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Introduction

Education is one of the key pillars of any modern and prosperous society. It has the
responsible task of preparing students for their fulfilment in the social and economic life of a
country and the world at large. Due to their conservative nature, education systems cling to the
traditions they have in teaching. We live in a rapidly changing world. Technological progress
brings new problems that change social and economic life dramatically. The coronavirus crisis
has shown that human civilisation is still very fragile, and dramatic changes are possible that
could cause consequences previously unthinkable. People are confronted with new, previously
unresolved problems for which the school system must adequately prepare them. This calls for
a flexible combination of conservative teaching methods with new ones that meet the
contemporary demands and needs of our society.

Since the beginning of the 21st century there have been strong arguments for the need
to change education systems. Educational systems need to be more modern and more flexible
in order to successfully prepare students for the demands of the 21st century (Kozma, 2009).
Due to the growing need for change in education systems, key global organisations such as the
United Nations' UNESCO, the European Union, the OECD's PISA programme and others have
recommended that the new skills and competencies needed by today's students should be
reflected to a much greater extent in relevant national education programmes. The key
competences that students need for their successful integration into society and for their
successful careers are critical thinking, creativity, collaboration and communication skills. The
21st century skills are critical thinking, communication skills, creativity, problem solving,
collaboration, information literacy, technology and digital literacy, media literacy, global
awareness, social skills, scientific literacy, civic literacy, social responsibility, and innovation
skills (Ananiadoui, Claro, 2009; Larson, Miller, 2011). In addition to the skills and competences
mentioned above, the European Union educational frameworks and documents refer to
independent learning, effective communication in mother tongue and in a foreign language,
initiative and understanding of cultural differences. In addition, European education documents
explicitly mention the subjects of mathematics and science (physics, chemistry and biology) as
key to the successful personal development of European students.

One of the first global initiatives in this regard was the 21st Century Skills Teaching and
Assessment (ATC21S) project (Griffin, McGaw, Care, 2011). Constructed by a coalition of
global companies and supported by the active participation of six countries during the
exploratory phase, its main goal is to answer the question of what the new requirements for
today's students should be in order to successfully meet future demands on their skills and
competencies. One of the conclusions drawn is that there is a need for an educational reform in
which the implementation of ICT and so-called 21st century skills take centre stage.

There are several frameworks and structures made by different organizations that seek
to give the general idea and structure for the transition of today's education systems to modern
systems that prepare today's generation for the challenges of the 21st century. Let us just
mention some of them. These are ATC21S, LMTF, ERI-NET, NEQMAP, DeSeCo, PISA, etc.

Collaborative problem-solving and problem-solving was selected by the Organisation
for Economic Co-operation and Development (OECD) as a new competency that was explored
in the 2015 PISA international survey. There are many reasons for collaborative problem

3



solving to be a focus. International research indicates that collaborative problem solving is a
key competence for the successful integration of adolescents into society and the workplace. It
is also believed that much of the planning, problem solving, and decision making will be done
by and through teams and teamwork (National Research Council, 2011). Therefore, a key issue
facing the research and education community is the successful integration into today's education
systems of group and project-based learning and the teaching and assessment of teamwork and
collaborative problem solving as part of an integrated and 21st century skills system.

The implementation and application of the new competences are important for the
Bulgarian educational environment. This is evidenced by the relatively low results achieved by
Bulgarian students in the PISA tests. For example, in the 2012 PISA survey on the problem
solving module out of 43 participating countries Bulgarian students ranked 42nd (PISA 2012
Results), and in the 2015 PISA survey on the collaborative problem solving module out of 51
participating countries Bulgarian students ranked 40th (PISA 2015 Results). These examples
show that serious changes are needed in the Bulgarian learning environment to bring about
qualitative improvement in 21st century skills and competences.

Research aims and objectives
The aim of the dissertation and the research is to develop a concept, tools and models
for the formation of students' teamwork skills in the teaching of physics and astronomy at the
junior high and high school levels and for the formation of the key competence of collaborative
problem solving in a learning environment. This learning environment can be an in-person or
online learning environment.
The research objectives of this dissertation in relation to the set aims are as follows.
1. Describing good international practices in the implementation of the new skills
and competences defined in the framework of 21st century skills and
competences and in particular the competence of team problem solving.

2. Exploring the best possible practices and methodologies that would yield good
results when actually implemented in a Bulgarian school environment.

3. Selecting models and practices that best meet the needs of Bulgarian education.

4. Creation of a theoretical model with appropriate methodology and tools to be
applied in physics education.

5. Creation of an information system for training the competence of team solving
physical problems based on the established methodology.

6. Practical research and application of the developed theoretical models,

methodologies, techniques and information environments, which includes:

6.1.  determining the level of collaborative problem-solving competence of a selected
sample of junior high and high school students;

6.2.  applying the model for developing teamwork skills;

6.3.  analysis of the effectiveness of the model in terms of the formation of teamwork
skills according to the defined criteria.

7. Analysis and interpretation of results. Revise the theoretical model and
information system if necessary.



8. Proposing a workable model for the implementation of collaborative problem
solving competences in school physics and astronomy courses in the Bulgarian
education system.

Object, subject and scope of the study

The object of the study were students from high school and junior high school who are
taught according to the curriculum of physics and astronomy in general education.

The subject of the study is the students' ability to solve physics problems in teams. Team
problem-solving, or we will also call it collaborative problem-solving, is a skill that we define
as an individual's ability to participate effectively in a process in which two or more participants
attempt to solve a problem by sharing the understanding and effort needed to solve the problem
and by pooling their knowledge, skills, and efforts to arrive at the solution (PISA 2015
collaborative problem-solving framework). Collaborative problem solving and problem solving
is viewed as a product of skills — problem solving and teamwork. Problem solving is considered
as consisting of four processes. These are exploration and understanding, presentation and
formulation, planning and implementation, and monitoring and feedback. Teamwork is divided
into three main processes. These are establishing and maintaining a shared understanding,
taking appropriate action to solve the problem, and establishing and maintaining team
organization. In crossing these processes, we get the corresponding sub-skills that build the
competence of collaborative problem solving. These sub-skills will be defined and explored in
this dissertation.

Work on the research and writing of the dissertation took place during the academic
years 2020 to 2022. Due to the emergence of coronavirus in this period, research in the school
setting took place in both face-to-face and online environments, that is, we had a hybrid model
of learning during this period. The school in which the study was conducted was 125th School
"Boyan Penev" in the city of Sofia.

Hypothesis and methods of the study

The main hypothesis of the study is that with an appropriately chosen methodology to
be implemented in physics and astronomy education, a significant improvement in students'
team problem solving skills can be achieved. For this purpose, a selected collaborative problem
solving concept will be used, which will be described in detail in our work.

The main methods to be used for the pedagogical study are stratified sampling and quasi-
experimental design with a control group.

Participants in the study were junior high and high school students in Metropolitan 125th
School "Boyan Penev". The school has eight seventh grade classes. Six of the classes are
language classes and two of the classes are mathematics classes. Three of the language classes
and one of the mathematics classes will be randomly selected to be in the treatment group and
the other three language classes and the other mathematics class will be in the control group
respectively. In eighth, ninth and tenth grades, two classes per grade are included in the study,
for a total of six classes. With one humanities class and one mathematics class for each grade.
Each class is divided into two groups. One group is in the control group and the other group is
in the treatment group.



A quasi-experimental method with a control group will be implemented to conduct the
pedagogical experiment (Haralampiev, 2012) to establish the level of team problem-solving
competence and to establish the differences in the initial and final phases of the experiment
between the two groups.

The target group, which represents junior high and high school classes, will be divided
into a control group and an experimental group. The actual split will be done by stratified
sampling.

To accomplish the research task, an information system will be created to support the
development and improvement of students' competencies in both problem solving and team
problem solving.

Chapter One: Team Problem Solving

Developing the idea of team activity

Teamwork in training has been talked about methodologically since the years of the
creation of training methodologies. It also occurs as a group activity and there is research on
its effectiveness (Rottier, 1996, Todorina, 1994). Group learning is part of reformist ideas in
education and emerged in the early 20th century. Ideas about group learning are dealt with in
educational sociology, group dynamics theory and small groups. In Bulgaria, Byzhkov wrote
about cooperative work between students within one hour or joint activity in organizing
various cognitive activities (Byzhkov, 1994).

The idea of cooperative (group) learning found its most fruitful development in France
with the ideas of Roger Cousinet ( Cousinet , 1950) as a method of free group work in which
children divide their duties, coordinate their actions and finally discuss the results.

Putting the student at the center of learning is the humanistic idea of collaboration and
interaction. This is what Jacques Delors "Learning to live and work together" called for in
1996 ( Delors, 1996 ) .

21st century skills

The main goal of education is to prepare the adolescent generations to successfully
participate in social and economic life. Therefore, a major driver for the need for change in
education will be changes in social and economic life. About 65 percent of children entering
first grade are expected to take up entirely new jobs that do not exist at that time (World
Economic Forum, 2016).

Most conceptual frameworks agree that 21st century skills include problem solving,
critical thinking, teamwork skills, ICT skills and creativity (Griffin, McGaw, Care, 2012; O'Neil
et al., 2004; OECD, 2009; Trilling, Fadel, 2009).

In Australia there is a government agency called ACARA (Australian Curriculum,
Assessment and Reporting Authority) which is responsible for curriculum, assessment, analysis
and feedback in education. In 2013, this agency identified seven key competencies that students
should develop throughout their education. These are reading literacy, numeracy
(mathematical) literacy, ICT skills, critical and creative thinking, personal and social
responsibility, ethical understanding and behaviour and intercultural tolerance(ACARA, 2013).

Many of these activities are also directly related to team problem solving.
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Singapore's Ministry of Education has established a curriculum framework for students'
21st century skills and competencies (Singapore Ministry of Education, 2015). The main aim
is for students to be confident individuals, have the skills to learn independently, contribute to
the common good and be conscious citizens. For students to be successful in a globalising
world, they must have the 21st century skills. These skills are global concern, intercultural
tolerance, critical and inventive thinking, ICT skills and communication skills.

The Partnership for 21st Century Skills is a program established in 2002 to bring
together business with educational institutions and governing bodies to prepare the American
education system for the new demands of the 21st century (Trilling, Fadel, 2009). The skills
themselves are divided into three broad groups. One group is information, communication, and
technology skills. The second group is critical thinking, creativity, communication, and
teamwork skills. And the third group of skills are life skills and work skills (career
development).

The European Framework for Key Competences and Lifelong Learning of 2006 and
subsequent revisions and additions are key documents that define the common principles and
values of learning and education in the European Union (European parliament, 2006; European
council, 2018). It defines 8 key competences: literacy, multilingual competence, mathematical
competence and competence in science, technology and engineering, digital competence,
personal competence, social competence and competence in learning skills, citizenship
competence, entrepreneurial competence and competence in cultural awareness and expression.

The competence approach is also embedded in Bulgarian education. The competences
are set out in the Pre-school and School Education Act (Pre-school and School Education Act)
and also in several documents on the implementation of competences in the school
environment ( MES, Competences and Education, On the Transition from Knowledge to
Skills, Competences and Frameworks of Reference, Practical Guide, Key Competences in
School Education Subjects). Nine key competences are set out in the law. The first eight
competences are directly transposed from the European Framework for Key Competences and
Lifelong Learning. The ninth competence is skills to support sustainable development and
healthy lifestyles and sport.

Defining teamwork skills

Teamwork in the educational system, especially in schools, can be defined as the
collective effort of a group of individuals, such as students or teachers, working together toward
a common goal or task (Morgan, Salas, & Glickman, 1993; Wilczenski, Bontrager, Ventrone,
& Correia, 2001). This involves sharing ideas, resources, and responsibilities to achieve a
desired outcome (Aronson et al., 1978). In schools, teamwork can take place among students in
group projects or among teachers in planning and implementing lessons or curricula for better
and deeper interdisciplinary connections across subjects (Dillenbourg, 1999). Teamwork
requires effective communication, collaboration, and respect for the contributions, skills, and
perspectives of each participant. Through teamwork, individual participants can develop
important social and emotional skills, such as problem solving, leadership, and empathy, and at
the same time achieve better learning outcomes (Thompson, Wang, & Gunia, 2010; Cohen,
Lotan, Scarloss, & Arellano, 1999; von Davier & Halpin, 2013; Woolley, Chabris, Pentland,
Hashmi, & Malone, 2010).



Defining problem solving skills

Problem solving is an important and sought-after skill in both educational and business
environments. And there is perhaps no known and recognized 21st century skills training
program and framework that has not included problem solving as a key priority. Problem
solving requires thought processes, the application of a plan and a solution strategy that helps
students develop their cognitive and metacognitive processes (Garofalo & Lester, 1985).
According to research, students who have high proficiency in problem solving skills are able to
do qualitative analysis of the problem, have good self-regulatory abilities, understand their
strengths and weaknesses, can adapt different methods and strategies to solve the problem, and
can make interpretations of the problem and the results (Chi, Glaser, & Farr, 1988; Lester, 1994;
Gerace, 2001).

Defining team problem solving competence and comparing existing frameworks

Team problem solving has become an essential part of the research on 21st century skills
(Griffin, McGaw & Care, 2012). It enhances student cognitive skill development (Webb,
Nemer, Chizhik, & Sugrue, 1998; Zhang, 1998). Team-based problem solving contributes to
students' improved responsibility and self-reporting skills, their ability to ask appropriate
questions, clarify answers, and their abilities to compromise and make collective decisions
(Baghaei, Mitrovic, & Irwin, 2007; Soller 2001; Webb, 1998).

The framework proposed by ATC21s defines team problem solving skill as a skill that
consists of a social aspect and a cognitive aspect (Hesse, Care, Buder, Sassenberg, & Griffin,
2015).

Figure 1. presents the competence of collaborative problem solving according to PISA
(PISA Framework, 2015). This competence is represented as a matrix that is the product of the
two vectors problem-solving competence and teamwork competence. Thus formed, the matrix
consists of 12 skills that make up the collaborative problem-solving competency.

The CRESST framework for assessing students' team problem-solving skills brings
together, in a common model, the teamwork and problem-solving models (O'Neil, Chuang &
Chung, 2004). The teamwork model consists of six skills. These are adaptability, coordination,
decision making, leadership, interpersonal and communication skills (O'Neil, Chung & Brown,
1997).



Collaborative problem-solving competencies

(1) Establishing and maintaining
shared understanding

(2) Taking appropriate action
to solve the problem

(3) Establishing and maintaining
team organisation

(A) Exploring (A1) Discovering perspectives (A2) Discovering the type of (A3) Understanding roles to solve
and and abilities of team collaborative interaction to the problem
understanding members solve the problem, along
with goals
5 (B) Representing §B1) Building a shared (B2) Identifying and describing (B3) Describing roles and team
and formulating representation and tasks to be completed organisation (communication
E_ negotiating the meaning protocol/rules of
o of the problem (commaon engagement)
£ ground}
g (C) Planning (CT) Communicating with team | (C2) Enacting plans ({C3) Following rules of
° and executing members about the actions engagement (e.g. prompting
E to besbeing performed other team members to
perform their tasks)

(D) Monitoring
and reflecting

(D3) Monitoring, providing
feedback and adapting the
team organisation and roles

(D2) Monitoring results of actions
and evaluating success in
solving the problem

(D1) Monitoring and repairing the
shared understanding

Fig. 1. Matrix of skills that shape collaborative problem solving.

Problem solving in PISA 2012 and Bulgarian participation
In 2012, the international PISA study was conducted. In this study, problem-solving
skills were also included for testing. Of the participating countries, Bulgarian students ranked
second to last, which indicates serious problems in our education system related to the mastery
of this basic skill for successful implementation (PISA Results, 2012; CPSE, 2013; Svetla
Petrova, 2014).

Collaborative problem solving in PISA 2015 and Bulgarian participation
In 2015, PISA included collaborative problem-solving competence in its framework for
assessing student achievement. The Bulgarian result is again weak, Bulgarian students rank
40th out of 51 countries that participated in the study of the competence of collaborative
problem solving (PISA Results, 2015; CSCE, 2016; Svetla Petrova, 2017).

The information system for team problem solving

The role of information and communication technologies in education

Information and communication technologies (ICTs) have had a profound impact on
education over the past few decades. After the coronavirus, it is hard to imagine the educational
process without the use of ICT. ICTs have impacted teaching and learning practices by
facilitating access to educational resources, supporting collaboration and teamwork, and
generally improving the learning process. Let us look at some key aspects of ICT in education.

With the help of ICT, we have improved access to educational resources and services.
ICT facilitates access to educational materials by enabling the development and distribution of
digital resources such as e-books, online courses, and educational websites (Bingimlas, 2009).



ICT tools such as email, videoconferencing and social media make it easier for students,
teachers, and parents to communicate and collaborate on educational projects both inside and
outside the classroom (Hew, Brush, 2007).

ICT enables the use of adaptive learning systems and platforms that offer personalized
learning methods tailored to individual student needs, making education more effective (Woolf,
2010).

ICT enables the use of online assessment tools and methods that provide real-time
feedback to students and teachers, supporting real-world, data-driven decision-making in the
classroom (Bennett, Ward, 2015).

ICT provides opportunities for teachers to access professional development resources
and to collaborate with teachers from around the world, which contributes to improved teaching
and learning practices (Garet, 2001).

ICTs have made it possible for distance education to be effective, allowing students to
participate in courses and degree programs at a distance, increasing access to education for
learners in remote or more deprived areas (Moore, Kearsley, 2011).

Computer simulations in training

Computer and interactive simulations can play a significant role in learning, enhancing
learning experiences, promoting conceptual understanding, and stimulating critical thinking.
Various studies highlight the benefits of using simulations in education (Smetana, Bell, 2012;
Rutten, van Joolingen, van der Veen, 2012).

Simulations can engage students by providing interactive and dynamic learning
experiences. They can help concretize and visualize abstract concepts, which motivates students
to explore and learn (Smetana, Bell, 2012).

Simulations can help students visualize complex concepts and processes that are
difficult to understand through traditional teaching methods. They can provide dynamic
representations of scientific phenomena, making them more accessible and understandable
(Rutten, 2012).

Interactive simulations provide opportunities for students to engage in experimentation
and inquiry-based learning. They can change variables, test hypotheses, and observe results,
which promotes scientific reasoning and problem-solving skills (Smetana, Bell, 2012).

Simulations can offer immediate feedback to students, allowing them to understand the
consequences of their actions and adjust strategies and plans to solve the problem. This helps
students learn from their mistakes and develop a deeper understanding of the concepts and the
nature of the problem (Rutten, 2012).

Computer simulations can facilitate collaboration between students as they can work
together to explore, discuss, and solve problems within the simulated environment. This
promotes teamwork, communication, and problem-solving skills (Smetana, Bell, 2012).

Interactive simulations can be adapted to meet different learner needs as they can
provide different levels of complexity, feedback, and guidance, making them suitable for
students with different learning styles and abilities (Rutten, 2012).
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Simulation of natural processes and phenomena by numerical methods

In the previous section we saw that ICTs and interactive simulations can contribute to
improving the quality of the educational process. We will look at how natural processes and
phenomena can be simulated using computer simulations. We will look at how the same system
can be simulated using numerical solutions of the differential equations that describe its
dynamics, and how the same system can be simulated using cellular automata.

The Lotka-Volterra model is also known as the Predator-Prey Model. As the name
suggests, this model describes the interaction of two species, with the predator feeding on the
prey. We will simulate this model using the fourth-order Runge-Kutta algorithm. This is one of
the most widely used methods for numerically solving ordinary differential equations. This
simulation is described in a paper (Kunis, Dimitrov, 2020).

The Lotka-Volterra model (Lotka, 1910, Volterra, 1926) is based on two species that
interact with each other. We will call one species the predator and the other species the prey.
Let us introduce the following notations:

P(t) = population of predators;p(t) = population of preys (D

Our goal is to describe this interaction. Therefore, we will introduce a coefficient a as the rate
of change of the number of preys in the absence of predators. In the absence of predators we
will have an exponential increase in the number of preys:

dp

— =ap, = p(t) = p(0)e™.

(2)

In the presence of predators, exponential growth does not occur because predators will attack
more prey the larger their population. Therefore, to account for this interaction, both species
must be present. We will assume the simplest case of straight proportionality from the product
of their numbers. The interaction is proportional to:
bpP 3

The factor b is interpreted as a parameter describing predator-prey interactions in which prey
are reduced. Thus, we arrive at a model of prey variation that takes into account both the
fecundity of prey and their interaction with predators:

1
% =ap—bpF
0
(4)

If we continue with the same logic, predators should also breed and therefore increase their
population. But predators need the preys in order to exist. If there are no preys, they will start
to attack each other, which in turn will lead to an increase in mortality, which we will denote
by m:

dP
— mP, = P(t)=P(0)e~™

dt (5)
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If there are preys to serve as food for the predators then predators will interact with preys by
bpP factor, which will lead to an increase in the predators’ population:

dP

— =cbpP—-mP

dt (6)

Here ¢ is a constant that measures the efficiency with which prey favours the predator
population. Thus, we arrive at the following two equations of our model:

dp
— =ap—hpP
dt I !

dP

— =ebpP-mP

dt (7)

We will solve these equations using the Runge-Kutta method, writing them in standard form:

dy

= =10

Yo=p fo = ayo — byoy: (8)
y1=P f1 = byoy1 — my1

The Runge-Kutta method is based on the formal integral of the differential equation
(Runge, 1895) (Kutta, 1901):

d_’y(t) t[n+1]

D=1 2 y© = | fE&y)de= yin+ 1] = yln] + f Rt )

The approximation of the method consists developing the Taylor series of the subintegral
function around the midpoint of the integration interval i.e. around the point:
t[n +1/2] = (t[n] + t[n + 1])/2(10)

f&y) = ftn+3LyIn+D) + (E —tln+D Lt = tln+]]+0(h) (11)

If we integrate the above equation over the interval (t[n],t[n+1]), the second term in the right-
hand side is reset to zero and we obtain a higher-order algorithm than Euler's algorith, even

though we use the same number of terms:

t[n+1] t[n+1] 1 1 1 1
J ., r@dex[ e gl ghdes fein gy gD a2)

y[n +1] = y[n] + hf (t[n +3], y[n +5)) (13)
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The resulting algorithm cannot be used immediately because it requires knowing the values of
y[n+1/2], which cannot be determined from the initial condition. We can, however, use Euler's
algorithm to determine y[n+1/2] from the initial conditions:

yIn+31 = y[n] + 22 = y[n] + 2 f(t[n] y[n]) (14)

We can now summarize the second-order Runge-Kutta algorithm as follows:

y[n+1] = y[n] + k, (15)
ky = hf(t[n] + 5, y[n] + 2 (16)
ky = hf (t[n], y[n]) (17)

We now give the algorithm of the fourth-order Runge-Kutta method. The function f(t,y)
is approximated by 4 gradient (k) terms near the midpoint which are determined by only 4
operations (Press, 1992):

yln +1] = yln] += (ky + 2k, + 2ks + ks) (18)
ky = hf (t[n], y[n)), (19)
ko = hf (tln] +2,y[n] +2), (20)
ks = hf (tln] +35,y[n] +2), (21)
ka = hf (¢[n] + h,y[n] + ks) (22)

We will simulate the Lotka-Volterra model using the fourth-order Runge-Kutta method.
The running program, written in the Java programming language, is presented in Figure 2. In
Figure 3 the two populations are presented together for comparison. A plot of the phase portrait
of the predator population against the prey population is presented in Figure 4. Let us now
analyze the results. In the beginning, the prey population will grow very fast (almost
exponentially), while the number of predators is relatively small. Once the number of predators
increases a sharp decrease in the number of preys starts. The behaviour is similar for predators.
In the presence of a large number of prey, they begin to increase sharply. But in the absence of
preys their population will melt down due to starvation or as a result of their self-destruction.
The probability of interaction, i.e. a predator encountering a prey, is proportional to the product
of their populations, i.e. the greater the number of a species, the greater the probability that an
encounter and then interaction between them will take place. Any variation in the number of
preys affects the number of predators and vice versa. The two populations oscillate and evolve
cyclically. If the prey population increases, then the probability of encountering a predator
increases. And this leads to an increase in the predator population. But an increased predator
population leads to a decreased prey population. This, in turn, leads to a decrease in the number
of predators, which in turn increases the number of preys, and so on.
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1 i

2 FPrograma za reshavane na models na Lotka-Volterra

3 g dzpolzvane ns metods na Bunge-FKutas ot 4-ti red.

4 Foeficientite sa :

5 a=0.5235958776, b=0.016362462Z, mwm=0.523595776, epsilon=0.711111

[ Nachalnite uslovia sa:

7 p=30, P=5.

=] =

£l

10 import Jjawva.io.¥*;

11

1z public class PredatorPrey {

13

14 —] public static wold main{String[] srov) throws IOException, FileNotFoundException {
is ff zapisvane na informacigts v otdelni f£ajlove

16 PrintWriter w = new PrintWriter{new FileCutput3tresam{"Fpi0.d=at"), true});
17 PrintWriter o = new PrintWriter{new FileCutput3tresam{"Fp3l.d=at"), true});
1s PrintWriter 1 = new PrintWriter{new FileCutputStream{ "Fp3zZ.dat”), true}):
i3
20 ff deklarirane i inicializirane na parametrite za reshavaneto na RE4
21 double h, t, Twin = 0.0, Tmax = 500.0;
22 double v[] = new doukle[Z2]:
23 int Ntimes=1000;
=4
25 /4 Inicializirane na nachalnite uslowvija
26 v[O1=20.0; w[1] = 5.0;
27
25 /¢ Inicializirane na stapkata i vremeto
29 h = {Twax-Tmin) fHcimes;
30 £ = Tmin:
31
32 ffZapisvane na informacijatsa
33 = for {(t = Tmin; t <= Tmax:; t += h) {
G4 System.out.println{” ©=" +t+" , == "+y[01+", v= "+y[1]}://printout
85 w.printlnd "+t +7 7 4+y[0]+7 ) output to files
36 c.printlnd "+t +7 " +y[11+7 ")
37 l.println{""+y[0] +" " +¥[11+" "} :
38 rk4{t, ¥, h, 2}):
39 b }
40 Fystem.out.printlng "Done. ") ;7
41 oy
4z
43 // metod na RE4
44 = public static woid rkd4{double t, double ¥[], doukble h, int MNegs) {
45 int 1i:
45 double F[] = new double[MNecs]; double ydumb[] = new double[MNegs]:
47 double k1[] = new double[Megs]: double kKZ[1 = new double[MNegs]:
45 double k3i[] = new double[Mecgs]:; double k4[] = new double[MNegs]:
40 £({t, v, F):
50 for (i=0: i<Megs: i++){ k1[i] = h*F[i]: vdumb[i] = v[i] + k1[i1/2:}
51 £(t + hf2, ydumbh, F):
5z for (i=0: i<Megs: i++) { kz[i] = h*F[il: wdumb[i] = w[i] + k2 [ilf2:}
53 £{t + hf?, ydumb, F):
54 for (i=0; i<NMNeqgs; i++) { k3[il= h*F[i]:; wvdumb[i] = v[i] + kK3 [i]:}
55 f{t + h, ydumb, F):
56 [H for {(i=0; i«<Necgs; i++) {
57 b k4[i] = h*F[il: w[il = ¥[il + (k1[i] + Z*(k2[i1+k3[i1) + k4[il)fo:}
58 ooy
5El

&0 // Model na Lotka-Volterra

61 = public static woid £{double t, double y[], doukle F[1)} {

(=31

63 FLO] = 0.5235958776ky[0]-0. 0165362462y [0 %y [1] ; /4 uravnenie za gertvite
64 FL1] =-0.5235958776ky[1]1+0. 0116355280y [0 %y [1] ; /¢ uravnenie =za hishtnicite
565

66 F3

567

65 -3

Figure 2. A program for solving the Lotka-Volterra model written in Java.
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Figure 3. Number of preys (in red) and predators (in green) as a function of time from the

Lotka-Volterra model.
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Figure 4. Phase portrait of the number of predators versus the number of preys from the

Lotka-Volterra model.
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Simulating natural processes and phenomena using cellular automata

A cellular automaton is a model consisting of a rectangular lattice (grid) of cells, where
each cell can have a finite number of states, for example alive or dead (Shiffman, 2012). For
each cell a neighborhood is defined. The neighborhood determines how many other cells a
given cell will interact with. Neighborhood can be done in many ways, but usually the neighbors
of a cell are its neighboring cells.

An initial state is assigned to each cell at the start time, and this can be done randomly.
All cells and their states at a given time t are called generation at time t. The next generation is
created by executing a specific set of rules. These rules determine the new state of each cell
depending on its current state and the states of its neighboring cells. By executing these rules
repeatedly, at each iteration we obtain the evolution of the system. This way we can track how
a system will evolve.

Let us start by constructing a cellular automaton that will simulate the Lotka-Volterra
model. We will have a square lattice that will consist of 100 by 100 cells. This choice of size is
reasonable because it contains 10000 cells, which gives us on the one hand a sufficient number
of cells from a statistical point of view, and on the other hand a sufficiently large choice of
different configurations. The set of cell states will have three states. These will be environment
or we will also call these cells empty (in our simulation we will color them black), preys (we
will color them blue) and predators (we will color them yellow). Now we have to choose the
neighborhood. The Moore-type neighborhood gives us more options and more flexibility, so
we'll go with it.

Let us now define the rules that we think will accurately simulate the system. Since the
number of states is three, we will consider the three cases. When the active cell is empty,
when it is a prey and when it is a predator.

When the active cell is a predator:
e The predator lives (the cell remains yellow) if there is a prey around it.
e The predator dies (the cell turns black) if there are no preys around it.
When the active cell is the prey:
e The prey lives (the cell remains blue) if there are no predators around it.
e The prey dies (the cell turns black) if there are a sufficient number of predators around
it.
e |f there are too many predators around the prey, then the prey dies, and a predator is
born in its place (the cell turns yellow).
e |If the number of predators is greater than zero and less than 5, then the prey remains
alive.
e If the number of predators is equal to or greater than five, then the prey dies, and a
predator is born in its place.
e |If the number of adjacent preys is greater than 7, the prey dies (the cell turns black).
The latter is done to limit the possible prey population. Because it is not realistic for a
population to expand indefinitely.
When the active cell is empty (environment):
e Anempty cell becomes a prey (the cell turns blue) if the number of adjacent preys is
greater than the number of adjacent predators.
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e Anempty cell becomes a predator (the cell turns yellow) if the number of adjacent
predators is greater than the number of adjacent preys.

e |If the number of adjacent predators is equal to the number of adjacent preys, the cell
remains empty (black).

Figure 5. shows the encoding of the environmental, predator-prey evolution rules. Consider

the results of the program implementation. Figure 6. shows the simulation at different time
points from 0 to 220 over 20-time steps. Figure 7 shows the prey and predator populations as a
function of time.

56/

£

no

8
5 J
60
61
62
63
64
65
66
67
68
69
70
71

72

83

24 // Rules for prey

Start simulation 25 else if (grid[i][j] == 1) {

for (int gen = 1; gen <= genCount; gen++) {

26 int Rand = rand.nextInt(100);
int [][] nextGrid = new int[n][n]; a7
a8 if(preylleighbours > 3){
! Calculate next generation 29 nextGrid[i][] = 0;
for (int 1 = 0; 1 < n; i++) { 90 }
for (int 7 = 0; 7 ¢ n; j++) { al else{
92 if(predatorlleighbours > @ &% Rand < 108){
int preylleighbours = countPreylleighbours(i,]); 93 nextGrid[i][i] = 2;
int predatorlleighbours = countPredatorlleighbours(i,i); :‘: ) predatorStats[gen]++;
// Rules for empty cell li else{r e rrarsT .
i (eridli7] = 0) { i ol
if (preylleighbours » 0) { J_C:{J\ } }
if (predatorileighbours > preylleighbours) { 101
nextGrid[i][3] = 2; 102
predatorStats[gen]++; 103 // Rules for predator
} 104 else if (grid[i][j] == 2) {
else if (preylleighbours > predatorileighbours) { 195
nextarid[i][i] = 1; 106 if(preylleighbours < predatorileighbours + 1){
preys tats[gen]++; J.<EIT nextorid[i][3] = @;
loz }
} } 109 else{
118 nextGorid[1][]] = 2;
else { 111 predatorStats[gen]++;
nextGrid[i][7] = @; 112 }
} 113
} 114}

Figure 5. Coding rules for empty cells, predators and prey.
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Figure 6. Simulation of the Lotka-Volterra model with a cellular automaton at the
corresponding time instants t = 0, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220.
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Figure 7. Number of preys (in purple) and predators (in green) as a function of time from the
Lotka-Volterra model simulation with a cellular automaton.

Design of the information system

In this section we will look at the information system we have made. Our information
system is designed to be able to work in different modes. These modes are improving and
evaluating problem solving competence, improving and evaluating collaborative problem
solving competence. We consider these competencies by placing them in a physical context.
But the system itself allows to be implemented in any context, e.g. natural sciences,
mathematics, humanities, social sciences, etc. Our system can also work in test mode. Our
system allows to test problem solving and collaborative problem solving competencies, but in
addition, competencies in science, mathematics, humanities, social sciences, etc. can also be
tested. One of the advantages of our system is its ability to adapt and customize as the student
completes the tasks.

Our system is a web application that can work online and offline. No permanent internet
access is needed for the student to work with the system. The front-end interface is written in
HTML, CSS and JavaScript. Figure 8 shows the system in test mode.
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ITmagama cHIA B TedHOCTH EJACTHYEH H HeeJIACTHYEH CONBCBK

HJE.EEJILIE CHIA E TEYHOCTH
Koako KYOHYHH CAHTHMETpA mi¢ O0bJe HIMECTEHHAT 0T TAJI0TO 00eM, AK0

MOTONEHOCTTAa MY € 5 ¢M. (maom - 100 KB.CM., BHCOYHHA - 5.0 cM.,
OILTHOCT(THAIO) - 3.0, IIBTHOCT(TEY.) - 1.0)?7

Cnepeaw BLNpoc

Figure 8. Screenshot of the information system in test mode.

We aimed for our electronic system in evaluation mode to meet the following
requirements (Buzzetto-More, 2009):

- reliability: the system should ensure fair, accurate and correct assessment, with
the resulting score reflecting as closely as possible the student's actual
knowledge and competencies.

- validity: the system and the tests must be sufficiently precise and measure what
is asked of them, i.e., they must assess the knowledge, skills and abilities that
the test is designed and claims to assess.

- usefulness: the system provides feedback that helps to improve the learning and
training process. This can include instant feedback for students and detailed
analytics for teachers.

- safety: the system must protect student confidentiality and prevent fraud
attempts.

Our system most commonly uses the following question types: multiple choice, short answer,
and extended response questions.

Coding problem solving skills.

Figures 9 and 10 show screenshots of the interactive simulations we have implemented
that can be used to develop and assess students' problem-solving skills. Figure 9 shows the
interactive problem where an apple falls on different planets of the solar system. The problem
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is complex and requires students to show creative thinking and creativity. In order to solve the
problem, students must come to the conclusion that the information system itself does not give
them the tools they need to reach a complete solution. In this case, they should use an external
mobile device to perform some of the measurements. Once the measurements have been taken,
students will find that certain values are too small to be analysed without additional software.
Without the use of this additional software, some of the experiments are virtually impossible to
analyze. After using the additional software, students have the ability to successfully apply the
physics formulas to find the individual physical quantities being looked for.

Figure 9. Screenshot of the Falling Apple problem.

Coding team problem solving skills

Our system allows team problem solving exercises to be given. Students can be divided
into small teams and given a specific physical task. They will then have to work together to
define the problem, determine the strategy, complete the individual sub-tasks, and provide
supervision and feedback. This reflects team practices in the industry and requires participants
to communicate effectively, manage their time and tasks, and collaborate to solve emerging
problems. Teamwork has been shown to improve the quality of the solution and the skills of
the individuals involved (Salleh, 2011).

Figure 10 shows a screenshot of the home screen. In this part, the student should
familiarize himself with the system and get oriented. In the right panel there is a brief
explanation of the tasks. In the left panel, the student is introduced to the team and tested on
their ability to initiate successful communication.

In Figure 11 the student gets the first question about what the period of the mathematical
pendulum depends on. In the right panel, the student sees an interactive simulation of a
mathematical pendulum. The student has to familiarize and navigate the simulation on their
own. At the same time, in the left panel, the computer agents start a dialogue, and the student
has to take a stance by proposing the discussion of an initial strategy with the team.
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Tu cu B oTBop ¢ Mapua v MBaH. 3aeaHo We Tpabaa Aa OTroBOPUTE Ha HAKOMKO BLNpOCcK

M i OT nfAgaTa 4acT Ha eKkpaHa Lje BWKOaLl NPO30peLa Ha 4aTa, KbAeTo We BIKAAL KaKeo T NWLLAT.
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Mouis nocotere e1Ha onuus
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Tope-moay

He 3nam.

Hodpe cbm. Bue kak cre?

Figure 10. Screenshot of the team problem solving part 1.
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Maxajuo?
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HMBan: Xaiile npocTo 1a 3anousame.

Mo.15 mocoveTe eHa ONIHS

Mozxe 61 TEPBO TPAOBA A2 0OCHIANM CTPATErHATA.
Mapus 1a nouBaMe, NbK MOCTe e FO MHCTHM.
Hsavam naes.

Ja nonurame HAKOiL.

E ) —5 0

Figure 11. Screenshot of the team problem solving part 2.
In Figure 12 the computer agents lvan and Maria discuss developing a plan that will lead to the

solution of the problem. The student must choose one of the four options where he or she thinks
it will be most useful in eventually arriving at a correct plan to solve the problem.
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Mapusi: Hvare an naen?
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Figure 12. Screenshot of the team problem solving part 3.
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In Figure 13 a specific task is given to the student to test their problem-solving skills.
The student is asked to answer the question as the mass of the ball increases whether and how
the period of the mathematical pendulum changes. In order to solve the problem correctly, the
student must first orient themselves to which button is used for what. Once he or she has
determined this, only the mass of the mathematical pendulum should change, and the other
parameters should not change. In this way, the student can come to the correct conclusion that
mass does not affect the period of the math pendulum.

Hs3noasBaiite CHMYTAIHATA, 32 1a OTTOBOPHTE Ha CAeTHHSA
BbIIpOC.

€ YBe/IH'IaBaAHE HA MacaTa mepHoabT ce:

yBeIHUaBa
HAMAIABA

HE MOXKeE Ja ce onpeaean

MEePHOABLT HE 3ABHCH OT Macara B B ®

g=981
L=1m
Cnepsauy BLnpoc m= 16

Figure 13. Screenshot of the team problem solving part 4.

In Figure 14 another problem is given to the student, again to test his problem-solving
skills. The student must answer the question as the length of the pendulum increases whether
and how the period of the mathematical pendulum changes. To solve the problem correctly, the
student must first orient himself to which button is used for what. The student is assumed to
already know this if they worked correctly in the previous problem. Once he or she has
determined this, only the length of the math pendulum needs to be changed, and the other
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parameters should not change. In this way, the student can come to the correct conclusion that
as the length of the mathematical pendulum increases, the period increases. Here the student
does not need to know the formula for the period and length of a mathematical pendulum. For
students with a heightened interest in mathematics and science, the question may be to try to
derive this formula or, if they know it, to correlate it with experimental data from the simulation.

AT qy sko=8h, UeRe RXY T =

H3nosBaiite CHMYJIANHATA, 34 1a OTTOBOPHTE HA CIeAHHSA
BbIIpoOC.

C YBeH'iaBaHe HAa Ib/UKHHHATA HA MaXa 10TO NepHOIAbT C¢

YBeauuaea
HAMAIABA
He MOAKe 1a ce onpeaean

NEPHOABLT He 3ABHCH OT Ab/KHHATA

Cnepsauy Bbnpoc

Figure 14. Screenshot of the team problem solving part 5.

In Figure 15, another problem is given to the student, again testing their problem-solving
skills. The student must answer the question as the gravitational acceleration decreases whether
and how the period of the mathematical pendulum changes. To solve the problem correctly, the
student must first orient themselves to which button is used for what. The student is assumed
to already know this if they worked correctly in the previous two problems. Once he or she has
determined this, he or she only needs to change the magnitude of the gravitational acceleration
and the other parameters should not change. In this way, the student can reach the correct
conclusion that as the magnitude of the gravitational acceleration increases, the period
decreases. Here the student does not need to know the formula for period, length of a
mathematical pendulum and gravitational acceleration. For students with a heightened interest
in mathematics and science, the question might be to try to derive this formula or, if they know
it, to relate it to experimental data from the simulation.
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Hs3no.assaiite CHMYJIAIHATA, 34 1a OTTOBOPHTE HA CJAeIHHA
BhIIpoOC.

C Hama.1siBaHe Ha TPABHTAIHOHHOTO YCROPeHHE NePHOABT ¢

NEPHOALT HE 3ABHCH OT IPABHTANHOHHOTO YCKOpeHHE

HaMaIsBa

HE MOAKe 1a ce onpeaean

YBeauuasa

Cnepnsauwy BLNpoc

Figure 15. Screenshot of the team problem solving part 6.

Chapter Three: Research Part

Research aims and objectives of the study.

The aim of this dissertation is to develop a concept, tools and models for the formation
of students' teamwork skills in the teaching of physics and astronomy at the junior high and
high school levels. This concept to be implemented in real school practice. An experiment
should be carried out to allow the collection of data from which appropriate conclusions can be
drawn.

The tasks to be completed in order to successfully complete the dissertation are.

1. Choosing a methodology for testing and identifying the level of acquired
knowledge and skills in the field of collaborative problem solving.

2. Selecting a methodology to be applied to the group of students to improve their
collaborative problem solving skills.

3. Selecting the methodology of the study to obtain representative results

4. Testing the students of the control and experimental groups on the level of their

knowledge and skills in collaborative problem solving with the methodology from point 1.

5. Training the students of the experimental group with the methodology of point 2.

6. Upon completion of the training, test the students of the control and treatment
groups on the level of their knowledge and skills in collaborative problem solving with the
methodology of point 1.

7. Analysis of data and results.

Description of study conditions - participants, location, time, period, approach to
grouping, validity
Having researched the world's experience in the areas of 21st century skills, problem
solving and team problem solving, we needed to decide on a methodology on which to build
the information system for team problem solving. Three platforms were subjected to in-depth
analysis. These are CRESST, PISA, ATC21S. We chose the PISA methodology because of the
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ease of assessment, the ability to automate the process and the greater objectivity of the
assessment.

Once we selected the methodology, we began to develop the information system for
team problem solving. The information system itself is described in detail in chapter two. The
system consists of two main modules. These are a problem-solving module for interactive
simulation of a physical process or phenomenon and a teamwork module, which is a virtual
chat with computer agents. Through our information system, we test twelve components that
build team problem solving competence. These components are:

e (Al) discovering perspectives and abilities of team members,

e (A2)discovering the type of collaborative interaction to solve the problem, along
with goals,

e (A3) understanding roles to solve the problem,

e (B1) building a shared representation and negotiating the meaning of the
problem (common ground),

e (B2) identifying and describing tasks to be completed,

e (B3) describing roles and team organization (communication protocol/rules of
engagement),

e (C1) communicating with team members about the actions to be/being
performed,

e (C2) enacting plans,

e (C3) following rules of engagement (e.g. prompting other team members to
perform their tasks),

e (D1) monitoring and repairing the shared understanding,

¢ (D2) monitoring results of actions and evaluating success in solving the problem,

e (D3) monitoring, providing feedback and adapting the team organization and
roles.

The second stage was to implement the methodology and information system for team
problem solving in a school environment. We implemented our system in seventh, eighth, ninth
and tenth grade physics and astronomy education classes. The school we selected was 125th
School "Boyan Penev" in Sofia. The students from whom we formed the stratified sample were
from seventh to tenth grade. The main method in our study was a didactic experiment with a
control and experimental group.

The number of students in the experimental group was 132, of which 63 were girls and
69 were boys. The number of students in the control group was 154, including 71 girls and 83
boys.

Before the experimental group started training with the information system, both groups
(control and experimental) were tested with a test to establish the entry level of team problem
solving competence. The test was conducted using the information system we developed with
the methodology we described.

The experimental group was trained with our information system in physics and
astronomy classes, information technology classes and extracurricular activities between
November 2021 and April 2022. Five in-person and three online training sessions were
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conducted in grades seventh and eighth. In grades nineth and tenth, four in-person and four
online training sessions were conducted. After the training was completed, the control and
experimental groups were tested again to establish the final level of team problem solving
competence using our information system.

Analysis of the data and results

We will introduce the following notations to make the tables easier to read:

Al: discovering perspectives and abilities of team members,

AZ2: discovering the type of collaborative interaction to solve the problem, along with goals,

A3: understanding roles to solve the problem,

B1: building a shared representation and negotiating the meaning of the problem (common
ground),

B2: identifying and describing tasks to be completed,

B3: describing roles and team organization (communication protocol/rules of engagement),

C1: communicating with team members about the actions to be/being performed,

C2: enacting plans,

C3: following rules of engagement (e.g., prompting other team members to perform their
tasks),

D1: monitoring and repairing the shared understanding,

D2: monitoring results of actions and evaluating success in solving the problem,

D3: monitoring, providing feedback and adapting the team organization and roles,

CPS: Team (collaborative) problem solving competency rating from 0 to 100.

Figure 16 shows the descriptive statistics from the initial test to investigate the team
problem solving competence of the control group.

The average of the scores is around 50, indicating that students vary widely in skill, with
some doing very well (scores closer to 100) and others not so well (scores closer to 0). The
scores for each skill are scattered, as indicated by the standard deviations and coefficients of
variation, suggesting a diverse group of students in terms of scores on these skills. Skills B1,
B2 and B3 are those where students have more difficulty, as their means are the lowest. These
are forming a shared understanding and discussing the nature of the problem, defining and
presenting the tasks to be completed and defining the role of each member of the team and team
organisation. The highest averages are Al, A2 and C1, indicating that students are generally
better at these skills. These skills are understanding the perceptions and abilities of team
members, understanding the nature of collaboration and goal formulation, and discussing with
team members what actions should be taken to solve the problem. The standard deviations show
that there is considerable variability in student scores for all skills. The variation is particularly
high for skills A1, A2, C1 and D1. The ranges show that for all skills some students scored very
low while others scored very high. This is particularly noticeable for skills A1, A2 and D1.
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Al I, IX B1 B B3 C1 W, o D1 D2 D3 CPs
Valid 154 154 154 154 154 154 154 154 154 154 154 154 154
Mode s B34 %6554 5A650 26519 2638 4073 GGA14 45365 38001 M862 T R4 143
Median 54030 53225 46898 0938 4603 42582 56319 47854 MO45 47855 45EB1 MIR 41T
Mean SAO0T1 S3TST 47624 0340 680 43071 56043 47057 4467 46099 44512 U8B 45491
Sid. Error of Mean 1385 1423 1378 0905 0961 1451 1482 1259 1213 1484 1291 123 1451
95% CI Mean Upper 56785 56546 50325 3212 562 45328 SRG4T 4953 47845 49006 47043 45506 47748
95% CI Mean Lower 51355 50068 44923 28567 79T 40815 53130 44500 43089 43191 41981 A7 43234
Sid. Deviation 17189 17658 17401 1125 11920 14288 18388 15618 15056 18410 16024 15370 14290
95%CISid. Dev Upper 19423 20105 19277 12635 13415 16309 20587 17635 17086 21033 18047 17369 15880
G50 IS Devlover 14802 154f1 4765 9655 10391 12250 5750 1330 12730 5588 13671 13202 1257
Coefficient of variation 0313 038 039 0370 0344 03 0328 032 03’ 0389 030 036 03
95%ClVariance Upper 377250 404222 371601 159652 179952 265078 423834 31004 291923 442371 35599 301666 252181
95%ClVariance Lower 219100 228333 28016 93212 107980 150055 248337 177412 162041 243283 196907 174284 158076
Range 07665 100000 94826 61197 72967 86000 02654 99289 38880 98967 93169  B3SE 69736
Minimum 235 0000 3092 2720 0000 3703 M6 635 2930 1013 0913 0000 14342
Maximum 100000 100000  G7.919 63917 72967 89792 100000 95475 91810 100000 04082 G358 84078

Figure 16 Descriptive statistics from the initial test of the team problem solving competence of

the control group

A A2 13 B1 B2 B3 Cl 02 €3 D1 02 03 CPs
Valid 154 154 154 154 154 154 154 154 154 154 154 154 154
Mode Co00000 100000 39332 35984 26095 4207 100000 33653 MBI 45064 1286 IeEE 15215
Median $6350 57371 50450 31639 W09 48378 58290 S0602 47650 49040 47834 45735 49982
Mean S6305 400 50395 3931 36389 45850 5TO4T 49505 47500 48218 43R 45154 47T
Std. Error of Mean 1435 1412 1472 0881 1017 1257 1541 1335 129% 1540 1342 1318 1200
95% I Mean Upper SO 59285 3260 33ETI 3/ 48314 60968 S2121 50430 123 49023 477Y 50025
95% I Mean Lower §3400 53515 47500 20088 306 43307 G405 46888 45050 4517 43TRT 4572 453
Sid Deviation 17811 18266 1870 12298 12605 15595 19129 1GS6R 16080 19112 AR50 18350 14899
G CISH Dev Upper 20045 20850 20833 13817 14184 17B45 21438 19460 18253 21625 3B 13283 1R46R
G5%CIStd Dev Lower 15384 15614 15842 10735 10011 13333 16862 14241 13750 18228 14310 14201 13055
Coefficient of variation 0316 03¢ 03I 0MS 0BT 03D 03 035 03% 039 039 03 032
O5% ClVaance Upper 401700 426821 425713 190013 20000 318404 45005 0734 I3RISS  447TESE G011 IS4 27115
O5%ClVariance Lower 206860 243783 250956 H1RS23 123451 (TTTEY  27A26 202817 189052 263340 20503 201865 170444
Range 50 7500 D830 6943  TIOG BRA7 @513 831 MTI0 %99 W05 M5 T25N
Minimum 2409 2500 3030 2739 3G00 3GRE 48T T4 3018 107 0943 1983 15215
Masimum 100000 100000 95960 72226 7616 89782 100000 95475 92723 100.000 100000 %0808 §7TR

Figure 17 Descriptive statistics from the final test of the control group's team problem solving
competence.

In Figure 17 we see the summary results of the team problem solving competence of the
final test of the control group students, which was conducted 6 months later. Each skill is again
rated on a scale from 0 to 100. The mean scores (average) continue to be close to the median
for all skills, again indicating a fairly even distribution of scores across all subcompetencies.
The mean scores in the second exam are comparable to those in the first exam. The mode, or
most common value, varied between skills, but for some a maximum value of 100 was reached.
Standard deviations continue to be high for most skills, again indicating a wide variation in
student performance. The minimum and maximum scores for all skills were comparable to
those of the first exam, with the maximum score for some skills reaching the maximum score
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of 100. The coefficient of variation (the ratio between the standard deviation and the mean) is
relatively stable for all skills, similar to the first exam. This indicates that the variation in scores
continues to be similar across skills. Statistically, the data from the second exam is similar to
the first exam.

Figure 18 shows the descriptive statistics from the initial test to investigate the team
problem solving competence of the experimental group.
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Figure 18 Descriptive statistics from the initial test of the team problem solving competence of
the experimental group

Let's look at the test statistics to determine the entry level of the team problem solving
competence of the experimental group. Each skill is rated on a scale from 0 to 100. The mean
scores (average) continue to be close to the median for all skills, indicating an even distribution
of scores. The mode, or most frequent value, varies between skills. Standard deviations are high
for most skills, indicating a wide variation in student performance. Minimum and maximum
scores for all skills are varied, with maximum scores for some skills being high and for others
being low. The coefficient of variation (the ratio of the standard deviation to the mean) is
relatively stable for all skills. This indicates that the variation in scores is similar across skills.
When comparing the results of the experimental group with the control group at their entry
level, it can be seen that they are very similar, which means that the two groups are equivalent
in terms of their competence for team problem solving. The mean scores of the experimental
group are similar or slightly lower than those of the control group in most skills. The standard
deviations of the experimental group were as high, if not higher, than those of the control group,
which also indicates a large variation in the student performance of the experimental group.
The maximum and minimum scores for the experimental group are just as varied as for the
control group, indicating that in both groups some students score very high while others score
very low. The mode, or most frequent value, for the experimental group is very similar to the
control group, again showing the similarity between the two groups. From the statistics
examined, we can conclude that the two groups are equivalent and have a very similar level of
competence for team problem solving.

Figure 19 shows the descriptive statistics from the final test to examine the team problem
solving competence of the experimental group.
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Figure 19 Descriptive statistics from the final test of the team problem solving competence of
the experimental group

In analyzing the results of the final test of the experimental group of students, we can draw
the following conclusions. The average score is the highest for the skills Al (70.255), C1
(71.907) and A2 (68.932). These are discovering perspectives and abilities of team members,
communicating with team members about the actions to be/being performed, and discovering
the type of collaborative interaction to solve the problem, along with goals. The lowest mean
score is for skill B1 (43.507), which is forming a shared understanding and discussing the nature
of the problem. The standard deviation is highest for D1 (26.834), indicating a wide variation
in student performance on this skill, which is monitoring and adjusting for shared understanding
of the nature of the problem.

Let's compare the experimental group's performance on the entry and exit tests. The average
score improved in all skills, with the greatest improvement in A1, A2, A3 and B1. These are
the skills of understanding team members' perceptions and abilities, understanding the nature
of collaboration and goal formulation, understanding each team member's role in problem
solving, and forming a shared understanding and discussion of the nature of the problem. The
distribution of scores (as shown by the standard deviation) is broader, indicating that students
have more diversity in their abilities after the course.

Let us also compare the final results of the experimental and control groups. The data shows
that the mean scores of the experimental group are significantly higher than those of the control
group for all skills. The skills with the largest differences in mean scores are A1, A2 and C1.
These are understanding the perceptions and abilities of team members, understanding the
nature of collaboration and goal formulation, and discussing with team members what actions
should be taken to solve the problem. And the skills with the smallest differences are A3, D1
and C2. These are understanding each team member's role in solving the problem, monitoring
and adjusting the shared understanding of the nature of the problem, and proposing an action
plan.

In this dissertation, a statistical test is performed to show whether there are statistically
significant differences between the control and experimental groups. The statistical software
JASP was used to perform the statistical test of significance of the results.

The null hypothesis in our experiment states that there is no statistically significant
difference in the means between the two groups, control and experimental, before and after the
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experimental group is trained on the platform. Before testing the hypothesis, we check for
normality and equality of variances. There are significant results suggesting deviation from
normality for all variables from Al to D3 in the initial and final tests for the control and
experimental groups. Because of the deviations from normality, the Mann-Whitney U test for
equality of means is selected as appropriate without the need to test for equality of variances.

We choose a t-test with one-sided criterion for independent samples. From the results of the
statistical test we can draw several conclusions. First, we see that there is no statistically
significant difference between the prior means (p>0.025), while all differences from the next
test are statistically significant (p<0.025). Therefore, we must accept the alternative hypothesis
that the means of the control group are lower than those of the experimental group. The effect
size of the differences for the Mann-Whitney U-test is determined by the rank-biserial
correlation. All values were between 0.3 and 0.5, corresponding to medium effects. The largest
difference is at C3 (post-test) with |r|=0.446, related to the task completion skills undertaken by
team members. This was followed by B2 (post-test) (|r|=0.431), related to improving the skills
of identifying and allocating tasks within the group, then D1 (post-test) (|r|=0.388), related to
improving feedback among team members, and D2 (post-test) (|r|=0.381), related to improving
the skills of evaluating the results of problem solving. The lowest performance was for C2
(post-test), where |r|=0.322, related to plan execution skills.

Differences between boys and girls in the experimental group were examined. The Shapiro-
Wilk test for normality showed a normal distribution for both groups for Al (pretest), B2
(pretest), C2 (pretest), B1 (posttest), B2 (posttest), B3 (posttest), and D3 (posttest). Lewin's test
for equality of variances showed homogeneity of groups (p>0.05 in all pre-tests or post-tests of
the variables. As a result of the assumption checks, we choose the Stuart test for equality of
means for the above seven variables that are normally distributed and the Mann-Whitney test
for the remaining variables. The effect size values are low, i.e., less than 0.3. We have a
reduction in the performance differences between boys and girls in the experimental group for
Al, A3, B1, B2, C1, C2, C3, D1, D2 and D3. Increasing differences we have at A2 and B3.
Initial tests show that girls score higher than boys in collaborative problem-solving competence,
which is consistent with PISA 2015 results. But with training, these differences narrow.

Conclusions

Based on the analyses conducted from the research results, the following conclusions
can be drawn:

* Working with the information system improves students' team problem-solving
skills;

* Working with the information system improves students’ teamwork skills;

» Working with the information system improves students’ problem-solving skills;

* Working with the information system narrows the gap in mastery of team
problem-solving competency.

31



Conclusion
Main results of the study

e International concepts and frameworks for implementing 21st century skills in
educational settings are explored and described. The frameworks are compared, and the
common and distinguishing characteristics are described.

e International concepts and frameworks for the implementation of team problem-solving
competence are explored and described. The international frameworks of PISA,
CRESST and ATC21s are described. The frameworks are compared, and the common
and distinguishing features are described.

e International best practices in the implementation of information systems in educational
environments are studied and described.

e A methodology for assessing team problem-solving competence is described. The
competency is divided into twelve skills. These skills are understanding the perceptions
and abilities of team members, understanding the nature of collaboration and goal
formulation, understanding the role of each team member in solving the problem,
forming a shared understanding and discussing the nature of the problem, defining and
presenting the tasks to be accomplished, defining the role of each team member and
team organization , discussing with team members what actions should be taken to solve
the problem, proposing an action plan

e We describe the methodology for creating and implementing an information system to
improve team problem-solving competence.

e The system has been developed and implemented in the school's physics and astronomy
and information technology courses in grades from seventh to tenth in 125th school
"Boyan Penev" in Sofia.

e A didactic experiment was conducted with control and experimental groups with
seventh to tenth grade students from 125th "Boyan Penev" High School.

Key findings from the study

e When an information system is appropriately selected and implemented, students' team
problem-solving skills improve.

e With an appropriately selected and implemented information system, students'
teamwork skills are improved.

e With an appropriately selected and implemented information system, students'
competence in team problem solving is improved.

e Girls were found to perform better on tests of team problem-solving competence.
However, when students work with the information system, the difference in the degree
of mastery of team problem solving competence between boys and girls decreases.

Prospects for future research development
The work on this dissertation can be developed in the following directions.
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1.

The methodology is developed for team-based physical problem solving. A
methodology can be made for team solving interdisciplinary problems. On the one
hand this will make the model more complex, but on the other hand the problems will
be closer to real examples.

The research could focus on the question of the influence of age in the development of
team problem solving competence in physics. More schools should be selected for this
purpose, which again makes the study more complex in terms of organisation and
resources required.

Contributions

Theoretical

1.

A model for team problem solving in physics is created. Basic teamwork skills are
formulated and serve as performance indicators.

Designed an information system based on the teamwork model to examine teamwork
and physical problem-solving skills.

Criteria are formulated for the degree of skills formation.

Applied

1.
2.
3.

A toolkit has been developed for the team activity information system.

Testing and refining the platform for its full deployment in a school environment.
Implementation of the platform in a real school environment in compulsory and
optional education.
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