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„In situ“

Faculty of Mechanical Engineering STU

Department of Mathematics and Physics

• Yearly about 300 university freshmen

• Accepted without entry exams

• Constant decline in mathematical knowledge

• Weakly motivated students – reasons?

• High drop of students after the first semester – insufficient knowledge!
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Basic courses at bachelor programes: 

• Mathematics I, Mathematics II, Mathematics III          
Numerical Mathematics, Basics of Statistics                  
Constructive Geometry, Linear Algebra, Differential Equations 

Optional courses at master programes: 

• Statistical Analyses, Applied Mathematics, Algebraic Structures 
Systems of Differential Equations

Selective courses at Phd programes:

• Optimisation Methods, Selected Parts for Mathematics    
Special Differential Equations 

„In situ“
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Tested in eduScrum within the project DrIVE MATH 2017-2020

• winter semester of the academic year 2018/19

• basic Mathematics I course for the first year engineering students 

at the bachelor study programmes

• students solved applications of mathematics in a team

• utilised applications of mathematics were selected from the lecture notes

for specialised subjects taught at the faculty, while some of these were   

introduced in the lecture notes as examples of solved problems

Applications

as motivation?
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According to 

feedback received from 

questionnaire: 

Applied tasks 

caused difficulties 

to 74% of students 

(“very difficult” and 

“difficult”).

eduScrum results
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Motivation

• To develop miniPBL examples dealing with 
important environmental problems

• To use simplified mathematical models to show 
possible environmentally negative development 
with crucial impact on the Planet 

• To introduce miniPBL in 3 different ways at the 
bachelor study groups

• To analyse experience with the introduction of 
this innovative teaching scenario
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miniPBL1 - The growth of trees

The climate changes are among other things caused also by 

the increasing deforestation and decreasing number of 

forests, trees and green vegetation on the globe.

To benefit from the sustainable development and to support 

vegetation growth it is necessary to understand the growth 

of individual trees and be aware of the time necessary for 

the renewal of their missing numbers. 

To grow each particular tree in a new forest it is essential to 

know the time interval required for its cultivation.
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A specific type of tree will grow under suitable conditions with the speed 

inversely proportional to its height.

The tree growth can be described by a differential equation with separable 

variables.

𝑦´ 𝑡 =
𝑘

𝑦(𝑡)
, 𝑘 > 0, 𝑡 ∈ 0, 𝑇 , 𝑇 ∈ 𝑅

General solution of this equation contains constants that can be expressed with 

respect to the determined height decrease of the tree under good 

environmental conditions. 

𝑦 𝑡 = 2(𝑘. 𝑡 + 𝑐), 𝑘 > 0, 𝑡 ∈ 0, 𝑇 , 𝑇 ∈ 𝑅

miniPBL1 - Introduction
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miniPBL1 - Introduction

Mathematics 2 – lecture on ODR I

• introductory information and presentation of problem

• explanation of the mathematical model and its solution

• discussion about possible meaning of constants present in the general 
solution 

• illustrations (in GeoGebra) of the impact of constant variations on the 
form of integral curves

• students´ response on the usage of mathematics to solve currently 
crucial problems

Few students cooperated actively and overall reactions were positive!
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miniPBL1 - Introduction

Illusrations of several integral curves as particular solutions of the differential equation

for various values of constants c and k
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miniPBL1 - Introduction

Different forms of integral curves as particular solutions of the differential equation

for various values of constant c representing environmental conditions.
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miniPBL2 - The waste reduction

The production of waste is increasing with the speed directly 

proportional to its quantity, due to increasing industrial 

production and poor environmental measures. 

To decrease the waste accumulation it is necessary to adopt 

various ecological measures, as recycling of the produced 

waste, decrease in the production, etc. leading to the 

decreased speed of its accumulation and decrease of its 

growth acceleration. 

These adopted environmental measures cannot lead to the 

complete diminishing of the accumulated waste on the planet, 

but they can considerably improve the planet pollution and 

have beneficial effect on the climate changes.
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miniPBL2 - The waste reduction

The accumulation of waste is increasing with the speed equal to 

twice its actual quantity. 𝑦´ 𝑡 = 2𝑦(𝑡)

After adopting strong ecological measures, the speed of the 

accumulation was decreased to be equal to the actual waste 

quantity, while acceleration of this growth was decreased to 

one quarter of the former speed. 𝑦´´ 𝑡 =
1

4
𝑦(𝑡)

The process of waste accumulation can be represented by 

ordinary differential equation, of order I before measures

and order II after the regulations. 

After 2 years there can be visible remarkable improvements and 

considerable decrease in the accumulated waste.
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miniPBL2 - Introduction

Mathematics 2 – two lectures on ODR II

• L1 – introductory information and presentation of problem

• L1 – explanation of the mathematical model and its solution

• L1 – students asked to find answers to presented Tasks 2 - 6 

• L2 – discussion about general solution and possible meaning of 
constants present in there 

• L2 – illustrations in programme GeoGebra

• L2 – discussion about ecological restrictions, which could be 
mathematically described by constants in the general solution, 
and finding solution of Task 7 together

About 20% of students contributed to the discussions!
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Animated illustration in GeoGebra
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miniPBL3 - Water pollution

Overall pollution of planet water resources is dangerously 
increasing every year with the increasing speed and 
acceleration of this process.

The percentage of the polluted world ocean area is rapidly 
increasing every year. 

Scientists are urgently pointing to this problem, which can 
lead to the global lack of clean drinking water resources 
and endanger the life on the planet. 

The Buriganga River in Bangladesh, which flows past the 
southwest outskirts of the capital city Dhaka is one among 
the most warning examples.
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miniPBL3 - Water pollution

Water pollution rate can be mathematically modelled as differential 
equation of order II with constant coefficients. 

Striking evidence of the rapidly worsening situation can be 
presented by this mathematical model predicting the unavoidable 
consequences provided no actions will be taken to completely 
stop or at least to slow down this undesirable development.

Adopting strong ecological measures resulting in reduction of the 
water pollution process by half we could achieve quite visible 
and remarkable improvements just in few coming years.

𝑦´´ 𝑡 =
1

4
𝑦´(𝑡)
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miniPBL3 - Introduction

Mathematics 2 – final lecture on ODR II

• introductory information and presentation of problem

• motivation to solve problem as individual project for extra 
BONUS POINTS (included into the final results)

Problem was then presented at the Blackboard in front of 
department, where we usually place some extra work or 
interesting problems to solve for more engaged students.

The student miniPBL working sheet with all instructions was 
uploaded to AIS document server, where all study materials for 
students are available.

About 5% of all students submitted their solutions, half of 
which were correct and complete!
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miniPBL3 - Introduction

Animated illustration of the environmental measures´ impact on the reduction of water pollution.
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miniPBL - Introduction

In all 3 scenarios, these tasks were quite difficult to our students, 

as it was

• something completely different

• triple burden for students:

1. to construct the proper mathematical model

2. to solve the differential equation

3. to interpret the results back to the practical problem solution. 
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miniPBL - Introduction

Alternative way how to introduce miniPBL scenario into the 

continuous study at the faculty within mathematical subjects:

1. To modify the same problem used in various subjects

2. To adapt the applied problem with respect to actual knowledge 

and available mathematical/professional skills of students

3. To increase the tasks difficulty accordingly and continuously

4. To arrive gradually to complex solutions using mathematical 

models and suitable methods

5. To awaken students´ awareness of the power of mathematics!


