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Abstract. The paper reports authors’ experience of implementing educational projects in a
computer modelling course offered to the students majoring in “Secondary Education (Computer
Science)” at Ternopil Volodymyr Hnatiuk National Pedagogical University. We analyze
approaches to teaching mathematical and computer modelling such as: integration of modelling
tasks, naturalistic case study, using of role-playing games, possibilities of STEM-education,
motivation and positive attitude to modelling training, etc. Then we illustrate the implementation
of the project to study the population dynamics of the grape snail Helix pomatia. The
implementation of the project splits into several stages: formulation of the problem, presentation
of project tasks, brainstorming, development, testing, presentation of results. The study was
conducted at Ternopil Volodymyr Hnatiuk National Pedagogical University within the
Norwegian-Ukrainian Project “Development of students' mathematical competencies through
Digital Mathematical Modelling” (DeDiMaMo) in partnership with the University of Agder
(Norway) and Borys Grinchenko Kyiv University.

1. Problem statement

Nowadays computer technology plays an important role in all areas of professional activities and
contributes to the economic development. Most modern professions require the knowledge of computer
technology and its use in applications. The study of ICT technologies at universities and colleges has a
significant impact on the improvement of the quality of higher education. Currently, project-based
learning is activities is one of the most effective methods of developing ICT competencies. The
implementation of the project work in teaching requires thorough preparation and training of the teacher.
S/he needs to develop a detailed plan for studying the topic, design presentations, develop exercises and
tasks, define evaluation criteria, etc.

Contemporary problems of the development of mathematics and IT education were investigated in
the recent work of Ukrainian researchers Kramarenko [16], Lovianova [51], Ponomareva [31],
Rashevska [33], Shokaliuk [32], Soloviev [42], Vlasenko [50], Zhaldak [53] and others. Approaches to
the use of software for demonstrations of physical phenomena were suggested by Kravtsov [15],
Kuznietsov [18], Merzlykin [14], Moiseienko [9], Velychko [49], Yechkalo [11] and others. The
development and implementation of virtual laboratories for process modelling has been the subject of
research of Modlo [27], Nechypurenko [26], Semerikov [25], to mention a few. Today, the competency
approach is basic in higher education in many countries (e.g., [12], [13], [19], [22], [23], [39], [47]). Its

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


mailto:oleksyuk@fizmat.tnpu.edu.ua

ICon-MaSTEd 2020 IOP Publishing
Journal of Physics: Conference Series 1840(2021) 012032  doi:10.1088/1742-6596/1840/1/012032

practical implementation actualizes the task of creating for each course a methodological system which
should correspond to the model of professional competence.

Many theoretical and practical problems of training IT specialists have been addressed in the research
of Semerikov and his colleagues. In particular, they designed the system of general professional
competencies which constitute sustainable professional competence of software engineering specialist
[37]. Another important component of the methodological system is modern ICT tools. Modlo [21]
analyzed mobile Internet devices as a learning tool for Bachelor’s of Electromechanics modeling of
technical objects. Yashchuk [52] developed model for the professional competence formation of
Master’s students in Technology education identifying pedagogical (design, interactive, positional,
contextual, training) and information (computer multimedia, Web) technologies.

The purpose of this paper is to present the authors' experience in using project-based learning
methodology. It was used to teach computer modeling to students majoring in “Secondary Education
(Computer Science)”. The paper contains list of software offered for learning according to the authors’
methodology.

2. Theoretical foundations of the research

The literature analysis shows that mathematics and computer modeling courses are important
components in the training of a modern IT specialist. The culture of “teacher-student” relations in the
educational systems of the European Union is based on the ideas of democracy and cooperation in the
teacher-student interaction centered around student learning [54]. In the study “Mathematical modelling
in Germany and France”, the authors emphasized the significance of the integration of modeling tasks
into particular examples from everyday life [8].

Eckhardt et al. [5] examined the effect of support for scientific discovery learning using computer
simulations demonstrating that particular instructional interventions for data interpretation and self-
regulation can effectively support learning with scientific computer simulations. Srisawasdi and
Kroothkeaw [44] explored the learning process with the support of computer simulation and
demonstrated its benefits for the development of students’ learning of physics.

Buteau et al. [4] present a naturalistic case study of an undergraduate student enrolled in a sequence
of three programming, project-based mathematics courses at the Brock University where students learn
to design, program, and use interactive environments for the investigation of a mathematics concept,
theorem, conjecture, or a real-world situation.

In his article “Quality Teaching of Mathematical Modelling: What Do We Know, What Can We
Do?”, Werner Blum points out the following important aspects of the teaching methodology for
modelling [3]:

e effective and learner-oriented classroom management;
cognitive and meta-cognitive activation of the learners;
variety of suitable examples, individual solutions of modeling tasks;
long-term learning process for development of the competencies;
parallel development of competencies and appropriate beliefs and attitudes;
systematic demonstration that digital technologies can be used as powerful tools for modeling
activities.

One of the main factors affecting the efficiency of education in a modern university is the
introduction of simulation and role-playing games, various types of models of processes or situations
([45], [46]). We believe that the use of tools for the development of students’ project and research
activities are important in the methodology of teaching computer modeling. In this context, it is
appropriate to use methods and technologies such as project, modular, rating and problem learning;
suggestive, cooperative and case technologies ([6], [10], [29], [40]).

In recent years, problem-based and project-based learning technologies have gained popularity in
higher education institutions. The implementation of projects using ICT expands the content of learning
through the comprehensive mastery of the theory, followed by its further implementation in professional
activities [10]. Project work and group learning promote the development of important skills of
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participants in the educational process teaching them to interact, cooperate and be creative in joint
learning activities. At the present stage of education development, STEM-education is a progressive
concept which rapidly evolves contributing to the integration of different disciplines in study curricula
([1]1, [17], [28], [38], [41], [48]). It is in great demand in today’s educational world and it often requires
creation of a blended learning environment within which students can better understand how to apply
scientific methods [2]. Thanks to this combination with blended learning, STEM education becomes
more effective through the setting of challenging tasks challenge, high motivation which motivate
students and encourage collaboration towards common educational goals [24].

Rogovchenko et al. [34] pointed out the importance of enjoyment component in the process of
mathematical modelling. They argue that motivation and positive attitude are especially important for
teaching and learning of mathematical modeling where students solve open ended, real-world problems
and may experience the whole spectrum of emotions — from curiosity and puzzlement to frustration and
despair to pleasure and satisfaction.

The use of the project-based learning method for computer modelling of neural networks has been
studied in the paper by Semerikov et al [36]. The authors’ methodology in an elective course includes
the presentation of individual educational and research projects on the artificial neural networks
architecture. The topics for the projects include modelling of continuous, discrete-continuous and
discrete neural networks, time series forecasting, pattern recognition, functions approximation,
dependency identification, medical diagnostics, decision-making under conditions of incomplete data,
data compression, etc. [20].

3. Methodology of using projects for teaching computer modelling

Project-based learning allows students to gain valuable modelling experience, develop research
competencies and information processing expertise and improve communication skills related to the
modelling of the population size. The feasibility of using the proposed method is justified by the
following factors ([7], [43]):

conducting comparative analysis of mathematical methods by students;

making decisions on the advantages and limitations of the use of a particular method;
implementation of joint activities for modelling and development of software applications;
mutual testing, debugging of developed software products;

analysis and reporting of results.

During the project work on computer modelling, it is advisable to use the following forms of
educational and cognitive activity: a) work in pairs or small groups; b) group work; c¢) individual work.
We have chosen a laboratory workshop as the form of organization of students learning activities.
Students may fail to consider many important factors that affect the likelihood of a model. As a result,
the model may not meet all the requirements of scientific research. However, the main goals can be
achieved through the well-thought and clear distribution of the tasks among students in the project.

The choice of population dynamics for modelling meets the basic requirements for the project-based
learning method:

e The presence of a significant problem. In terms of research, the project requires mastering
mathematical methods and modern programming tools.

o The tasks of the project are not static, i.e. they can change at the initiative of students.

e Practical, theoretical, and cognitive significance of the expected results of the activity for the
environmentalists and ecologists.

e The use of a group work organization with the possibilities for using individual work within the
group.

e Defining basic knowledge required for the work on the project.

e Structuring the content of the project.

e Realism of the project, its connection with educational resources.
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The students work on the projects in small groups. To achieve the optimal division of the class into
small groups, a preliminary survey of students can be conducted to determine individual psychological
characteristics and collect information on individual study and work preferences. Each group is
responsible for the development of one of the project components:

e Research of the subject area, specification of tasks.

The choice of modelling approach and its formalization.
Exploration of the existing software solutions.

Defining the requirements for the application and its modules.
Choice of programming tools.

Direct development.

Testing applications.

Analysis of the obtained results, verification of their trustworthiness.
Presentation of the obtained results.

The prerequisites for the successful work on the projects are the disciplines in computer science
where the following components of professional competence must be formed:

e ability to carry out information retrieval activities;

skills of formalization and design of algorithms;

knowledge of several programming languages;

skills of using digital technologies in solving practical problems;

development of mathematical apparatus and understanding of fundamental mathematical
concepts.

The latter competence can be successfully formed in pedagogical universities by combining the
subject specialization Secondary Education (Computer Science) with the subject specialization
Secondary Education (Mathematics) within one professional educational program (the names of subject
specializations correspond to those currently used by the Ukrainian education authorities).

For the teaching of computer modelling, the following software products and digital technologies are
used:

e Programming environments which help teachers and students to design and develop various
software products. It should be noted that the use of programming language for achieving these
goals requires special knowledge, skills and significant labour costs. Using in their education
the languages Python, C#, Java, HTML, PHP master’s students majoring in “Secondary
Education (Computer Science)” have the opportunity to develop methodological materials for
further use at the workplace. Examples of such interactive teaching materials are student-
developed projects, project materials, textbooks and monographs containing the materials for a
deeper study of selected topics of the school curriculum in computer science, and so on.

e Ready-made software solutions (encyclopaedias, educational programs, specialized
mathematical packages Mathcad, MATLAB, Mathematica, Microsoft Office software package,
etc.), access to the Internet and reference materials, video tutorials, educational films.

e Cloud services (in particular, Google Suite and Microsoft Office 365 services) for the
organization of the students’ individual and group work, relevant Web-sites with the materials
for the use in the educational process.

We decided to focus our research on the application of project methodology for the development of
professional competences of future specialists. One of the characteristics of students’ competence is the
ability to synthesize the knowledge and use the skills acquired in the disciplines ‘“Programming”,
“Computer Graphics”, “Applied Software”, “Graph Theory”. The most efficient training of future
specialists in computer science is achieved through the interdisciplinary integration implemented with
the support of information and communication technologies.

4. Practical aspects of the project implementation
The project-based learning in computer (mathematics) modelling classes can be successful when it
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fits students’ general and specific intellectual skills. This can be done at different levels: individual
work, discussions and work in small groups, presentation of individual and small group results to the
whole class. Students mostly complete the project independently (both individual and group work are
used), but the teacher monitors the work, advises, monitors, adjusts and evaluates. All projects are stored
in the database of student works at the department. The implementation of the project splits into several
stages.

Stage 1: formulation of the problem. The project work starts with the formulation of the task of
the project aimed at the development of the computer model to study the dynamics of the population. In
the process of formulation, the teacher suggests possible ways to approach the task.

e conceptual — models of population dynamics (Malthusian model, Verhulst model, Ricker model,
Leslie model) including theoretical substantiation of the advantages of the Leslie model;

e organizational — creation of working groups (teams) for the implementation of the parts of the
project and setting of specific tasks for each group;

e technological — selection of the necessary specialized software and digital technologies for each
group.

The teacher informs students about the knowledge and skills they should acquire in the process of
project implementation.

Stage 2: presentation of project tasks. The purpose of this stage is to introduce the object of the
study to students. It is important to draw students’ attention to the need for joined collective efforts to
achieve the desired results. Preliminary preparation of project participants is also required; students have
to review relevant research literature and available software solutions. The easiest way to get useful tips
and guidance is to talk to teachers who have previously worked with the project participants.

Stage 3: brainstorming. Students put forward general ideas regarding the project implementation,
discuss the possibility and necessity of using certain tools and technology, suggest approaches to tackle
the task. All student proposals must be thoroughly explained and carefully substantiated; the ideas that
are approved should be mapped onto the project’s timeline to achieve their feasibility. As a result,
several ideas that can potentially lead to the solution to the problem are selected. Due attention should
be paid to the design and graphical presentation of the results in the project. To this end, it is preferable
to form a dedicated group of students dealing with this task. Interim and final results are recorded,
organized and substantiated.

Stage 4: development. In order to structure the educational process in the project-based learning,
the workshop can be organized in the form of laboratory work with the tasks as parts of the project. The
teacher offers two components of the project organization: invariant and variable.

Stage 5: testing. Based on the requirements of the practical usefulness of the project results, its
implementation requires not only the functionality of the software components, but also the verification
of the results. To this end, the results of the population forecast are compared with real data. If needed,
the model should be adjusted and tested again.

Stage 6: presentation of results. In our opinion, it should be organized in the format of a seminar
or mini-conference. For example, during the work on the project “Application of the Leslie model to the
study of dynamic systems” students used the service http://www.easel.ly to prepare infographics that
can be used for a variety of purposes: drawing attention to the problem; a quick overview of the topic;
explanation of a complex process; presentation of research results; report generation; comparison of
results. This and similar services facilitate the presentation of project results, ideas and related concepts.

The students’ programming knowledge and skills are formed in a sequence of course distributed
through the study program. First year students study programming in Python and application packages
Mathcad, MATLAB, from the second year they start working with computer graphics in 3DS Max and
Web-programming. All computer simulation projects must be accompanied by relevant graphs or charts.
Therefore, the Mathcad system and the Python programming environment remain popular. In the
Mathcad system, calculations were performed using the knowledge of linear algebra; the results of these
calculations are further used in the developed software applications. In our case, students found the
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eigenvalues and eigenvectors of the matrices of the orders three to seven, seventh and eighth powers of
matrices.

To illustrate the methodology used in the project-based course, we discuss as an example one of the
projects where students worked within the laboratory workshop.

Assignment. Suggest a realistic Leslie model for the population of the grape snail Helix pomatia
(Helicidae, Gastropoda, Mollusca) in the vicinity of the village Velyki Chornokintsi in Chortkiv district
located on the Ternopil plateau and investigate the dynamics of this population based on the following
demographic table.

Table 1. Demographic table for the population of the grape snail Helix pomatia.

Age group 2017 2018 2019

1 181 157 144
2 118 104 97
3 104 89 86
4 95 82 80
5 79 68 66
6 68 53 55
7 53 47 40
Total 698 600 568

The population is divided into 7 age groups. At each fixed point in time, it can be characterized by a
column vector

X(®) = Cea () x2(8); ... 5 x27()),

where x;(t) — the number of i-th age group at the time ¢.

To build the Leslie model, one uses the data from the table to calculate the survival rates based on
the formula:

Xi4q(t+1)
Xip1(t+1) =5 - x;(t), S = ;T’

where ¢ is the year 2017 or 2018.

. 104 89
Asa result, one obtains 51 (2017-2018) = E = 0.57, Sz (2017-2018) = E = 0.75,
82 68
S3 (2017-2018) = T4 = 0.79; Sy (2017-2018) = 55 = 0.72 etc.;
97 ) 86 ) 80 )
S1 (2018-2019) = 7o = 0.62; S, (2018-2019) = o4 — 0.83; 53 (2018-2019) = 55 = 0.9;

66
S4 (2018-2019) = Frt 0.8 etc.

Table 2. Survival rates.

Survival rates 2017-2018  2018-2019 Average value

S, 0.57 0.62 0.6
S 0.75 0.83 0.8
S5 0.79 0.9 0.85
S 0.72 0.8 0.76
Ss 0.67 0.81 0.74
Se 0.69 0.75 0.72

The fertility rate for the first age group is assumed to be 0, for all other classes — the fertility rates are
equal and are calculated with the help of the formula
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x1(t+1)

x(t+1) =Eim b (0 by =

Consequently, the fertility rates for two years are given by

144

b(2018) = —>"—=103; b(2019) = —"—

698-181

=0.33

(0.3+0.33) _

0.32.
The Leslie matrix for a homogeneous model has the form

0 032 032 032 032 032 0.32
06 O 0 0 0 0 0
0.8 0 0 0 0 0

0 085 0 0 0 0
0 0 0 076 0 0 0
0

\ 0 0 0 074 0 0 /

0 0 0 0 0 072 0

The first row in this matrix contains fertility rates for all age groups, the numbers below the main
diagonal represent survival rates for the respective age groups, all other entries in the matrix are zeros.
The structure of the matrix is determined from the assumptions that during a period of time, individuals
from the j-th age group move to the next, (j+1)-th age group. During this period, some individuals die

and the offspring are born for individuals in the i-th group.
The age structure of the population for a homogeneous model of Leslie is given by the formulas

X(t)) =L X(to); X(t2) =L -X(t1) =L*-X(to); ... X(t;) =L-X(t;—1) = L' - X(to)

For the initial distribution, data from table 1 are used: X(ty) = (181; 118; 104; 95; 79; 68; 53)T.
0 032 032 032 032 032 0.32 181 165

and the average value of the fertility rate equals

06 0 0 0 0 0 0 118 109
0 08 O 0 0 0 0 104 94
Xt)=L-X(t)=| 0 0 085 0 0 0 0 |x| 95 [=] 88 |;
0 0 0 076 0 0 0 79 73
0 0 0 0 074 0 0 68 58
0 0 0 0 0 072 0 53 49

150 137

98 91

87 80

X(t)=1-X(t)=| 80 |; X(t3)=L3-X(to)=| 74 |;

68 61

53 49

42 38

125 115

82 76

72 64

X(t)=L*-X(to) =] 67 [} X(ts)=L°-X(ty) =| 62 |;etc.

56 52

45 42

36 33

At the nineth iterate, stabilization will take place for a homogeneous model, after which one can use the
formula
X(t) =2 X(to),
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where A is the eigenvalue of the Leslie matrix for predicting the population dynamics.
The characteristic equation for the Leslie matrix assumes the form

8 8 8 8 8 8

0-4 % % =% = 3 =

% 0—1 0 0 0 0 0

0 % 0—-1 0 0 0 0

0 0 < 0-12 0 0 0 |=

20
0 0 0 D oo0-21 o0 0
25
0 0 0 0 3 0-21 0
50
0 0 0 0 0 B 0-2
25
— _/,{7 +ﬁ/,{5 +i/,{4 +ﬂ A?’ + 7752 '/,{2 + 143412 . 2581416 —

125 625 3125 78125 1953125 48828125

-1

= - (48828125 - 17 — 9375000 - A5 — 7500000 - A* —
44828125

—6375000 - A3 — 4845000 - A2 — 3585300 - 1 — 2581416 = 0.

According to the Perron-Frobenius theorem [30], the Leslie matrix has a single positive eigenvalue
A such that for any other eigenvalue r of the same matrix the condition |r| < A holds. This eigenvalue
is called dominant (major) and characterizes the rate of population reproduction.

If all elements of the matrix are constants, depending on the dominant value 4, one of the three
scenarios of population dynamics is possible. If A < 1, then the population size will decay to zero, if
A > 1, it will increase indefinitely. If 1 = 1, starting from some point in time, the population size will
approach the constant value and the ratio between different age groups will stabilize. In reality, birth
and death rates can depend on the total population, the ratio of its components, as well as changes in
habitat conditions.

In our case, the dominant eigenvalue A = 0.914. This means that the population size will decline
over time.

As can be seen from figure 1, according to the Leslie model, the population of snails in the coming
years will decline and in 2020 will be 450 and in 2021 — about 400.

700
600
300
400
300
200

100

2017 2018 2019 2020 2022 2023 2024

Figure 1. Forecasted population size data.
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5. Conclusions

Project-based learning is widely used in higher education. The use of information and communication
technologies is an integral part of the modern educational process. In combination with the use of
modern technology, it contributes to the formation of professional-oriented experience. The use of
correct methodology for applications of digital technologies in the classroom and students’ individual
work is nowadays an important competence for teachers, lecturers and computer science specialists. In
this paper, we report the use of information and communication technologies in the education of students
majoring in Secondary Education with the specialization in Computer Science. The methodological
features of the organization of information and communication support of the educational process are
illustrated on the example of the project on computer modelling of the population dynamics.

Project work best fits into the competency approach, which includes the development of the ability
to work with and critically assess different sources of information, ability to work efficiently in a group
and individually. Therefore, the project-based learning allows to personalize the educational process
providing students with the opportunities of independent planning, organization and control of their
educational activities. The application of project methodology in the classroom stimulates and maintains
a long-lasting interest in computer modelling, deepens and systematizes students’ knowledge of various
subjects and contributes to the formation of a holistic perception and integrated approach to the scientific
analysis of phenomena and processes in the world.
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