
 

 

  
Abstract — This paper presents the development of Set for 

Measuring the Transfer Gears and its use in science classes in 
conjunction with teaching computer technology supported by 
interactive geometric software. The goal of developing measurement 
transfer kits for gears demonstration of speed gears is to show the real 
speed of the individual gears in relation to the number of gears to 
pupils of science. For better understanding, the animations of gears, 
drawings of various kinds of gears and gear teeth in interactive 
geometry software were used. Several school science subjects were 
involved in this project and their collaboration resulted in improved 
results of pupils in these subjects. 
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I. INTRODUCTION 
HE preference of methods based upon observation, 
measurements, experimentation and the evaluation of 

real acts, objects and conditions, on visualization and 
modelling, on the active seeking and processing of information 
by the student is substantial for effective science 
education.” [1] 

Natural sciences examine and describe the regularities and 
natural laws of the real world. They are thus sciences based 
upon the learning of natural phenomenon through empirical 
and theoretical methods. The theoretical approach utilizes the 
intellectual activity of the pupils and the empirical one makes 
use of the sensorimotor activities.  

Because of this, the simple transferring approach of passing 
complete and pre-made information is being partially replaced 
by alternative, constructive teaching methods that utilize 
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cognitive methods and also respect individual characteristics 
of pupils. The intellectual activity can be developed by 
introducing of the principles of modeling and simulation to the 
education. 

This paper describes the development of Set for Measuring 
the Transfer Gears. Set mechanism of transfer gears clearly 
defines the ratio between gears. Set is constructed out of three 
motors, one of which is driving and the other two are driven. 
Driven engines therefore represent a speed sensor. As 
a display element, SMPSL measurement system is used [2], 
[3], [4]. The SMPSL system shows the process of the 
measurement on the graph during real measurement 
experiment. System SMPSL is a measurement system using 
a computer in the school laboratory. It is very cheap to 
assemble and the hardware and software are available for free. 
In this case, SMPSL system displays the speed of the driven 
gears.  

The teaching with the support of the Set for Measuring the 
Transfer Gears is conducted through laboratory work in 
physics. Pupils are during the laboratory work verifying if their 
mathematical calculations agree with reality. Following 
aforementioned teaching, for better understanding, the 
dynamic interactive geometry software GeoGebra is used in 
computer technology classes for demonstration of work of 
gears. The mentioned technologies helped students to gain new 
knowledge or to apply the knowledge they already had more 
easily, clearly, quickly and above all more comprehensively. 

II. MODELING AND SIMULATION  
AS EDUCATIONAL METHOD 

A. Modeling 
Many secondary schools as well as upper primary schools 

are realizing that modeling and simulation is becoming an 
important tool in solving and understanding numerous and 
diverse problems [5]. 

To engage modeling and simulation the mathematical model 
of the real system has to be first created. Models are 
approximations of the real system. The model is then followed 
by simulation, which allows for the repeated observation of the 
model. After the simulation's model is verified, a third step 
takes place - visualization of the model and the real system. 

The ability to define a system, to build up a mathematical 
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model and to create a simulation model develops logical 
thinking skills and imagination and is an inseparable part of a 
pupil’s study. 

The main goal of modeling is describe the content, structure 
and behavior of the real system representing a part of the 
reality. 

The first step in the process of computer simulation is 
creation of conceptual/mathematical model of the studied real 
system. The most used representations are of the models are 
mathematical equitation. 

B. Simulation 
The process of modeling is closely related to the simulation. 

Simulation can be understood as process of executing the 
mathematical model. Simulation enables representation of the 
modeled real system and its behavior in real time by means of 
computer. The simulation enables also visualization and 
editing of the model. 

A typical simulation model can be written both through 
specialized programming languages [6] that were designed 
specifically for the requirements of simulations, or the 
simulation model can be created in standard programming 
languages [7]. In our paper the real system is simulated in the 
dynamic interactive geometry system GeoGebra. 

The simulation is very useful from educational point of 
view. Using the simulation model and animation of simulation 
results on the screen, students can better understand the basic 
features of the real systems and develop their intuition. It is 
also essential that the teaching by means of simulation is much 
cheaper and faster than the teaching carried by real system. In 
some cases providing the real system cannot be feasible.  

In our paper the real system - animation of gears will be 
presented. 

The simulation model should be confirmed by real system. 
The real system of the gears can be designed and created by 
means of system SMPSL. 

C. Model verification and validation 
Verification and validation are important aspects of the 

process modeling and simulation [5]. 
In modeling and simulation, verification is typically defined 

as the process of determining if executable computer 
simulation model is consistent with its specification – e.g. 
mathematical model. Verification is also concerned with 
whether the model as designed will satisfy the requirements of 
the intended application. 

Validation is the process of determining the degree to which 
the model is an accurate representation of the real system. 

Validation and verification are both ultimately activities that 
compare one thing to another. Validation compares real system 
and mathematical model. Verification compares conceptual 
model and executable simulation model. Sometimes validation 
and verification are done simultaneously in one process. 

Validation of the mathematical model as well as verification 
of the simulation model of our real system – geers – will be 
tested by SMPSL system. 

D. Multidisciplinary approach 
Another important benefit associated with the modeling and 

simulation of reality is a multidisciplinary approach, without 
which the identification mathematical model and simulation 
model cannot be realized. 

Multidisciplinary approach generally means that specialized 
disciplines are applied in a study of real processes. These 
disciplines provide partial analysis of the processes. These 
mono-disciplinary analyses are integrated to overall solution 
by integrating the solver who has basic multi-disciplines 
knowledge. 

In our case study four disciplines are integrated, namely, 
technical science, programming and mathematics [6]. 

III. SYSTEM SMPSL 
System SMPSL was created by eProDas platform, 

developed in the University of Ljubljana, Slovenia [8]. An 
important feature of the system is the ability to produce it, not 
only due to the very low price, but also thanks to readily 
available libraries and documentation [9].  

 The hardware part of the system is connected via USB. 
The hardware part contains 4 analogue inputs, 4 digital outputs 
and 1 analogue output. See Figure 1. 

 
Fig. 1 - System SMPSL – hardware part  

 
The software part allows the connection of hardware to your 

computer. The software is a user interface for measurement 
using a computer with which users control their own 
measurements, setup, operation and management of the system 
itself. See Figure 2a, 2b. 
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Fig. 2a - System SMPSL – software part 
 
 

 
 

Fig. 2b - System SMPSL – software part 
 

IV. SET FOR MEASURING THE TRANSFER GEARS 
Set for Measuring the Transfer Gears consists of three 

electric motors and of “Merkur” base [10]. One is used as the 
source. Source motor is intended as a driving motor. It is 
powered by an external power supply. Another two electric 
motors are used as driven. These are therefore outputs. 

Set for mechanism of transfer gears serves to demonstrate 
the ratio between the individual wheels. This can be expressed 
using the variable named gear ratio i: 

 

 
Wherein n1 is the frequency of rotation of the driving wheel, n2 
is the frequency of rotation of the driven wheel, d1 is the radius 
of the driving wheel, d2 is radius of the driven gear, z1 is the 
number of gear teeth of the driving wheel and z2 is the number 
of gear teeth of the driven wheel. 

The set uses tooth wheels with a given number of teeth. The 
driving wheel is fitted with 34 teeth. Driven wheels are fitted 
with cogwheels, which have 34 and 83 teeth. The ratio can be 
calculated on the basis of relation. SMPSL system displays the 
resulting stress on the driven wheels. Number of teeth of the 
driving wheel z1 is 34, the number of teeth of the driven gear is 
in the first example z2=34. The ratio is therefore 1:1. In the 
second example, the number of teeth of driven gear is z2=83. 
Output ratio of 1:1 (34:34) is 4.14 V. The output ratio of 34:83 
is 1.67 V. If the number of teeth is introduced into the relation, 
then at a ratio 34:83 of teeth it is 1.7. As can be seen from the 
results, the ratio corresponds mathematically as well as using 
measurement. The real measurement shows theoretically 
calculated values which is the main purpose of measurement 
using a computer [11]. The set for measuring transfer gears is 
shown in Figures 3a, b and c. 

 
  

 
 

Fig. 3a - Set for measuring the transfer gears 
 
 

 
 

Fig. 3b - Set for measuring the transfer gears 
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Fig. 3c - Set for measuring the transfer gears 

V. LABORATORY WORK 
This laboratory work can be processed into prepared 

laboratory protocols. Based on the theory and led by a teacher, 
pupils create predictions (hypotheses), write them down and 
invent a procedure for their verification. The example can be 
seen in the following Figures 4a, 4b and in [12]. 

 
Fig. 4a - Laboratory protocol 

 

 
 

Fig. 4b - Laboratory protocol 

VI. DEMONSTRATIONS USING GEOGEBRA 
In lessons of computer technology, pupils learn how to work 

with a dynamic interactive geometry system GeoGebra [13]. 
Following the laboratory work, drawings of gears and 
animations of gears are shown (Fig. 6) to students in computer 
technology lesson. GeoGebra offers us both manual and 
automatic animation. For the purposes of animation of the free 
numbers/angles, we need Slider in the Graphic view 
(Figure 5).  

 
 

Fig. 5- Slider in GeoGebra 
 

For automatic animation, we first have to right-click on the 
desired object and then select the option “Animation on” in the 
appropriate context menu. Animation can be stopped by 
deactivating this option (we uncheck the option) in the same 
context menu. After activating automatic animation, a button 
labelled animation control appears in the left bottom corner of 
the screen. This button enables us to start and stop the 
animation. In the dialog Properties of the animated object, the 
behaviour of the animation can be changed - the speed of the 
animation and the methods of repeating the animation cycle 
(oscillating, increasing and decreasing). The free number or 
angle can be animated, as well as the dependent point. The 
following figure shows a sample of animation of gears in 
GeoGebra. 
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Fig. 6a – Animation of gears in GeoGebra – Input 36 teeth (taken 
from the materials available in [14], author Matt Arnold) 

 
Green slider in the upper left-hand corner represents the 

angle. With the change of the angle, the rotation of the gears 
occurs. To start, it is necessary to turn on the automatic 
animation (in this case on the Figure 5a just select the Play 
button in the lower left-hand corner). The black slider in the 
upper right-hand corner represents the number of teeth of the 
input gear. To see how the input gear size impacts the gear 
ratio, it is necessary adjust the input gear number of teeth 
(manual animation).  

 
 

Fig. 6b – Animation of gears in GeoGebra – Input 60 teeth (taken 
from the materials available in [14], author Matt Arnold) 

 
Similar animations are freely available from the GeoGebra 

homepage [13] and presented to pupils. Then the pupils have to 
create their own similar (but simplified schematic only) 
animations to represent work of gears. Sketching of various 
types of gears and gear teeth using geometric objects or 
performing calculations of gear ratios belong also to their 
work. Pupils then present their works to the classmates. In this 
project, therefore, there is a curricular collaboration of school 
subjects – mathematics, physics and computer technology. 

 

 
 
 

Fig. 7 –Pupils works in GeoGebra 
 

 Pupils also demonstrate the practical use of gears in 
everyday life. For example, they present pictures or photos of 
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things that they normally use – such as a printer or a bicycle 
(Figure 8, 9). Pupils then explain to classmates how these 
things work. 
 

 
 

Fig. 8a – Practical use of gears in everyday life (from pupils’ 
presentations) 

 

 
 

Fig. 8b – Practical use of gears in everyday life (from pupils’ 
presentations) 

 

VII. FINAL TEST 
After practising aforementioned way of teaching, the pupils 

filled in a test to verify their knowledge (Figure 9).  
 

 
 

Fig. 9 – Sample questions of the final test 
 

The test contains mathematical/physical open-ended 
questions with calculations such as:  

 
The first gear has 60 teeth. The second gear (falling into the 
first gear) has 42 teeth. The third gear (falling into the second 
gear) has 15 teeth. The first gear will rotate seven times. How 
many times will the third gear rotate? 
 

Open-ended questions with short answers also appear in the 
test: 

 
The gearing comprises of several gears. When the largest gear 

will rotate around the 10 teeth, of how many teeth the 
smallest gear will rotate around? 
Which gear is rotating the fastest? 
 

Furthermore, the test includes close-ended questions, an 
example of the simplest tasks are true-false ones such as: 

 
When we want to cover greater distances by a bike on one 
pedal, we need to shift pedals chain into smaller / larger 
sprocket gear and the driven gear to a smaller / larger 
sprocket gear. 

 
The final test results of pupils improved significantly after 

they had been introduced to these new teaching methods. The 
interviews with pupils show that students especially 
appreciated the possibility of creating their own projects and 
connection with reality.  

VIII. CONCLUSION 
Set for Measuring the Transfer Gears for demonstration of 

speed gears using the system SMPSL was used to help to 
demonstrate the gear speed, work of gear and gear ratio. The 
theoretically calculated values and reality were thus confirmed. 
The actual measurements and animations are more 
demonstrative for pupils than only a calculated value in natural 
science subjects. 

It turned out that the results of pupils in the science tests are 
much better when teaching is conducted with the support of 
technologies such as measuring system SMPSL and 
mathematical software GeoGebra and with the curricular 
collaboration of school subjects. In comparison with pupils´ 
results from the previous years, not only the welfare of 
students improved, but also increase of students' interest in 
natural science was detected. 
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