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Abstract
During technical education it is a very difficult yet essential task to develop the good logical engineering 
thinking of students or pupils. One main part of this thinking is the determination of the optimal set of re-
quired input parameters for the calculation task mentioned above. The LogTreeMM (Logical Tree of Math-
ematical Modelling) method can help to solve this task. The aim of this paper is to show modification of the 
LogTreeMM method to determine the required parameters of a mathematical model by a simple case study.
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1. Introduction

In today's technologically advanced world, 
technical studies play a particularly important 
role. To understand this world and to prosper, 
we must have comprehensive and sufficiently 
profound engineering knowledge. During higher 
education, students meet complex problems and 
tasks which require the identification of the deep-
er connections inherent in them.  These goals are 
summed up by the so-called STEM (Science, Tech-
nology, Engineering and Mathematics) education. 
STEM is a new educational policy approach [1]. In 
this paper the modification of LogTreeMM (Log-
ical Tree of Mathematical Modelling) method is 
presented, which can be used effectively in the 
case of teaching and learning in the engineering 
disciplines. The original procedure is described 
in the literature [2]. The proposed method is a 
well-known graph-based analysis. The method 
systematically shows the solution of an engineer-
ing problem step by step, while showing the con-
nections between the steps as well. It presents 
expressively the logical and physical structure of 
the solution of an engineering task, so the solving 
opportunities of more complex problems can be 
visually clear and interpretable for the students.

2. Case study

The method is presented and illustrated by the 
following simple physical case which makes it 
easier to understand the proposed method. The 
case study is the adaptation of the task, which is 
presented in the article [3] written by Bera and 
Pokorádi, derived from the course book of Gel-
encsér [4]. Basically the logic of solution has not 
been changed, only its representation is different. 
It is important to mention that the method can 
not only be applied within the subject of mechan-
ics, but can be used for any task.

A box with mass m is started from the top of 
the slope with starting velocity v0 (Figure 1.). The 
question is as follows: What is the kinetic energy 
of this box at the bottom of the slope?

Figure 1. Illustration of the Example
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As a first step in answering the above question, 
we should think about possible solutions of the 
given engineering task.

There are two different relationships for deter-
mining the kinetic energy:

	

 	         (1)

                     (2)

Basically, the task can be solved by using one of 
them, so between them an OR logical connection 
is presented. As we can see, two equations are 
presented, so we should choose the calculation 
mode and required data.

If we use equation (2), we should move on the 
“blue solution path” (see Figure 2.), so the re-
quired input parameters will be known, these are 
as follows: mass m AND initial velocity v0 AND 
acceleration of gravity g AND height of slope h. 
Because all of these parameters are needed, be-
tween them the AND logical gate should be intro-
duced.

The other solution is solving equation (1). These 
pathways have been marked in brown, green, red 
and orange.

To solve equation (1) we should know the fol-
lowing parameters: mass m AND initial velocity v0 

AND acceleration of gravity g AND length of slope 
L AND angle of slope α.

The most interesting is the angle of slope α. This 
parameter can be determined directly (see red 
path), and by using lots of trigonometric relation-
ships. These relationships are depicted by equa-
tions (3) – (6).

Using relationship
 

		  (3)

we should know height of slope h AND length of 
slope L.

If we use equation

 		  (4)

the horizontal spread of the slope S parameter 
should be known too.

 In case of using equation

		  (5)

the required parameters are height of slope h 
AND horizontal spread of the slope S.

The application of equation

		  (6)

requires height of slope h AND horizontal spread 
of the slope S parameters, as in equation (5).

The red-colored solution method in Figure 3. 
uses only equation (1), for which mass m, accel-
eration due to gravity g, length of slope L, initial 
velocity v0, and angle of slope α parameters must 
be known. In this solution method, α is treated as 
a basic variable as well, so we get it directly after 
the OR gate, and the usage of any other equation 
and parameters are not needed.

However, in the case of the green path of Fig-
ure 3., it is no longer a simple task, because equa-
tion (3) must be used in addition to equation (1). 
The required parameters for this are mass m, 
acceleration of gravity g, length of slope L, initial 
velocity v0 and height of slope h.

In the case of orange version, we should use 
equations (4) and (1), for which mass m, accelera-
tion of gravity g, length of slope L, initial velocity 
v0 and horizontal spread of the slope S variables 
are needed.

If equations (5) and (1) are to be used (brown 
path), the necessary parameters are mass m, ac-
celeration of gravity g, length of slope L, initial 
velocity v0, horizontal spread of the slope s and Figure 2. The “blue solution path”
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height of slope h. With this diagram, however, the 
solution method using equations (6) and (1) can 
be illustrated as well; since horizontal spread of 
the slope S and height of slope h parameters are 
also needed to solve the arcus cotangents func-
tion.

After each version of the solution are taken into 
consideration, we must look at the summary fig-
ure showing all the paths and think about what 
conclusions can be drawn from it. In Figure 3. the 
most striking and most spectacular fact is that 5 
different modes can be used to solve the problem 
of the task, if equation (6) is not considered as a 
separate solution.

It can also be seen clearly in Figure 3. that the 
shortest and easiest path belongs to the blue 
version, where knowing 4 basic variables are 
enough. By contrast, for the brown-colored solu-
tion, 6 variables must be known and used to suc-
cessfully complete the task. These variables are 
initial velocity v0, acceleration of gravity g, mass 
m, length of slope L, angle of slope α, height of 
slope h, from which we can easily deduce that this 
path requires the most parameters, so this is the 
longest of all.

In addition, the figure shows that initial veloc-
ity v0, acceleration of gravity g, and mass m pa-
rameters are necessary for all solutions with all 

Figure 3. The logical network of the sample task
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five times, since these variables are used by all 
solution paths. Since these are basic variables, 
we need to know them from the description of 
the task, and g as a physical constant, which is the 
internationally accepted basic value of accelera-
tion.

3. Summary
In this paper a modified Logical Tree of Mathe-

matical Modelling method has been shown using 
an easy case-study.

We think that the guidelines set out in the STEM 
approach can contribute to a more successful ed-
ucation. It is important to focus not only on the 
superficial learning of the curriculum, but also to 
try to apply this knowledge and to deepen it in the 
learning process.
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