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USING THE RASPBERRY Pi MICROCOMPUTERSIN STEM
EDUCATION IN TECHNICALLY ORIENTED HIGH SCHOOLS

Abstract: The article deals with learning using the projeased method in STEM education. The article
describes the use of ICT technologies, specificilyspberry Pi microcomputers in bending experiment.
The bending experiment was designed for studertiscbhically oriented high schools. Pedagogicaaesh was
conducted to determine whether the knowledge aitid ek students who have been educated by thegrdjased
method in STEM education are more complex, mor¢esyatic and more permanent than the knowledge and
skills of students taught by standard forms of hi/ag: The article presents the results of pedagbgesearch,
which lasted for three years. The results confinat project-based learning and using ICT in STEMcetion
developed complex knowledge and skills in STEM etioo. Comprehensive knowledge and problem-solving
skills are important for the sustainable developnoéechnological education.
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I ntroduction

At present, it is necessary to prepare studenth witcertain vision of the future,
however, given that we do not know exactly whereiedg will go, and even the whole
world, it is necessary for students to learn takhiomprehensively and connect elements
of the mosaic as a whole. So, their skills willlimdter, and their ability to solve problems
will increase. An important element of educatiorthe combination of knowledge from
natural sciences, mathematics, information techgyolind engineering sciences, and these
disciplines should be meaningfully combined, sd tha student or graduate can use their
knowledge in practice. The education supporting vabenentioned is based STEM
education (Science, Technology, Engineering, andhbfaatics). Many authors define
STEM teaching using the definition we quote hereSTEM education is
an interdisciplinary approach to learning whereomigis academic concepts are coupled
with real-world lessons as students apply scienmghnology, engineering, and
mathematics in contexts that make connections letwehool, community, work, and the
global enterprise enabling the development of STH&tacy and with it the ability to
compete in the new economy” [1]. At present, a nemtdif authors deal with the issue of
STEM teaching (see for example [2-11]), which aggplarious approaches both from the
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point of view of research and from the point ofwief the application of STEM teaching in
pedagogical practice.

If we return to the abbreviation STEM we will séwtt letter S which means, which
includes not only physics but also chemistry andrembroadly, biology and ecology.
At the same time, we can say that while the probleinteaching physics are strongly
intertwined with the teaching of mechanics andtelesl engineering, the issue of teaching
chemistry is intertwined with the teaching of matkr sciences. These subjects are also of
interest to the study of many subject didacticsesSEhsubject didactics address a whole
range of issues from school experiments and tekthdo the classroom climate [12-14].
Given the current problems of environmental potintand the need to achieve emission
reductions, it is also desirable to link STEM taaghwith ecology and environmental
protection teaching. This issue is again signifisanrelated to the teaching
of chemistry [15-17].

In Czech Republic existed many of technically otéeh high schools, whose
curriculum is devoted to mechanical engineeringlectrical engineering (Czech name for
this high-schools is "Stredni prumyslova skola“ccarding to the classification based on
terminology used in the Bologna Process documéhése are schools corresponding to
higher secondary schools.

This type of school is attended by students for fgars. Students start attending this
type of school at the age of fifteen. Nowadays nmaowd more high schools implement to
their curriculum modern interdisciplinary orientédciplines such as mechatronics.

However, learning at these schools is still basedraditional approaches. It should
also be emphasised that even in the case of tepdhierdisciplinary subjects (such as
mechatronics), teachers use classical learningadstand do not combine knowledge from
different subjects effectively.

The typical composition of the school’'s subjectsuged in technically oriented high
school is shown in Table 1. This table was compited the basis of an analysis of
accreditation materials, class books and schoabge&s of individual technical secondary
schools operating in the Czech Republic in thequeti971 to 2020. The number of hours
listed in the table may vary slightly from schooldchool, as these are the most common
hourly allowances for individual subjects. The @ntof some technical subjects may also
vary from school to school, which is often duehe fact that a school cooperates with one
of the local companies. This cooperation betweelividual schools and local employers
was particularly strong in the 1970s and 1980s. Siigects most significantly affected by
the school-employer interaction are included intdi#ge under the name of engineering.

In the table, we have compared the situation in119%992, 2005 and 2018.
The subject’s structure corresponds to the learngajsed from the 1990 to the present.
This curriculum is still modified from sixties ofventy century. Prior 1990 no computer
sciences were learned at the high school. Howdhisrdoes not mean that they cannot get
acquainted with computer technology at any highosthAt some electrical engineering
high schools, students were able to become acquhinith the first computers in
laboratory classes dedicated to low-current eleatso Most often, however, young people
were able to get acquainted with computer technolithin the activities organised by the
so-called “houses of science and technology” witlie hobby activities. Two types of
computers were developed and manufactured in Cstmlakia for educational purposes.
One of them was the 1Q-151, which made it posgiblork with the BASIC programming
language. About two thousand, of these computetsobuhe four thousand originally
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ordered were delivered to schools. This computer heen used mainly in universities.
The second computer that was used for teaching WBH-80, a single-board
microcomputer produced by Tesla Piestany [18-20].

From 1991 information technology and computer smerubject are introduced to
learning at high school education, but on the eowirthe donation of science and
technology subjects (physics, mechanics, engingertechnical drawing, geometry)
decreases (Table 1).

In this table we can see changes in time allocatafrindividual subjects in the study
program of a high school focused on mechanical regging. When we talk about the
structure of subjects taught at this type of highosls, it is necessary to realize that the
student encounters computer technology in sevetaka
a) informatics as part of general education,

b) computer technology as a tool used in desigAD @rograms,
c) preparation of students for operating CNC mag$iin
d) robotics and automation.

The following subjects correspond to these areastodly in Table 1: Computer

science and informatics; Robotics and automatidk) @esign; CNC machinery.

Table 1
The typical composition of the school's subjectsif®d in technically oriented high school - culticubased on
mechanical engineering

1971 1992 2005 2018
Grade 1(12[(3(4|1|2|3|]4|1]|2]|3[4[]1]|]2]3]|4
Subject
Mother tongue 2| 2 2 2 2 Y P P R 2 2 |2 |2 |2 |2 |2
Mathematics 4 4] 4 4 4 4 B8 4 ¥4 3 [3 |3 [3 |2 |2
Foreign language 4 2 p 2 R 2 |12 (2 |2 |2 |2 |2 |2 |2]|2
Physics 2| 2 2l 2 4 1 P
Chemistry 2 2 1] 1
Social science 1 1 1 | L 1 1 1
Mechanics 3| 3| 3 2 2 p. ) p 2 |2
Engineering 2| 3| 3 2 2 2 p P R R |2
Machine design 3 p. 2 P g |2
Metrology and measurement 2 |2 3 2 |2 2
Mechanical technology 3 3 4 4 4 @4 4 4 14 |4 |3 |3 13313
Technical drawing 3 2 4 2 B il
CAD design 4 2 22 2 1 2
Descriptive geometry 3 7
Electrotechnics 2l 2 2 3 p P 2 |2
Robotics and automation 2 B3 2 |2 5 |4
Computer science and 4
informatics 2|2 2020 2 3 3 3 3§ 9
Workshop practice 3 3 6 @ B B B 3 |2 2 |2
CNC machinery 1 3 3 B B B
Economics 2 1 1 7 2 p p P
Total time donation 28 28 2B 28 26 B0 P8 |27 |26 |28 | 26| 25| 29 2§ 2

We will now look at a pair of closely related sutigin the Table 1, these subjects are
"Technical Drawing” and "CAD Design”. We used thdse names to distinguish lessons
in which students learn to draw technical drawibgshand on paper and lessons in which
students learn to create technical documentatiorgus CAD program. In fact, we would
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usually find only a subject called "technical gragsh in the curricula at present, which
includes both of these terms. In the past, theestibyas usually referred to as technical
drawing, and students worked with a pen and inkdreev drawings on paper. The relevant
subject with this name was and still is taughthia first two years of study. Skills obtained
in lessons of "Technical drawing” are intensivelsed and further developed in practical
exercise connected with subjects such as "machants”por "construction and operation of
machines”, the theoretical part of these subjecteferred to in the table as "engineering”.
As we can see in the table, in the 90s of the tiwntentury, students became acquainted
with CAD or computer-aided design only at the eridheir studies. Here it would be
appropriate to say that the work on technical dngwiand design of machine sets has
always represented the majority of homework of ehtsl of schools with engineering
focus. We are all the more surprised by the fdett donation of the subjects of technical
graphics and CAD design is also decreasing in tinectilum.

Materials and methods

L earning of mechanicsat technically oriented high school

Students at high school are already familiar with most basic form of the Hooke’s
law. Mostly it is in the 1st grade (technical higbhool with curriculum oriented on
mechanical engineering) or the 2nd grade (in tlse od curriculum based electrotechnics).
First, students are only familiar with the basicnfoof this law for the tensional loading.
Further, the high school curriculum differs strogngiccording to the school orientation.
Technically oriented schools, especially schootsi$ed on mechanical engineering place
considerable emphasis at the learning of mechaAicthese schools, mechanics is taught
as a separate subject for two and mostly threeegrathe students will learn about process
of deformation in the elastic area, meaning of epitg such as yield stress, ultimate stress
and Young's modulus E. The students are learnesotee simple tasks such as beam
deflection in these different cases: cantilevemielbeam simply supported at ends, these
beams are under load of both concentrated loaduaifdrmly distributed load or load
distributed by some function (most often linearpu@se of mechanics is in all these cases
reasonably supplied by practical learning in theotatory. The demonstration experiments
have great impact on the students. Many school leh&e a tension testing machine
available or are able to perform other tests of maatal properties of materials [21-26].
These devices are ideal to demonstrate Hooke'silawinear growth of deformation to the
yield valueoy and the ultimate strengih,. Other experiments are possible realized with
much professional equipment. Despite this facty tae often neglected in learning. Such
experiments are described in this paper, in tHevidhg paragraph

Proj ect-based method of learning

The most frequently implemented elasticity experimat technically oriented high
schools is tension experiment. In the following #tedent’s project aimed at determining
the modulus of elasticity from the bending expenigill be shown. The student’s project
is based on project-based method of learning [47-Bliiis experiment was designed by
university students - prospective teachers, ofysprgram teaching of technical subjects
for basic course of mechanics and robotics. Thas#ents have their praxis teachers at
technical high school (higher secondary school vgthriculum based on mechanical
engineering) and they prepared this experimentajegs for students of the second grade.
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M echanics and theory of elasticity
Theory of the tension experiment

The experimental sample (flat bar or beam) is Idaole tensional forces to the final
rupture. The acting forces are relatively high aesting device requires strong reliable
frame. The experiment is mostly performed to finglture of the sample. The experiment
is based on simple formula [32]:

o F;
E===— 1
E S-E @
where: Ft is tensile force which cause elongation of thenle@ is cross section, E is
modulus of elasticityg is tensile stress ands relative elongation defined as ratio between

increments of lengthL and original lengtiy, of sample - see Figure 1:
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Fig. 1. The tension experimenty - initial length of beamAL - length increment of the beam,
S- cross-section of the beaRs; - loading force

The valuedL can be measured using a sensor controlled by coimputer.
The elasticity modulus E can be easily calculatethfEquations (1) and (2):
FT * LO
E= 3
S-AL ®)
While the machines used for tensile experiment tsetdchnical laboratories often

work with hydraulics, in a school experiment weiderthe tension force using weights.
Tensile forceFt will be now:

Fr=m-g (4)
wherem is mass of weight and g gravitational acceleratiome to the fact that in this way
the students will not be able to derive the fornesded to significantly stretch the metal
samples, the experiment should be performed oasiplrod.

Main disadvantage of this experiment is fact, tltatis necessary to measure
considerably long samples (about two meters ande)ndecause the extension must be
detectable by standard sensors.

Theory of the bending experiment

Although the bending experiment is more complicateathematically than tension
experiment, the advantage of this experiment istti@bending can be easily measured by
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standard sensors with standard bending force calbgedrdinary weight. The bending
experiment enables measurement of the Young’s medéifor metal’s sample.

Figure 2 shows beam supported at ends. This betoaded by the force located right
in the middle. When the beam is loaded by bendorgef it bends. Students can easily
observe the decrease of the middle part of the b&am sag we will call deflection of the
beam.

The deflectioY can be calculated by equation [33]:

Fg- L3
_B = (5)
48-E-1
where4Y is deflection,L is length of beam (respectively distance betwaeparts) and
| is the cross-section moment of inertia (this qugns also called the second moment of
area).

AY =

Fy

AY

b% L2 L2

L L

= =

Fig. 2. The bending experimett:- initial length of beamyY..x- maximal deflection (sag of the beam),
Fs - bending force

For teaching purposes, it is best to use a baectfngular cross-section with side
lengtha andb. In this example, we can best explain to studgrggphysical significance of
the cross-sectional moment of inertia. Both sidéshe cross-section are significantly
different, b is much smaller tham. Such a bar bends slightly if the loading force is
perpendicular to side with length The deflection is thus easily visible and mealsigra
Conversely, if the loading force acts perpendicuiarside b, the deflection is not
observable. In this way, the teacher can easilfa@xpo students the meaning of the power
in the formula for the cross-sectional modulusnefriia [33]:

= ©®)
12

By comparing the Equation (6) and observing theeerpent, the students clearly
deduce that the resistance that the bar puts tbehding force increases with increasing
thickness of the amplified side. In the same waycae then explain the meaning of k the
resistance moment W.
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The Young’s modulus E can be calculated from Equafb) and (6):

FB . L3
=—"= - 7
E 4-AL-a-b%¥ @
The bending force is again induced by the weights:
Fp=m-g (8)

Generally, the deflection can be measured not imntiie centre of the beam, but also
in other points of the beam. Moreover, the bendarge can be applied even in any point
of the beam. The situation is shown in Figure 3e Malue ofy is then the general
deflection at a point in the distangdrom the support, which we have already selected a
the origin of the coordinate system.

Fy
.
X
) F, A e
A /
/ 7
y X 1 X
L
= =

Fig. 3. The uncentred bending experiment: initial length of beamAYmx - maximal deflection,
Fg - bending forcex - point of deflection measurement,- measured deflection at distarce
from the beginning of the coordinate system, point of bending force acting

In this case, the deflection can be determinedgudiffierential equation [37]:

2 .

F, = ddy(zx) _ () -x )
x E(x)-1(x)

It is clear, that the equation (9) is too complchto be solved by high-school students.
Despite this fact, the general deflection of tharhés discussed in high school. Generally,
students receive a list of basic solutions - tyibpida a table, with a sketch of these specific
beams. Then, students simply substitute numeriahleg into formulas. Some teachers
require knowledge of these tables by heart. Whishgeneral, cannot be considered as
suitable method for learning and knowledge testilmg.this case, students have this
knowledge stored only in short-term memory andeheitl be no actual acquisition of the
curriculum.

Automation of experiments
Raspberry Pi microcomputers

Recently a number of inexpensive learning platfohamge emerged in the world, such
as Raspberry Pi. Raspberry Pi is particularly widesd, and its advantage is modular
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character. The name is used for both, opensouritesse and hardware developed by
Raspberry Pi Foundation [34-41]. There is a whalege of Raspberry Pi microcontrollers
and microcontroller kits.

These microcontrollers differ in performance andeotparameters, as well as in use.
These single-board microcontrollers for buildingitdil devices and interactive objects can
control small robots or different type of mechanidased on stepper motors and the
sensors for measurement of physical quantitiessdteols are most often known due to
their use on various walking robots. However, ladise sensors can be effectively utilised in
the school laboratory in physics.

The Raspberry Pi was especially developed for @iz One advantage for
educational exploitation of Raspberry Pi is thet fdtat hardware components are mostly
cheap. So cheap, that it is possible to be usefuglents at home.

The Raspberry Pi used number different of measemnerdevices and detectors not
only to determine basic electrical quantities salgttric-current or voltage, but also more
sophisticated measurement sensors such as ultasamjing detector for non-contact
measurement and obstacles detection. There ardiffls@nt types motion sensors and two
or triple axis accelerometers [42, 43]. Also, sesstor measurement humidity and
temperature of environment are available. The dpgyaystem used by Raspberry Pi is
Raspberry Pi OS its older versions were called Biasp This operating system is based on
Debian 32-bit. However, other OS are also commarslgd. Main programing languages
for Raspberry are Python and Scratch. It shoulddied here that Scratch is often used to
teach the basics of algorithms not only in highosdé but even in primary schools.

Fig. 4. The 3D model of testing device with muktigdieces of sensor (the other sensors in the fime a
drawn in a thin line): 1 - sample beam, 2 - movadpport, 3 - fixed support, 4 - sensor,
5 - weight, 6 - frame
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Bending experiment based on Raspberry Pi microcomputers

The experimental device consists of a frame on e support of the gauge is
placed. The loading and hence the deflection naeantrolled manually. The easiest way
to achieve a certain load on the beam is to haagwttight on the beam. The deviation
value is then also deducted manually.

However, the whole process of the measurement @naudtomated. First, the
deflection can be measured by a position sensbctmmunicate with the computer.

If relatively large deflection is measured, ultma®o sensor can be used for
measurement. The sensor is placed on the frameealbw bent beam. The sensor
transmits information to the microcomputer inforioat about the drop of the beam
underneath (Fig. 4).

9

Fig. 5. The 3D model of testing device with movabdmsor and loading mechanism: 1 - sample beam,
2 - movable support, 3 - fixed support, 4 - y-adeied sensor, 5 - loading mechanism, 6 - frame,
7 - stepper motor, 8 - ball screw, 9 - positionseerin the direction of x-axis, 10 - upper hinge
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The elastic modulus can be calculated from theed#fin even if the deflection is not
measured in the centre of the beam as well asahdithg force is not acting in the centre of
the beam, see Equation (9). It would be advisabtee device will be able to measure the
deflection for more than one point on the entirggth of beam. The simplest experimental
solution is to place multiple sensors on the frame.

The other experimental solution is placed the seasdhe movable platform and scan
the surface with it. The movement can be securebablyscrew or trapezoidal screw and
stepper motor. These elements can be obtained asssacies for robotic Kkit.
The measurement assembly with movable sensor W8rshioFigure 5. The loading process
can be automatized. The bending force can be medéyrelectronic force-meter.

Pedagogical research

Resear ch question

Within the research the answer to research questas found out. The research
qguestion is: “Are knowledge and skills of studemtho have been educated by the
project-based method in STEM education more compiasre systematic and more
permanent than the knowledge and skills of studenight by standard forms of teaching?”

Resear ch methodology

The research was conducted in the years 2017-ZU0#9research was carried out in
technical high schools (high schools with spediiim in mechanical engineering) within
three years research project.

Experimental group (EG) of students were taught for three yearsimlay:

» about 40 % of working time was taught in learnbigcks of 5-6 hours devoted to
work on the projects - project-based method in STdfMcation;

* remaining time was devoted to standard form akdms in classes based on the
teacher’s interpretation, as well as on individwadrk of students consisting of
counting examples, etc.

Control group (CG) of students was taught by standard form afrimg for three
years.

The knowledge and skills of students was monitored:

1. after the first year of the study,
2. after the third year of the (at the end of thgjqrt).
Testing covered all areas of STEM education, i.e.:
1. Science - knowledge and skills from mechanicshysics;
2. Technology - skills i.e. in programming, robsticnechanical technology;
3. Engineering - design of mechanical parts, appba of sensors for measurement;
4. Mathematics - i.e. application of mathematiasrfomerical problem solving.
Results

The answers to the research questions were foundbyuypedagogical research.
Students were divided to two groups:
«  Experimental group of students (EG), 63 studehtechnically high schools;
e Control group of students (CG), 57 students offitécally high schools.
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The research was carried out in technical high alshwithin three years research
project detailed described in paragraph "Pedagb&eaearch”.

The results of the research are shown in Tablesd23a Subjects tested in these two
tables corresponds to the testing in areas listanprevious paragraph. Student testing was
based on an in-depth assessment of students’ akilknowledge. Thus, students were not
only tested for their ability to solve typical ptems characteristic of school written work,
which is a typical basic limitation of classicaassification and testing of students in school
practice. Nor was it a simple testing of so-caliatly prerequisites. Students were partially
evaluated on the basis of their ability to solveyéa tasks corresponding to the tasks that
graduates of technical schools have to solve intigen Such tasks are interdisciplinary in
nature. In solving such tasks, the student musitbe to effectively use knowledge from
various fields. The skills and knowledge of thedstuts were therefore evaluated from
several perspectives, so that the researchersdyétieewidest possible overview of the
achieved abilities, skills and knowledge of thedstuts.

The scale of testing is from value 1 to value 10geme 10 is the best. The Table 2
shows research results after the first year ofgatogducation. The Table 3 shows research
results after the third year of project educatiend of the project).

Table 2
Research results after the first year of projeccation
. . Mechanical
M echanics/ . Programming/
Typeof test Physics Mathematics Robotics technol ogy/
Engineering
Group EG CG EG CG EG CG EG CQ
Test with choice of q
answers from areas 7.5 7.6 7.2 8.0 7.2 6.5 8.3 5.
Test of solution of the
examples from student’'s 7.5 7.9 5.5 8.3 7.2 6.5
textbook from areas
Test of script writing 7.2 4.2 8.3 6.3 8.1 5.b
Test of numerical
solution _of bendlng 6.3 o5 6.3 42
experiment in
simulation tool
Solutionofthesmall | g5 | 35| 751 53| 91| 72| 84 s
projects

The average values of testing values after theyfear are:
» average of all testing values:
experimental group: 7.5
control group: 5.9
« average of the last row (solution of the smatljgcts):
experimental group: 8.2
control group: 5.4
The average values of testing values after thd trear are:
« average of all testing values:
experimental group: 7.2
control group: 5.6
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« average of the last row (solution of the smatljgcts):
experimental group: 7.7
control group: 4.8

Table 3
Research results after the first year of projeacation
. . M echanical
Mechanics/ : Programming/
Type of test Physics Mathematics Robotics technol ogy/
Engineering
Group EG CG EG CG EG CG EG CG
Testwith choiceof |7, | 75 | 7, 7.9 7.0 5.7 8.3 5.1
answers from areas
Test of solution of the
examples from student’'s 7.6 7.2 5.6 8.2 7.4 6.5
textbook from areas
Test of script writing 6.4 3.5 8.0 6.4 7.4 5.4
Test of numerical
solution _of ben_dlng 57 20 6.7 42
experiment in
simulation tool
Solution of the small
projects 7.5 3.2 7.1 4.7 8.5 5.9 7.7 55
Discussion

The project-based method in STEM education as aglinultiple test methods used
for testing of students were presented in the papee multiple testing enables covering
more aspects of students’ knowledge and skillsnBwetter, it is not enough to use only
one test method. It should be noted that teachezsounly one formal test very often. It
should be noted that teachers often prepare stdentschool tests, not for solving real
problems. And this obviously leads to erroneouschaions in the application of teaching
methods as well as to mistakes in principles otatan.

The research survey compared the project-basedotheéth STEM education with
standard from of STEM education. The results ofsineey show fact that students’ results
of the control group (group of students that wagka by standard form of lessons for three
years) are better in activities requiring routiepetitive operations or memory knowledge
of the facts. This is especially true when solviegamples from mathematics and
mechanics (test of solution of the examples froodent's textbook). On the contrary,
students of the experimental group (group of sttxi¢imat was taught by project-based
method in STEM education) achieved better resultthe areas of script writing and in
solving small projects, where "logical" thinkingcamprehensive and systematic approach
to problem solving and the ability to work indepenty are required.

The research survey confirms that small enginegpiogects and are important as it
cover development of knowledge and skills of stuslérom several areas. In addition, the
student’s abilities and skills are developed tadatk a problem and to create a proposal for
the overall solution.

The results of presented research survey, in péatiche results of testing students
after three years, confirmed that knowledge antisséf students who have been educated
by the project-based method in STEM education nmoraplex, more systematic and more
permanent than the knowledge and skills of studanight by standard forms of teaching.
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The self-regulation of the educational processi$gumed in the case of project-based
method in STEM education as well as in other a#ttve methods. The self-regulation
affects speed of learning and determination of tsftbrt-term goals as well as ultimate
goals for individual students and also small groupse of the positive consequences of
self-regulation is the fact that a student whol@wver in achieving goals is behind other
students in a certain area, but he does not hawdifisant gaps in the logical structure of
consecutive knowledge and skills. During the furteducational process, the students is
able to at least partially replace these shortcgminn the case of classical teaching
methods, the deficit of skills and knowledge, comeloi with the student’s inability to
quickly follow up on continuing teaching (or newfanmation), lead to a rapid increase in
student demotivation. This demotivation is then ofi¢he most significant factors in the
final failure of students. Self-regulation is etigely applied in teaching from primary
school pupils to university students. Of courséf;regulation can also be applied in more
conservative teaching.

The issue of self-regulation and its many otheraotp on the educational process in
the case of project-based science education in S&éiMation is discussed in a number of
papers such as [44-49]. An recently published larti8cientific Performance and Mapping
of the Term STEM in Education on the Web of Sciéé8] provides interesting summary
of work devoted to self-regulation in teachingcdin be said that the results of the research
survey published in this article confirm that theolwledge about process of self-regulation
is in accordance with the knowledge of the alremdytioned authors. Although it must be
said that the aim of this work was not a deepetystf the influence of self-regulation in
the educational process.

A very important issue in the teaching and learngngustainability of the educational
process. The sustainability of the STEM educatias hot yet been sufficiently mapped in
the literature, as the paper cited above shows [BA]the other hand, it can be said that the
result of the students testing after three-yeag Ipariod presented in this paper confirm
that the project-based method in STEM educationahbigh degree of sustainability. Our
results correlate, for example, with [51, 52].

Students, after finishing their high studies wiither continue their studies at
university or will go into practice. In both caséisey must be able to work independently
and think and solve problems, which is the onlytanability of technological development
and adaptation to constantly changing conditiorend this can only be achieved by
combined teaching method described in this artithe skills and ability to solve problems
enable graduates to adapt and face new challenges.

Conclusion

Over the last 30 years, there has been a signifaeerease in the number of teaching
hours devoted to lessons of mathematics, physidsnagchanics at secondary technical
schools at the expense of hours devoted to compuatence, programming and robotics.
Although the introduction of the teaching of thesew subjects was necessary and
knowledge in the field of information technology adsolutely necessary for graduates
today, it should be borne in mind that a declin&nowledge in mathematics, physics and
other sciences is undesirable for high school gru This problem cannot be solved by
simply increasing the teaching hours, because @96 necessary to pay attention to the
mental hygiene of students, who cannot be overlmadleFor this reason, it is necessary to
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appropriately link the individual subjects and tmaaint and practice the required subject
in other subjects than those in which it was taughe concept of STEM teaching here
provides us with the opportunity to expand the kieolge and skills of students in the work
on a wide range of technical projects. The stu@eguires knowledge of programming,
mathematics and mechanics in a single project. @mseich projects was described in this
article and at the same time the positive effecteafching conceived in this way was
confirmed. The research included two groups, witiraup of students who devoted 60 %
of their time to classical teaching and 40 % ofirthiene working on interdisciplinary
projects achieving slightly better results thandstnts from the control group whose
teaching was organized in a conventional manndfefnces in student outcomes in both
groups may seem insignificant in some cases, sble Babut a very important factor from
a practical point of view is the sustainabilitysiills and work habits, together with the fact
that students are well aware of the interdiscipyinaature of technical issues. The results
presented in this article correlate well with tlencusions presented in the article written
by Rodriguez-Garcia et al. [51] or Mendes et #).[§ is important that the skills acquired
in this way enable school graduates to adapt veel bt work and in further study.

Acknowledgements

The article was supported by the Specific reseprofect SV 2125/ 1440/ 1210, and
it's publication was funded by Specific researchbjgct No. 18/ 21. "Teaching technical
subjects at primary, secondary and high schoolingugmergency measures related to
COVID-19".

References

[ Mohr-Schroeder MJ, Cavalcanti M, Blyman K. STEBtlucation: Understanding the Changing Landscape.
In: Sahin A, editor. A Practice-based Model of STERRAching: Stem Students on the Stage (SOS)™. Sense
Publishers, Netherlands; 2015. ISBN: 9789463000D@2: 10.1007/978-94-6300-019-2_1.

[2] Bybee R. Advancing STEM education: a 2020 visiocTechnol Eng Teacher. 2010:30-5. DOI:
10.1007/s40692-015-0041-2.

[3] English LD. STEM education K-12: perspectivas integration. Int J STEM Education. 2016;3:3. DOI:
10.1186/s40594-016-0036-1.

[4] Becker K, Park K. Effects of integrative appchas among science, technology, engineering and
mathematics (STEM) subjects on students’ learnmgpreliminary meta-analysis. J STEM Education
Innovations Res. 2011;12(5-6):23-370I: 10.12691/education-2-10-4.

[5] Asghar A, Ellington R, Rice E, Johnson F, PriBe Supporting STEM education in secondary science
contexts. Interdisciplinary J Problem-Based Leagn2012;6(2):85-125. DOI: 10.7771/1541-5015.1349.

[6] Falloon G, Hatzigianni M, Bower M, Forbes A,e8enson M. Understanding K-12 STEM education:
A framework for developing STEM literacy. J Sci [Edtion Technol. 2020;29:369-85. DOI:
10.1007/s10956-020-09823-x.

[71 Simpson A, Bouhafa Y. Youths’ and adults’ idéntin STEM: A systematic literature review. J STEM
Education Res. 2020;3:167-94. DOI: 10.1007/s4123@0034-y.

[8] LiY.IntJ STEM Education - a platform to prate STEM education and research worldwide. 1J STHEM
2014:1. DOI: 10.1186/2196-7822-1-1.

[9] Paul KM, Maltese AV, Valdivia SD. Developmemdvalidation of the role identity surveys in erggning
(RIS-E) and STEM (RIS-STEM) for elementary studentd STEM Ed. 2020;7:45. DOI:
10.1186/s40594-020-00243-2.

[10] Ng O, Shi L, Ting F. Exploring differences primary students’ geometry learning outcomes in two
technology-enhanced environments: dynamic geoneaty 3D printing. I3 STEM Ed. 2020;7:50. DOI:
10.1186/s40594-020-00244-1.

[11] Malcom SM, Chubin DE, Jesse JK. Standing OwouBd: A Guidebook for STEM Educators in the
Post-Michigan Era. Am Associat Advancement Sci;208BN: 0871686996.



Using the Raspberry Pi microcomputers in STEM etioan technically oriented high schools 87

[12]
[13]

[14]

[15]
[16]

[17]

[18]
[19]
[20]
[21]

[22]

[24]

[25]

[26]

[27]

[28]

[29]
(30]

(31

(32]
(33]

[34]

[35]

(36]

Kramarova L, ProkSa M. Pupils’ preconceptiaimut heat, temperature and energy. Chem Didadt Eco
Metrol. 2020;25(1-2):79-91. DOI: 10.2478/cdem-2@D5.

Rusek M, Vojf K, Subova S. Lower-secondary school chemistrybmks’ didactic equipment. Chem
Didact Ecol Metrol. 2020;25(1-2):69-77. DOI: 10.34ddem-2020-0004.

Rusek M, Chroustova K, Bilek M, 8ot PA, Hon Z. Conditions for experimental actdstat elementary
and high schools from chemistry teachers’ point w@few. Chem Didact Ecol Metrol.
2020;25(1-2):93-100. DOI: 10.2478/cdem-2020-0006.

Simeonov V. Didactical principles of environntal monitoring. Chem Didact Ecol Metrol.
2019;24(1-2):99-106. DOI: 10.2478/cdem-2019-0008.

Frontasyeva M, Kamnev A. Ecology and socidtypacted ecosystems. Part . Chem Didact Ecol Metro
2018; 23(1-2):7-29. DOI: 10.1515/cdem-2018-0001.

KrzeszowskiS. Evaluation of the usefulness of selected compptegrams in the context of educating
students of the environmental engineering. Chema®idEcol Metrol. 2016;20(1-2):31-7. DOI:
10.1515/cdem-2015-0003.

TiSnovsky P. Legendarni Skolni mikragia¢ 1Q-151 [Legendary school microcomputer 1Q-151].afable
from: https://www.root.cz/clanky/legendarni-skomikropocitac-ig-151/

Bulena B. Ceskoslovenské osmibitové ¢itace [Czechoslovak 8-bit computers]. Available from:
http://studium.chytrak.cz/nostalgia/cs_obit_pc.pdf.

Krej¢itova M. "Domaci poitate” nedavné minulosti ['"Home computers” of the recpast]. Available
from: https://www.fi. muni.cz/usr/jkucera/pv109/xfci.htm.

Winfrey J. Physics | Laboratory Manual with 880 Capstone Supporting Software. Amazon.com; 2015.
ISBN: 9781508778790.

Suca L. Physics4AL: Mechanics Lab Manual, UCID¥epartment of Physics and Astronomy; 2013.
Available from: https://www.scribd.com/document/26@644/Manual-de-pasco-Capstone-experiment-
mechanic-1

Subhash G, Ridgeway S. Mechanics of Materiaboratory Course. Morgan Claypool 2018. Available
from: https://www.morganclaypoolpublishers.com/éagaOrig/samples/9781681733340_sample.pdf.

Al Faruque A, Cooke HG. Impact of Upgradinguifiment for Strength of Materials Labs on Student
Perceptions, Motivation, and Learning, RIT Scholdborks. Rochester Institute of Technology; 2015.
Available from: https://scholarworks.rit.edu/cg#éwcontent.cgi?article=1870&context=other.

Instruction Manual 012-13762D: Materials TagtiMachine ME-8236, Part of the Comprehensive Niter
Testing System ME-8244. Available from: https:/fmsenual.wiki/Pasco-Specialty-And-
Mfg/PascoSpecialtyAndMfgMaterialsTestingMachineM@8@sersManual516790.1189831755.pdf
Barrows HS. Problem-based learning in medi@nd beyond: A brief overview. New Directions Teach
Learning. 2006;(68):3-12. DOI: 10.1002/tl.372199848

Mehalik M, Doppelt Y, Schunn CD. Middle-schostience through design-based learning versustsdrip
inquiry: Better overall science concept learningd aequity gap reduction. Res J Eng Education.
2008;97:71-85. DOI: 10.1002/j.2168-9830.2008.tb@EL5

Morrison GR. Designing Effective Instructiddth Edition. John Wiley Sons; 2010. ISBN: 0470074126
Doppelt Y, Mehalik MM, Schunn CD, Silk E, Kryski D. Engagement and achievements: A case siidy
design-based learning in a science context. J TéctiEducation. 2008;19(2). Available from:
https://www.researchgate.net/publication/229088E&t®jagement_and_Achievements_A_Case_Study_of _
Design-Based_Learning_in_a_Science_Context.

Burdick A. Design without Designers. Materiaté the Conference on the Future of Art and Design
Education in the 21st century held at the Univgraf Brighton, May 22, 2009. Available from:
http://anneburdick.com/Design-wo-Designers/Burdd&sign_wo_Designers.pdf.

Halliday D, Resnick R, Walker J. FundamentélRhysics. John Wiley Sons Inc, USA; 2013. ISBN:
9781118230725.

Hibbeler RC. Mechanics of Materials in S| Hoiit Pearson Education Limited, USA; 2017. ISBN:
9781292178202.

Zachariadou K, Yiasemides K, Trougkakos N.ofwicost computer-controlled Arduino-based education
laboratory system for teaching the fundamentalghaftovoltaic cells. Eur J Phys. 2012;33:1599-610I1:D
10.1088/0143-0807/33/6/1599.

Tinker RF. Microcomputer-based Labs: EducaiiofResearch and Standards. Springer; 1992. ISBN:
9783540615583.

Nayyar A, Puri V. Raspberry Pi - A small, pafug, cost effective and efficient form factor coutpr:

A review. Int J Adv Res Computer Sci Software ERgARCSSE). 2015;5:720-37. Available from:
https://www.researchgate.net/publication/30566862&pberry _Pi-
A_Small_Powerful_Cost_Effective_and_Efficient_Foiffactor Computer_A_Review.



88 Stépan Major, Marie Hubalovska and Maria Wactawek

[37] Chaudhari H. Raspberry Pi Technology: A Reviémt J Innovative Emerging Res Eng. 2015;2(3):83-7
Available from: http://www.ijiere.com/FinalPapenf@lPaper201532874333741.pdf.

[38] Cloutier MF, Paradis C, Weaver VM. A Raspbey cluster instrumented for fine-grained power
measurement. Electronics. 2016;5(4):61. DOI: 100338ctronics5040061.

[39] Zhong X, Liang Y. Raspberry Pi: An effectivehicle in teaching the internet of things in congpigcience
and engineering. Electronics. 2016;5(3):56. DOI3300/electronics5030056.

[40] Reck RM, Sreenivas RS. Developing an affordabhd portable control systems laboratory kit with
a Raspberry Pi. Electronics. 2016;5(3):36. DOI3300/electronics5030036.

[41] Kolling M. Educational Programming on the Rbepy Pi. Electronics. 2016;5(3):33. DOI:
10.3390/electronics5030033.

[42] Karvinen T, Karvinen K, Valtokari V. Make: Ssors: A Hands-On Primer for Monitoring the Real Wor
with Arduino and Raspberry Pi. Maker Media, Inc;AJ2014. ISBN-13: 9781449368104.

[43] Karvinen T, Karvinen K, Valtokari V. Gettingt&ted with Sensors: Measure the World with Eledts,
Arduino, and Raspberry Pi, Make Community, LLC; U2A14. ISBN-13: 9781449367084.

[44] Gil-Domenech D, Berbegal-Mirabent J. Stimuigti students’ engagement in mathematics courses in
non-STEM academic programmes: A game-based leariingv Educ Teach Int. 2019;56:57-65. DOI:
10.1080/14703297.2017.1330159.

[45] Saienki N, Olizko Y, Arshad M. Development tasks with art elements for teaching engineersngligh
for specific purposes classroom. Int J Emerg Techearn. 2019;14:4-16. DOI: 10.3991/ijet.v14i23.559

[46] Mwenda AB, Sullivan M, Grand A. How do Austig universities market STEM courses in YouTube
videos? J Mark High Educ. 2019;29:191-208. DOI1080/08841241.2019.1633004.

[47] Ferrada C, Diaz-Levicoy D, Salgado-Orellana Rgrraguez R. Propuesta de actividades STEM con
Bee-bot en matematica [Proposals of mathematidalitees with a Bee-bot child robot based on STEM
education]. Edma 0-6 Educ Math Infanc. 2019;8:33-A8ailable from: https://www.researchgate.net/
publication/334593444_Propuesta_de_actividades_STiBN Bee-bot_en_matematica.

[48] Sigal M, Jacobs S. Preparing for universityn Applied analysis on the E_cacy of 4U and unitersi
level preparatory STEM courses. Can J Scholarsh chilea,earn. 2019;10:1-23. DOI:
10.5206/cjsotl-rcacea.2019.1.7996.

[49] Pyraz GT, Kumpete EG. An example of STEM ediacain Turkey and distance education for sustd@ab
STEM learning. J Qual Res Educ. 2019;7:1345-64.|: DM14689/issn.2148-624.1.7c.4s.2m.

[50] Hinojo-Lucena FJ, Duo-Terréon P, Navas-Parejg,NRodriguez-Jiménez C, Moreno-Guerrero AJ. Sdienti
performance and mapping of the term STEM in edonatn the Web of Science. Sustainability.
2020;12:2279. DOI: 10.3390/su12062279.

[51] Rodriguez-Garcia AM, Lopez J, Agreda M, Moréboerrero AJ. Productive, structural and dynamiclgt
of the concept of sustainability in the educationtld. Sustainability. 2019;11:5613DOI:
10.3390/su11205613.

[52] Mendes JV, Oliveira GR, De Souza LM. The Gerd A sustainability reporting assessment tool.
Int J Sustain Dev World Ecol. 2019;26:428-38. D01:1080/13504509.2019.1589595.



