Hradee Krédlové Region.
The research is dealing with the problematic of teaching the subject "Polytechnic
creation" and is dealing with the use of construction kits during that subject.

Keywords: Technical Literacy, Primary School, Building Kits, Pedagogical
Research, Polytechnic Creation.

1  Introduction

We live in times of so called "The Fourth Industrial Revolution™” {1]. The technique
is developing at tremendous speed. The words digitalization or automation appear in
almost every sphere of our lives. A billion people are connected by mobile devices.
Access to information and knowledge is unlimited, The Fourth Industrial Revolution is
characterized by the development of artificial intelligence, robotics, 3D printing,
nanotechnology, biotechnology, material science, energy storage and quantum
computing [2]. People have higher needs for quality of life. They quickly became
accustomed to the comfort that technology brings them. In developed society, a
preschool child can control a computer, tablet, smart phone, and other technical
facilities of today. On the other hand, there is still a lack of technically educated people
[3]. Education has to respond to this current trend. The priority of primary education is
to attract interest in the pupils and to motivate them to study these technological
disciplines [4].

2 Theoretical background

2.1  Technical literacy

It is necessary, in today s world of ever-evolving technigues and computer science,
to understand these disciplines. With the increasing complexity of machines and
information technology, it is very important to improve our technical literacy. The term
of technical literacy has become more and more used in recent years. Some authors




tend to be more general in defining this term, for example [5], who defines technical
literacy as "Eligibility to use technical knowledge and information in everyday life or
work, This literacy is gained through technical or polytechnic education.” Other authors
[6] emphasize that; "the definition of technical literacy should include a knowledge,
skill and attitude component." The author Dyrenfurth defines technical literacy as ,,A
summary of competences, including awareness of key processes in the technology, the
ability to handle technical devices, ability to develop our own technical knowledge,
skills and habits, ability to use and evaluate technical information.“[6]. The areas of
technical literacy arc defined by Pecina [7]. According fo his view, it is important for
pupils to understand the meaning and characteristics of traditional and modem
materials and the importance of energy and natural resources. The most important
aspects of technical literacy include: the basic orientation in the various branches of
technology, knowledge of the history of the technology, knowledge of the nature,
functions and construction of the technical object, knowledge of the used technologies
and materials, ecological, economical, aesthetical and security information, knowledge
and ability to handle information stored in electronic form and more. This includes
spatial imagination and basic logical thinking {8].

Some author emphasized, that pupils should have not only technical and
technological knowledge, it is also important to have the necessary manual skills [7].
In addition to these areas, it is important to develop technical thinking and creativity
among pupils. Tt is necessary to form a relationship between children and polytechnics,
from the earliest age.

In recent years, education is trying to promote technological subjects at primary
schools, Pupils visit companies, workshops, technology and informnatics high schools.
Tt is step into the right direction, but the level of supports is still not high enough. At
the second level of primary schools, it is necessary to increase the number of lessons
which are focused on technics and workshops. It is necessary to connect technology
and informatics, to focus on the basics of technology, informatics and robotics,

One of the possible ways to increase the level of technical literacy in primary
schools, is to use the building blocks. Depending on the type of building kit, pupils can
practice compliance with the plan, ot use their imagination to build whatever they want.
While working with construction kits, they will also improve their gentle hand
motoricity. On the electro-technical kits, pupils can try the theory and experiments,
which they know from their physics classes to better understand and memorize it. On
other kits, they will learn the basics of programming and roboties [8].

The development of polytechnic thinking and creativity is supported by the Industry
4.0 which is characterized by the unprecedented development of automation and
digitization of production, Detailed information can be found e.g. in [9, 10]. The
Industry 4.0 brings to labor market fast changes. New branches will need employees
who are able to learn new things, to improvise, who are able to be creative and who are
flexible. People, who are able to solve problems in a comprehensive way, control
people management and are able of critical thinking, will be needed.

Education has to react to these changes. Neumajer [ 10] pointed out the reality of the
current era: ,children and young people are surrounded by digital technology every
time®. Most of children are naturally familiar with tablets, smartphones or social




networks [11]. Our job, the task of the educators, is to guide and point them into the
right direction. So they would not only play gantes or watch movies on these devices,
but they would discover that there are numbers of useful applications that can help them
in their personal development. It is no longer enough for primary schools to teach only
the subjects tike computer science or and work activities separately. This system has to
be interconnected and thoroughly developed to ensure that traditional technical subjects
will not disappear, but that innovative polytechnic subjects are going to be developed.

2.2 Counstruction/building kits

Construction kits are a very effective way to improve creativity and technical thinking.
In the kindergarien, children have a lot of spacc to play and work with construction
sets. Children in kindergarten build, on daily basis, their own products or they work on
joint projects. Playing with building kits can be spontanecous, without any supervision,
or it can be controlled by a teacher, who can influence and direct that play into a certain
direction for a particular purpose. Through building kits, children can, for example
develop perception, memory, imagination, thinking, spatial orientation or perceptually
motoric area [12). Using the kit, the child discovers and begins to understand the basic
principles of mechanics and discovers elementary laws of physics. The kit has not only
a wide use in kindergartens, but it also has a place at primary schools. In primary
schools it is once mote important for the development of technical thinking and it can
be used to demonsirate the basic principles and rules of mathematics, physics,
mechanics, statics, electricily, informatics and robotics. The most commonly used kits
are wooden blocks, mosaics, Lego, Merkur, Seva, Cheva.

3 Research

The rescarch was catried out at elementary schools in the Hradec Krdlové Region in
the Czech Republic. The research dealt with the development of polytechnic thinking
in primary school students. We focused on the subject Polytechnic creation and found
out whether the teachers are trying to improve the technical thinking of their pupils by
using construction kits. The research was carried out at the first level of primary school
(1% class - 5™ class) and at the second level of primary school (6™ class - 9% class).

3.1  Questionnaire survey among teachers from the first to the fifth class
of primary school

This research was carried cut in January 2017 among teachers who teach the subject
Polytechnic creation from the first to the fifth class of primary school. The content of
this subject is: working with tiny material, constructional activities, growing works and
food preparation. The document "Framework educational program for primary schools”
determines the weekly hourly allowance of 5 hours of work from the first to fifth class
of primary school. There is, in each grade, one hour of working activities taught weekly.
When compared to the number of hours of working activities taught in pre-school




education, we assumed that there are not enough hours of working activities taught at
primary school. However, this is only a presumption that was verified with the primary
school teachers, 238 schools were addressed by the questionnaire surve. We received
59 questionnaires from the first grade of primary school and 51 from the second grade

of primary schools.

The questions as well as the response of questionnaire survey are stated in the

Tables 1, 2 and 3:

Table 1. The response the questionnaire question No 1.

The
number In%
of
answers:
Unimportant 0 0
Less important 2 2
Important 50 50
Very important 39 39
As important as Czech language, mathematics, 9 9
Table 2. The response the questionnaire guestion No 2.
think the tes [ The
kly'is enough? number In %
e | of answers:
Definitely yes 0 0
Rather yes 2 2
It is not enough 50 50
it is definitely not enough 48 48
Table 3. The response the questionnaire question No 3.
] k| The number
of answers: In%
15 15
Yes — not very often 64 64
Yes —very often 21 21

The results of the question No 4 “What kind of construction kits do you use during
work activities?” are Merkur (41 answears), Lego (37), Seva (25), Cheva {15).
Construction kits like the Variant, Geomag, various mosaics, wood cubes and

electrotechnics were mentioned as well, but less often.




3.2 Questionnaire survey among teachers from the sixth to the ninth class

of primary school

The content of the subject Polytechnic creation on the second grade of primary
school {from sixth to ninth class) is based on the theoretical and practical knowledge
which can be used by pupils in their everyday life and during the selection of their
future profession. The subject Polytechnic creation is divided into eight areas: Working
with technical materials, Design and construction, Gardening and breeding, Operation
and imaintenance of household, Food preparation, Working with laboratory technology,
Usage of digital technology, World of work. The arcas are chosen by schools according
to their educational intentions and their school equipment,

The questions as well as the response of questionnaire survey are stated in the
Tables 4 and 5:

Table 4. The response the questionnairc question No 1.

Number o
ly:is.sutf | of answers In 96
Defmltely yes 0 0
Rather yes 2 2
It is not sufficient 50 50
it is definitely not sufficient 48 48
Table 5. The response the questionnaire question No 2.
or d"-._'
Rpaica The number of hours
Gth 7lh 8th glh
class | class | class | class Total
Work wnth techn[cal materlals 35 |25 |22 | 20 102
Design and construction 8 12 { 10 | 11 41
Growing and breeding 29 | 15 | 11 | 11 66
Household operation and| 10 | 19 | 19 | 21 69
maintenance
Food preparation i5 § 31 | 18 | 12 76
Work with laboratory equipment 6 3 16 | 16 41
Usage of digital technology 12 | 18 | 14 | 17 61
World of work 6 6 18 | 30 60

4  Conclusion

The research carried out among teachers in primary schools in the Hradec Krélové
region confirmed our assumption: both first grade and second grade primary school
teachers agree that there are not enough hours in education program for the subject




Polytechnic creation [4]. Teachers of both grades answered identically and agreed that
the subject Polytechnic creation is very important for pupil’s development. Interesting
information were found out from the survey that teachers use construction kits when
teaching. The construction activities are neglected and underestimated in the both
grades, Only 21% of first grade teachers use construction kits during the subject
Polytechnic creation. At the second grade, the areas Design and construction, together
with the area Work with laboratory equipment are taught the least. As has been
mentioned - new disciplines will need employees with the ability to learn new things,
improvise, be flexible and be creative [9]. Based our opinion, one way how to improve
pupils’ creativity and develop both critical and creative thinking is through the work
with the construction kits. Under this concept we understand construction kits from the
simplest ones to the ones that integrate the knowledge of electricity, mechanics,
informatics and cybernetics, It is necessary to teach pupils how to look at the problem
in a comprehensive way and how to use all the knowledge and skills in problem
solution. Hducation has to implement requirements of the "Fourth Industrial
Revolution”.
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CONSTRUCTION KITS AS A TOOL FOR DEVELOPMENT OF
PUPILS' TECHNICAL LITERACY AND TECHNICAL CREATIVITY —
CASE STUDY

M. Hubalovska
Univerzity of Hradec Kralove (CZECH REPUBLIC)

Abstract

The technology and technique are deeply implemented in everyday life. The technology development
influences the overall quality of the sociely as well. Although almost every person has the latest
technical means and can handle digital technologies, there is still a lack of technically educated
people. The deficiency of technical literacy and technical creativity is manifested by the scarcity of
technical experts caused by reluctance and insufficient interest of students to study technical
disciplines. Experts have confirmed that the problem needs to be solved from primary education
through the development of technical literacy and technical creativily. The case study describes the
possibilities of the development of technical literacy and technical creativity in primary schools, which
is also the scope of this paper. The main principle of developing the technical literacy and creativity is
based on use of the construction kits. The kits mentioned in the paper develops not only the technical
creativity but they support development of thinking also in the fields of science, ICT and mathematics.
Moreover, the paper presents the results of a research investigating change of pupils' attitudes
towards technical disciplines. The task was given to primary school pupils from the sixth grade. They
had to construct a model of a robotic hand from the Fischertechnik Robotic kit. The pupils worked in
three-member groups. The qualitative research has identified pupils' ability to work according to the
instructions manual, their ability to work in a team, their creative skills. The difference between girls
and boys was investigated as well. The quantitative research has monitored the quality of the resulting
model. The questichnaire survey outlined the pupils' interest in creative activity, satisfaction from
creative activities and interest for further creative activities. The study has demonstrated that activily
with a construction kit is interesting for pupils. Pupils were satisfled with creative activities. Pupils
demanded continuation and were interested in creation of more complex technical models. Some
pupils were motivated to create their own maodels without any instructions. The results of the research
are discussed in the paper in detail. The results of the presented research confirm that pupils'
technical literacy and technical creativity can be supported by the use of a construction kit during
technical education.

1 INTRODUCTION

The education system in the Czech Republic starts in kindergartens. The kindergartens educate
children aged three to six years. The kindergarten education is followed by elementary education. The
elementary education is divided into primary and secondary levels. The primary level is from the first
grade to the fifth grade, the secondary level is fram the sixth grade 1o the ninth grade. The elementary
education is followed by the high school education and then higher, tertiary, education. The paper
deals with education at the secondary level of elementary schools. The paper focuses on the
development of technical education. In the curriculum of the elementary education, there is only a few
lessons devoted to technical education. The education system is more focused on the humanities
rather than technical subjects [1]. This fact is also reflected in practice. Currently, there is a rather
substantial shortage of technically skilled professionals. Technical education is also currently
considered to be essential for sustainable development {2]. There is a only few lessons of technical
subjects at elementary schools in the Czech Republic, as mentioned above, thus the pupils are very
little acquainted with technical issues. From our own experience, we know that there is very litile time
in the classes of technical subjects to develop pupils' autonomy and lead them to creativity. Pupils
should not only get an overview of various technical fields; they should mainly acquire a relation to the
technical fields in the course of technical subjecls at elementary schools. The schoo! has to develop
pupils' interest in regard to technical fields. The schoo! should develop technical literacy for all pupils,
and the school should facilitate acquisition of following basic knowledge and skills:
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— understand the imporlance and characteristics of traditional and modern materials

— understand the importance of energy and natural resources

— introduce basic technical systems and equipment used in all areas of human activity
— enable each pupil to develop technical skills and develop creative activity

— develop a positive attitude towards modern technology

— develop technical interests and develop professional interest in the technology

One of the ways of developing technical skills and creative activity of pupils is the use technical kits In
teaching of technical subjects.

2 THEORETICAL BACKGROUND

2.1 Technical creativity

Creativity is generally defined as the ultimate way to solve problems [3]. Another formutation defines
creativity as the making of new original creations in all areas of human activity [4]. Most definitions
define the term creativity as a process where something new, original is created. Some authors [5]
define creativity as a phenomenon, which in most cases is associated with originality and usefulness.
Author Pecina [6] shows the relationship between originality, usefulness and creativily, Fig. 1.

orlginallty maximum creativity

usefulness

Figure 1. The relationship between originality, usefuiness, creativity {6].

Technical creativity is a specific type of creativity. "Technical creativily can be defined as the ability to
change the world around us to create new useful values in the technical area.” [7]. The authors [8]
understand the creative activity related to the technology, fully engaging the pupil with the technical
objects and developing active, independent activity of the pupil. KoZuchova [7] presenis the
requirements that are necessary for the development of pupils technical creativity:

— use of knowledge from technical and natural sciences
—~ knowledge of methods and procedures to help students solve problems of technical nature
— motivate pupils to technical creativity
— age adequacy and pupil abilities.
The development of technicat creativity can be understood in two levels [6]:
— problem solving of a technical nature
— solving a practical task when working with technical materials, building kits elc.

2.2 Fischertechnik Robotic kit

Developing technical creativity and technical thinking can be supported by the use of building kits.
Children in kindergarten have a relatively large space for work with building kits and by doing so
children develop the abilities of assembling and disassembling. Children discover and begin to
understand basic principles of mechanics using the building kit. Children can also discover elementary
laws of physics, mainly mechanics. The building kit is not only widely usable in pre-school age, but it
also has a significant place at elementary schools. As stated above, it is important to develop pupils'
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technical thinking. The basic principles and rules of mathematics, physics, mechanics, statics,
electricity, informatics and robotics can be demonstrated through the building kit. The Fischertechnic
has a special building kits for use in schools. This series is labeled "education®.

3 RESEARCH PROJECT
3.1 Methodology

The aim of the research was to find out the pupils' ability to work in accordance with the instructions
for work, their abflity to work in the team, their creative skills and we also subsequently evaluated the
quality of the resulling model. A questionnaire survey outlined the pupils' interest in crealive activity,
creativity satisfaction and interest In other creative activities. The research was conducted on the sixth
grade pupils at the primary school in Hradec Kratove, Czech Republic. There were 26 pupils in this
class. The pupils were divided into two groups in the subject called "work activities". The first group of
thirteen pupils worked with a building kit, the second group of pupils had other lessons, the following
week the two groups swapped their tasks. The pupils were divided into three-member groups, in one
group there were four pupils. One pupil was missing. Four groups of pupils were boys only, three
groups were girls only, and one group was mixed {two boys and two girls). Pupils worked with the
Fischertechnik Rabotic kit. They had to construct a model! of robotic hand.

3.2 Qualitative research

Qualitative research in the form of observation of pupils was conducted while the pupils were working
with a construction kit. The groups have been scored from one to six for each of the observed actions.
Six was the besl result and one was the worst, The research evaluated following:

— abilily to work in a team
— the abilily of pupils to work with instructions
— assembly skills

3.3 Quantitative research

3.3.1 Evaluation of model qualily

Quanlitative research was focused on the quality of the resulting model. The pupils in a group
evaluated the quality of the models of other groups. The model was evaluated by a grade from 1 ta 5.
The results of the research are shown the Table 1.

3.3.2 Questionnaire

The other stage of the quantitative research was realized in the form of a questionnaire. The
questionnaire asked following questions:

1 Scale from 1 to 8:

Did you understand the model assembly instructions? (6 - fully understand,
5 - understand, 4 - rather understand, 3 - sometimes did not understand, 2 — rather did not
understand, 1 — did not understand at afl).

2 Scale from1to 6:

Did you build the model alone? (6 — completely alone, & - rather alone, 4 - with a little help
from classmates, 3 — with a great help from classmates, 2 - sometimes | helped, 1 — | just
watched).

3 Scale from 1to6:

Were you interested in the work with the kit? (6 - maximally interested, 5 - mostly interested,
4 -interested, 3 — rather not interested, 2 - not interested, 1 - interested at all).

4  Scale from 1 to 6:

Did you like the construction lesson? (6 - absolutely liked it, 5 - liked it, 4 - rather liked it, 3 -
rather did not like it, 2 - did not like it, 1 - did not like it at all}.
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5 Scale from 1 to &:

Do you want more of these lessons? (6 - definitely yes, 5 - yes, 4 - rather yes, 3 - rather not,
2 - not, 1 - definitely not}

3.4 Research resulis

3.4.1 Qualitative research - Restuiits of observation

Pupils groups were monitored during construction activities. Four groups consisted of only boys
{groups No. 1, Na. 2, No. 5, No 6), three groups consisted of only girls (No. 3, No. 4, No. 7} and one
group consisted of two girls and two boys (No. 8). There were 5 groups, where one pupil became a
leader and organized aclivities of other pupils {(No. 2, No. 3, No. 5, No. 6, No. 8). They were mostly
students who already had some experience with construction activities. There were two groups, where
the roles were not divided, but these groups worked well (na. 1, no. 4). Group No. 7 often led disputes
during lesson. Among the groups there were significant differences in their design abilities. Working
with the instructions was a big problem in certain groups (namely groups No. 1, No. 7, No. 8). It look a
lot of time for these groups to starf the work with instructions. The assembly of the model was mainly
done by pupils experienced in constructions. All pupils were not involved in this activily, because some
pupils merely watched. Based only on the observation, it is not possible to say whether there is a
difference between girls and boys in their ability to construct.

3.4.2 Quantitative research — Evaluation of quality of resulting model

The result of the research are shown on the Table 1.

Table 1. Evaluation of quality of resuiting model.

Group Numbe . Grage
Group No, 1 1
Group No. 2 2
Group No. 3 2
Group No. 4 3
Group No. 5 2
Group No. 6 1
Group No. 7 1
Group No. 8 2

3.4.3 Quaniitative research — Questionnaire

The results of the Question 1 (Fig. 3) show that 21 pupils (84%) understoad the model construction
instructions. Problems with understanding the instructions had 4 pupils {16%).

1. Did you understand the model assembly
instructions?

PR

6 » absolutely 5 - understand 4 -rather 3 - sometimes 2 - mathernct 1 - notateall
understand understand notunderstand understand  understand

-

s

¢

=Boys B Gids @ Total

Figure 3. Did you understand the model assembly instructions?
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Figure 4 represents the cooperation amang pupils in the group. The model was created by 7 pupils
(28%) alone or with litfle help from classmates. The classmates helped to 9 pupils (36%) with the
creation of the model. Four pupils {16%} helped occasionaily and 5 pupils (20%) were only watching.

2. Did you build a model alone?
10
3
&
4
2 L
6-absolutely 5 -rather 4 -litle Lielp 3 - greathelp 2 - sometimes 1 - just
alone alone from ~ from T helped watched
classmates  classmates

gBoys #@Girls ©Total
Figure 4. Did you build the model alone?

The question 3 (Fig. 56) established wiether the pupils were interested in the work with the building kit
during the tesson. Seven pupils (28%) stated that the work with the kit is maximally interesting, eleven
pupils (44%) stated that the work with the kit is mostly interesting, four pupils {(16%) stated that the
waork was interesting. Twenty two pupils (88%) — 86% of boys and 90% of dirls positively evaluated the
design activities.

'

; 3. Did you interested in working with the kit?

12
{1
8
6
4
2
0 = M EE
6 - maximally 5 -most 4 « much 3-not 2 - not 1 very not
interested interested interested interested interested interested
rather
#Boys #Girls # Total

Figure 5. Were you interested in the work with the kit?

The question “Did you like the construction lessan?” was answered by most of the pupils positively. —
This answer was given by 20 pupils (80%), 12 boys {86%) and 8 girls (73%]), see Fig. 8
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4. Did you like construction lesson?

I 4

‘ 6 - absolutely 5 - likedit - rather liked 3 - rather did 2 - did not like 1 - absolutely

| likedit it not like it it did not Hke it

aBoys #Gids & Total
Figure 6. Did you like the construction lesson?

Question 5 “Do you want more of these lessons?" was answered with definitive yes by 20 pupils (80%)
— 12 boys (86%]}, 8 girls (73%), see Fig. 7.

5. Do you want more of these lessons?

25

20

15

10
s
e -
6 - definitely 5-yes 4 - rather yes 3 - rather not 2 - not 1 - definitely
ji yes not
t gBoys ©Girls ¥ Total

Figure 7. Do you want more of these lessons?

4 CONCLUSION

The research results show that pupils are interested in practical lessons. It was ascertained that pupils
would like to have more practical lessons in the course of school education. Both boys and girls were
interested in constructive activity almost without any differences. It is impossible to unequivocally
determine whether the boys or girls are better in construclive aclivilies based on the observation. The
construction abilities depends on the individual abilities of pupils. The presented paper confirms the
necessity of realization of further research in this area.
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