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The dissertation is structured in an introduction, three chapters, a conclusion, contributions, 

publications related to the dissertation, a bibliography and five appendices. The dissertation 

consists of 192 pages, of which 173 pages are the main text. 197 sources are cited, of which 

179 in English and 18 in Bulgarian. The dissertation contains 10 tables and 45 figures.  

 

The main results of the thesis have been published in 7 author publications and reported in 18 

papers at international and national conferences. 
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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 



 
 

4 
 

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. 
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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. 
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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). 
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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).  
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       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). 
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 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        (1) 

 

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:  

                                               (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: 

                                                     (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: 

                (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: 

 

                                                  (6) 

 

Here 𝜀 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: 

 

                                                             (7) 

 

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

 

𝑑𝑦

𝑑𝑡
= 𝑓(𝑦, 𝑡) 

y0 = p    f0 = ay0 – by0y1                             (8) 

y1 = P     f1 = by0y1 – my1  

 

 

The Runge-Kutta method is based on the formal integral of the differential equation 

(Runge, 1895) (Kutta, 1901): 

𝑑𝑦(𝑡)

𝑑𝑡
= 𝑓(𝑡, 𝑦) ⇒ 𝑦(𝑡) = ∫ 𝑓(𝑡, 𝑦)𝑑𝑡 ⇒ 𝑦[𝑛 + 1] = 𝑦[𝑛] + ∫ 𝑓(𝑡, 𝑦)𝑑𝑡                   (9)

𝑡[𝑛+1]

𝑡[𝑛]

 

 

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(𝑡, 𝑦) ≅ 𝑓(𝑡[𝑛 +
1

2
], 𝑦[𝑛 +

1

2
]) + (𝑡 − 𝑡[𝑛 +

1

2
])

𝑑𝑓

𝑑𝑡
|𝑡 = 𝑡[𝑛 +

1

2
] + 𝛰(ℎ2)   (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: 

∫ 𝑓(𝑡, 𝑦)𝑑𝑡 ≅
𝑡[𝑛+1]

𝑡[𝑛]

∫ 𝑓(𝑡[𝑛 +
1

2
], 𝑦[𝑛 +

1

2
])𝑑𝑡 ≅ 𝑓(𝑡[𝑛 +

1

2
], 𝑦[𝑛 +

1

2
])ℎ

𝑡[𝑛+1]

𝑡[𝑛]

          (12) 

    𝑦[𝑛 + 1] ≅ 𝑦[𝑛] + ℎ𝑓(𝑡[𝑛 +
1

2
], 𝑦[𝑛 +

1

2
])                 (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: 

   𝑦[𝑛 +
1

2
] ≅ 𝑦[𝑛] +

𝑑𝑦

𝑑𝑡

ℎ

2
= 𝑦[𝑛] +

ℎ

2
𝑓(𝑡[𝑛], 𝑦[𝑛])                                (14)     

                        

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

𝑦[𝑛 + 1] ≅ 𝑦[𝑛] + 𝑘2         (15) 

𝑘2 = ℎ𝑓(𝑡[𝑛] +
ℎ

2
, 𝑦[𝑛] +

𝑘1

2
)        (16) 

𝑘1 = 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): 

𝑦[𝑛 + 1] = 𝑦[𝑛] +
1

6
(𝑘1 + 2𝑘2 + 2𝑘3 + 𝑘4)      (18) 

𝑘1 = ℎ𝑓(𝑡[𝑛], 𝑦[𝑛]),          (19) 

𝑘2 = ℎ𝑓 (𝑡[𝑛] +
ℎ

2
, 𝑦[𝑛] +

𝑘1

2
),        (20) 

𝑘3 = ℎ𝑓 (𝑡[𝑛] +
ℎ

2
, 𝑦[𝑛] +

𝑘2

2
),        (21) 

𝑘4 = ℎ𝑓(𝑡[𝑛] + ℎ, 𝑦[𝑛] + 𝑘3)        (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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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. 

 

 

 
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: 

• The predator lives (the cell remains yellow) if there is a prey around it. 

• The predator dies (the cell turns black) if there are no preys around it. 

When the active cell is the prey: 

• The prey lives (the cell remains blue) if there are no predators around it. 

• The prey dies (the cell turns black) if there are a sufficient number of predators around 

it. 

• If there are too many predators around the prey, then the prey dies, and a predator is 

born in its place (the cell turns yellow). 

• If the number of predators is greater than zero and less than 5, then the prey remains 

alive. 

• If the number of predators is equal to or greater than five, then the prey dies, and a 

predator is born in its place. 

• 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): 

• An empty 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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• An empty cell becomes a predator (the cell turns yellow) if the number of adjacent 

predators is greater than the number of adjacent preys. 

• 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.  

 

 

 

 

 

 

   
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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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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Figure 10.  Screenshot of the team problem solving part 1. 

 

 
Figure 11.  Screenshot of the team problem solving part 2. 

 

In Figure 12 the computer agents Ivan 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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Figure 12.  Screenshot of the team problem solving part 3. 

 

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.  

 

 
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. 

 

 

 
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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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: 

• (A1) discovering perspectives and abilities of team members,  

• (A2) 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. 

 

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: 

A1: discovering perspectives and abilities of team members,  

A2: 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 A1, 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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Figure 16 Descriptive statistics from the initial test of the team problem solving competence of 

the control group 

 

 

 

 
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. 

 

 
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 A1 (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 A1 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 A1 (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 

A1, 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. 
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Conclusion 

 

Main results of the study 

 

• 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. 

• 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. 

• International best practices in the implementation of information systems in educational 

environments are studied and described. 

• 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 

• We describe the methodology for creating and implementing an information system to 

improve team problem-solving competence. 

• 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. 

• 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 

 

• When an information system is appropriately selected and implemented, students' team 

problem-solving skills improve. 

• With an appropriately selected and implemented information system, students' 

teamwork skills are improved. 

• With an appropriately selected and implemented information system, students' 

competence in team problem solving is improved. 

• 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. 

2. 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. 

2. Designed an information system based on the teamwork model to examine teamwork 

and physical problem-solving skills. 

3. Criteria are formulated for the degree of skills formation. 

 

Applied 

 

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

2. Testing and refining the platform for its full deployment in a school environment.  

3. Implementation of the platform in a real school environment in compulsory and 

optional education. 

 

 

Publications related to the dissertation 

 

Conferences: 

 

1. Building a Network to Support and Improve High-School Physics Education, Harvard 

University and National Science Foundation (NSF), 13-17 July 2020, Collaborative 

Problem Solving, Fabien Kunis. 

2. 48th National Conference on Physics Education on "Nuclear Physics and Energy in 

Physics Education" 2-4 October 2020, Sofia. "The use of interactive simulations, videos 

and animations in the teaching of atomic and nuclear physics in the school course", 

Fabien Kunis 

3. 49th National Conference on Physics Education "Physics in STEM Education in 

Secondary and Higher Education" June 4-6, 2021, Vidin. "The use of mobile devices in 

the school experiment in physics and astronomy in curricular and extra-curricular school 

activities", Fabien Kunis. 

4. 49th National Conference on Physics Education "Physics in STEM Education in 

Secondary and Higher Education" June 4-6, 2021, Vidin. "Opportunities and Practices 



 
 

34 
 

in Implementing Teamwork in STEM Learning Environments", Fabien Kunis, Maya 

Gaidarova 

5. Harvard Summer 2021 Free Virtual Conference: PoLS-T Exchange: 'Building a Global 

Network of High School Physics Teachers', How to Engage Students in Collaborative 

Learning, Fabien Kunis, 29.06.2021 - 01.07.2021 

6. National Conference with International Participation "Educational Technologies 2021", 

Possibilities for analysis of damping vibration through a partially computer-based 

learning experiment in physics, Konstantin P. ILCHEV, Fabien T. KUNIS, Vesela V. 

DIMOVA, Christina A. MARKOVSKA, 06.09.2021 - 09.09.2021 

7. National Conference with International Participation "Educational Technologies 2021", 

Improving students' understanding of kinematic and dynamic description of 

acceleration through partially computer-based learning experiment in physical 

experiment, Konstantin P. ILCHEV, Fabien T. KUNIS, Vesela V. DIMOVA, Christina 

A. MARKOVSKA, 06.09.2021 - 09.09.2021 

8. The Ninth International Conference "Modern Trends in Science" (FMNS-2021), 

Analysis of problem-based learning in physics from the perspective of integrated STEM 

education, Ivelina Kotseva, Maya Gaydarova, Fabien Kunis, Konstantin Ilchev, 

15.09.2021-19.09.2021, Blagoevgrad, Bulgaria 

9. The Ninth International Conference "Modern Trends in Science" (FMNS-2021), 

Applying collaborative activities in high school physics course during hybrid model of 

learning, Fabien Kunis, Ivelina Kotseva, Maya Gaydarova, 15.09.2021-19.09.2021, 

Blagoevgrad, Bulgaria 

10. 2022 Annual Meeting of the International Physics of Living Systems (iPoLS) Network, 

May 31 - June 3 2022, Montpellier, France, Think globally, act locally, Collaborative 

problem solving, Fabien Kunis. 

11. 50th National Conference on Physics Education "Climate Change and Physics 

Education", June 2 - 5, 2022, Varna, Bulgaria, Paper on "Improving Teamwork Skills 

in Climate Change Education in Physics Education", authors.  

12. 50th National Conference on Physics Education on "Climate Change and Physics 

Education", June 2 - 5, 2022, Varna, Bulgaria, Paper entitled: "Applying the e-research 

approach to the study of climate change" by Fabien Kunis. 

13. 48th International Conference Applications of Mathematics in Engineering and 

Economics, 7 - 13 June 2022, Sozopol, Bulgaria, Improving Collaborative Problem-

Solving Competency through Information Systems in Physics Education, Fabien Kunis, 

Maya Gaydarova, Ivelina Kotseva 

14. 11th International Conference of the Balkan Physical Union, 28 August - 1 September 

2022, Belgrade, Serbia, Report on Improving the Students' Learning of Optics and 

Atomic and Molecular Physics by Computer-assisted Spectroscopic School 

Experiments (S14-PEHPP-104) 

15. Merry V. Dimova, Milena K. Stoyanova, Konstantin P. Ilchev, Fabien T. Kunis, 

Bozhidar N. Bozov, Christina A. Markovska, "Possibilities for improving the learning 

of mechanics material through a partial computer-based learning experiment in physics" 

(Vesela V. Dimova, Milena K. Stoyanova, Konstantin P. Ilchev, Fabien T. Kunis, 

Bojidar N. Bozov, Christina A. Markovska, "Opportunities for improving the learning 

of mechanical course material through partiallt computer-based physics learning 

experiment"), Announcements of Union of Scientists Sliven, vol. 37 (1), pp. 160-165 

(2022) 

16. Fabien Kunis, Konstantin Ilchev, Milena Stoyanova, Vesela Dimova, Tsanislava 

Genova, Stefan Valkov, Christina Andreeva, "Improving the students' learning of optics 

and atomic and molecular physics by computer-assisted school experiments", 



 
 

35 
 

Proceedings of the International Scientific Conference UniTech 2022, p.II-256-II-260 

(2022). 

17. Fabien Kunis, Konstantin Ilchev, Milena Stoyanova, Vesela Dimova, Tsanislava 

Genova, Stefan Valkov, Christina Andreeva "Improving the students' learning of optics 

and atomic and molecular physics by computer-assisted school experiments", paper at 

the International UniTech Conference, 18-19.11.2022 Gabrovo, Bulgaria 

18. Merry V. Dimova, Milena K. Stoyanova, Konstantin P. Ilchev, Fabien T. Kunis, 

Bozhidar N. Bozov, Khristina A. Markovska, "Opportunities to improve the learning of 

mechanics material through a partial computer-based learning experiment in physics", 

paper presented at the 18th National Conference with International Participation 

"Educational Technologies 2022", Sofia, Bulgaria. "Educational Technology 2022", 

18th International Conference on Educational Technology 2022, Kavarna, 6-8 

September 2022. 

 

Scientific papers: 

 

1. Kunis, F., & Dimitrov, M. (2020). Investigating the Lotka-Volterra model using 

computer simulation. Open Schools Journal for Open Science, 3(10). 

doi:https://doi.org/10.12681/osj.24890 

2. Ivelina Kotseva, Maya Gaydarova, Fabien Kunis, Konstantin Ilchev, Analysis of 

problem-based learning in physics from the perspective of integrated STEM education, 

Bulgarian Chemical Communications, Volume 54, Special Issue B2, 2022 

3. Fabien Kunis, Ivelina Kotseva, Maya Gaydarova, Applying collaborative activities in 

high school physics course during hybrid model of learning, Bulgarian Chemical 

Communications, Bulgarian Chemical Communications, Volume 54, Special Issue B2, 

2022 

4. Kunis, F. T., Dimitrov, M., & Markova, D. (2022). Simulating Predator-Prey System 

by Cellular Automata. Open Schools Journal for Open Science, 5(2). 

https://doi.org/10.12681/osj.31250 

5. Teodora Vasileva, Fabien Kunis, "Manipulating Pixels, Graphic Images and Video 

Using Javascript", Science, Engineering & Education, Volume 7, Iss. 1, 2022, ISSN 

2534-8507 (print), ISSN 2534-8515 (on line) 

6. Daniel Kolev, Martin Kostov, Fabien Kunis, "Creating a Physical Wallet for 

Cryptocurrencies", Science, Engineering & Education, Volume 7, Iss. 1, 2022, ISSN 

2534-8507 (print), ISSN 2534-8515 (on line) 

7. Fabien Kunis, Ivelina Kotseva, Maya Gaydarova, Improving Collaborative Problem-

Solving Competency through Information Systems in Physics Education, AIP 

Conference Proceedings, under review. 

 

 

 

Bibliography 

 

American Educational Research Association, American Psychological Association, & 

National Council on Measurement in Education (2014). Standards for educational and 

psychological testing. American Educational Research Association. 

Ananiadoui, K. and Claro, M., 2009. 21st century skills and competences for new 

millennium learners in OECD countries. 

https://doi.org/10.12681/osj.31250


 
 

36 
 

Aronson, E. , Stephan, C. , Sikes, J. , Blaney, N. , and Snapp, M. The Jigsaw Classroom, 

Sage Publications, Inc., Beverly Hills, California, 1978 

Australian Curriculum, Assessment and Reporting Authority (ACARA) (2013). General 

Capabilities in the Australian Curriculum. Retrieved from 

http://www.australiancurriculum.edu.au/GeneralCapabilities/Pdf/Overview 

Baghaei, N., Mitrovic, A., & Irwin, W. (2007). Supporting collaborative learning and 

problem solving in a constraint-based CSCL environment for UML class diagrams. 

International Journal on Computer-Supported Collaborative Learning, 2(2), 159-190. 

Bennett, R. E. (2015). The changing nature of educational assessment. Review of Research 

in Education, 39(1), 370-407. 

Bennett, R. E., & Ward, W. C. (2015). A review of the research on computer-based (CB) 

assessment. In Handbook of research on educational communications and technology 

(pp. 141-155). Springer. 

BENNETT, R.E. (1993), "On the meanings of constructed response", in R.E. Bennett (ed.), 

Construction vs. Choice in Cognitive Measurement: Issues in Constructed Response, 

Performance Testing, and Portfolio Assessment, Lawrence Erlbaum Associates, 

Hillsdale, NJ, pp. 1-27. 

Bingimlas, K. A. (2009). Barriers to the successful integration of ICT in teaching and 

learning environments: A review of the literature. Eurasia Journal of Mathematics, 

Science & Technology Education, 5(3), 235-245. 

Buzzetto-More, N. A. (2009). Testing in the 21st century: Is it time to move past the 

traditional paper and pencil test? Online Journal of Distance Learning Administration,  

Chi, M. T. H., Glaser, R., & Farr, M. J. (1988). The nature of expertise. Mahwah, NJ: 

Lawrence Erlbaum Associates. 

Cohen, E. G., Lotan, R. A., Scarloss, B. A., & Arellano, A. R. (1999). Complex instruction: 

Equity in cooperative learning classrooms. Theory into Practice, 38, 80-86. 

COUNCIL RECOMMENDATION of 22 May 2018 on key competences for lifelong 

learning, (2018/C 189/01), https://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:32018H0604(01)&from=EN 

Daniel Kolev, Martin Kostov, Fabien Kunis, "Creating a Physical Wallet for 

Cryptocurrencies", Science, Engineering & Education, Volume 7, Iss. 1, 2022, ISSN 

2534-8507 (print), ISSN 2534-8515 (on line) 

Dillenbourg, P. (1999). What do you mean by 'collaborative learning'? In P. Dillenbourg 

(Ed.) Collaborative-learning: Cognitive and computational approaches (pp. 1-19). 

Oxford, UK: Elsevier. 

Fabien Kunis, Ivelina Kotseva, Maya Gaydarova, Applying collaborative activities in high 

school physics course during hybrid model of learning, Bulgarian Chemical 

Communications, Bulgarian Chemical Communications, Volume 54, Special Issue B2, 

2022 

Fabien Kunis, Ivelina Kotseva, Maya Gaydarova, Improving Collaborative Problem-

Solving Competency through Information Systems in Physics Education, AIP 

Conference Proceedings, under review 

Garet, M. S., Porter, A. C., Desimone, L., Birman, B. F., & Yoon, K. S. (2001). What makes 

professional development effective? Results from a national sample of teachers. 

American Educational Research Journal, 38(4), 915-945. 

http://www.australiancurriculum.edu.au/GeneralCapabilities/Pdf/Overview
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018H0604(01)&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018H0604(01)&from=EN


 
 

37 
 

Garofalo, J., & Lester, F. K. (1985). Metacognition, cognitive monitoring, and 

mathematical performance. Journal of Research in Mathematics Education, 16, 163-

176. 

Gerace, W. J. (2001). Problem solving and conceptual understanding. In S. Franklin, J. 

Marx, & K. Cummings (Eds.), Proceedings of the 2001 Physics Education Research 

Conference (pp. 33-36). Rochester, NY: PERC Publishing. 

Griffin, P., McGaw, B., & Care, E. (2012). Assessing and teaching 21st century skills. 

Dordrecht: Springer. 

Hesse, F., Care, E., Buder, J., & Sassenberg, K., & Griffin, P. (2015). A framework for 

teachable collaborative problem solving skills. Assessment and Teaching of 21st 

Century Skills: Methods and Approach. Dordrecht: Springer. 

Hew, K. F., & Brush, T. (2007). Integrating technology into K-12 teaching and learning: 

current knowledge gaps and recommendations for future research. Educational 

Technology Research and Development, 55(3), 223-252. 

Ivelina Kotseva, Maya Gaydarova, Fabien Kunis, Konstantin Ilchev, Analysis of problem-

based learning in physics from the perspective of integrated STEM education, Bulgarian 

Chemical Communications, Volume 54, Special Issue B2, 2022 

Kozma, R. (2009). Assessing and teaching 21st century skills: A call to action. In F. 

Schueremann & J. Bjornsson (Eds.), The transition to computer-based assessment: New 

approaches to skill assessment and implications for large scale assessment (pp. 13-23). 

Brussels: European Communities. 

Kunis, F. T., Dimitrov, M., & Markova, D. (2022). Simulating Predator-Prey System by 

Cellular Automata. Open Schools Journal for Open Science, 5(2). 

https://doi.org/10.12681/osj.31250 

Kunis, F., & Dimitrov, M. (2020). Investigating the Lotka-Volterra model using computer 

simulation. Open Schools Journal for Open Science, 3(10). 

https://doi.org/10.12681/osj.24890 

Kutta, M., 1901. Beitrag zur näherungweisen Integration totaler Differentialgleichungen. 

Zeitschrift für Mathematik und Physik 

Larson, L. C., & Miller, T. N. (2011). 21st century skills: Prepare students for the future. 

Kappa Delta Pi Record, 47(3), 121-123. 

Lester, F. K. (1994). Musings about mathematical problem-solving research: 1970-1994. 

Journal for Research in Mathematics Education, 25, 660-675. 

Moore, M. G., & Kearsley, G. (2011). Distance education: A systems view of online 

learning. Cengage Learning. 

Morgan, B. B., Salas, E., & Glickman, A. S. (1993). An analysis of team evaluation and 

maturation. Journal of General Psychology, 120 (3), 277-291. 

National Research Council. 2011. Successful K-12 STEM Education: Identifying Effective 

Approaches in Science, Technology, Engineering, and Mathematics. Washington, DC: 

The National Academies Press. https://doi.org/10.17226/13158. 

O'Neil, H. F. Jr. (1999). Perspectives on computer-based performance assessment of 

problem solving: Editor's introduction. Computers in Human Behavior, 15, 255-268. 

O'Neil, H. F. Jr, Chung, G., & Brown, R. (1997). Use of networked simulations as a context 

to measure team competencies. In H. F. O'Neil, Jr. (Ed.), Workforce readiness: 

https://doi.org/10.12681/osj.31250
https://doi.org/10.12681/osj.24890


 
 

38 
 

Competencies and assessment (pp. 411-452). Mahwah, NJ: Lawrence Erlbaum 

Associates. 

O'Neil, H. F., Chuang, S., & Chung, G. K. W. K. (2004). Issues in the computer- based 

assessment of collaborative problem solving. Assessment in Education, 10, 361-373. 

OECD. (2014). PISA 2012 Results. PISA: OECD Publishing. 

OECD. (2017). PISA: OECD Publishing. 

Organisation for Economic Co-operation and Development (OECD) & Expert Group on 

Problem Solving in Technology-Rich Environments (PIAAC) (2009) Problem solving 

in technology-rich environments: A conceptual framework. OECD Education Working 

Paper No. 36. Retrieved from http://hdl.voced.edu.au/10707/52482. 

Organisation for Economic Co-operation and Development (OECD) (2003). The PISA 

2003 Assessment framework: Mathematics, reading, science and problem solving 

knowledge and skills. Retrieved from 

http://www.oecd.org/edu/preschoolandschool/programmeforinternationalstude 

ntassessmentpisa/33694881.pdf 

Patrick Griffin, Barry McGaw, Esther Care; Springer Science & Business Media, Oct 20, 

2011; Assessment and Teaching of 21st Century Skills 

PISA 2012 Results: Creative Problem Solving: Students' skills in tackling real-life problems 

(Volume V), PISA, OECD Publishing 2014, https://doi.org/10.1787/9789264208070-

en 

PISA 2015 collaborative problem-solving framework, in PISA 2015 Assessment and 

Analytical Framework: Science, Reading, Mathematics, Financial Literacy and 

Collaborative Problem Solving, OECD Publishing, Paris, 

https://doi.org/10.1787/9789264281820-8-en. 

PISA 2015 Results (Volume V): Collaborative Problem Solving, PISA, OECD Publishing 

2017, Paris, https://doi.org/10.1787/9789264285521-en. 

PISA 2015: Draft Collaborative Problem Solving Framework. Retrieved from 

http://www.oecd.org/callsfortenders/Annex%20ID_PISA%202015%20Collaborative

%20Problem%20Solving%20Framework%20.pdf 

Press, W. H.; Flannery, B. P.; Teukolsky, S. A.; and Vetterling, W. T. "Runge-Kutta 

Method" and "Adaptive Step Size Control for Runge-Kutta." §16.1 and 16.2 in 

Numerical Recipes in FORTRAN: The Art of Scientific Computing, 2nd ed. 

Cambridge, England: Cambridge University Press, pp. 704-716, 1992. 

RECOMMENDATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL 

of 18 December 2006 on key competences for lifelong learning, (2006/962/EC), 

https://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:394:0010:0018:en 

Rottier, J. (1996). Teaming with success. The Education Digest, 62(2), 19. 

Runge, C. D. T., 1895. Über die numerische Auflösung von Differentialgleichungen. 

Springer. 

Rutten, N., van Joolingen, W. R., & van der Veen, J. T. (2012). The learning effects of 

computer simulations in science education. Computers & Education, 58(1), 136-153. 

Salleh, N., Mendes, E., & Grundy, J. (2011). Empirical studies of pair programming for 

CS/SE teaching in higher education: A systematic literature review. IEEE Transactions 

on Software Engineering, 37(4), 509-525. 

http://www.oecd.org/edu/preschoolandschool/programmeforinternationalstude%20ntassessmentpisa/33694881.pdf
http://www.oecd.org/edu/preschoolandschool/programmeforinternationalstude%20ntassessmentpisa/33694881.pdf
https://doi.org/10.1787/9789264208070-en
https://doi.org/10.1787/9789264208070-en
http://www.oecd.org/callsfortenders/Annex%20ID_PISA%202015%20Collaborative%20Problem%20Solving%20Framework%20.pdf
http://www.oecd.org/callsfortenders/Annex%20ID_PISA%202015%20Collaborative%20Problem%20Solving%20Framework%20.pdf


 
 

39 
 

Shiffman, D., 2012. The Nature of Code: Simulating Natural Systems with Processing. 1st 

ed. 

Singapore Ministry of Education (2015). 21st century competencies. Retrieved from 

https://www.moe.gov.sg/education/education-system/21st-century-competencies 

Slavin, R., Cooperative learning, Theory, research and practice. London, 1990 

Smetana, L. K., & Bell, R. L. (2012). Computer simulations to support science instruction 

and learning: A critical review of the literature. International Journal of Science 

Education, 34(9), 1337-1370. 

Soller, A. (2001). Supporting social interaction in an intelligent collaborative learning 

system. International Journal of Artificial Intelligence in Education, 12, 40-62. 

Sugrue, B. (1995). A theory-based framework for assessing domain-specific 

problemsolving ability. Educational Measurement: Issues and Practice, 13(3), 29-36. 

Teodora Vasileva, Fabien Kunis, "Manipulating Pixels, Graphic Images and Video Using 

Javascript", Science, Engineering & Education, Volume 7, Iss. 1, 2022, ISSN 2534-

8507 (print), ISSN 2534-8515 (on line) 

Thompson, L. L., Wang, J., & Gunia, B. C. (2010). Negotiation. Annual Review of 

Psychology, 61, 491-515. 

Trilling, B., & Fadel, C. (2009). 21st century skills: Learning for life in our times. England, 

UK: John Wiley & Sons. 

Von Davier, A. A., & Halpin, P. F. (2013). Collaborative problem solving and the 

assessment of cognitive skills: Psychometric considerations. Research Reports: 

Educational Testing Service. Retrieved from http://dx.doi.org/10.1002/j.2333-

8504.2013.tb02348.x 

Webb, N. M., Nemer, K. M., Chizhik, A. W., & Sugrue, B. (1998). Equity issues in 

collaborative group assessment: Group composition and performance. American 

Educational Research Journal, 35(4), 607-651. 

Wiggins, G. P. (1998). Educational assessment: Designing assessments to inform and 

improve student performance. San Francisco, CA: Jossey-Bass Publishers. 

Wilczenski, F. L., Bontrager, T., Ventrone, P., & Correia, M. (2001). Observing 

collaborative problem-solving processes and outcomes. Psychology in the Schools, 

38(3). 

Woolf, B. P. (2010). Building intelligent interactive tutors: student-centered strategies for 

revolutionizing e-learning. Morgan Kaufmann. 

Woolley, A. W., Chabris, C. F., Pentland, A., Hashmi, N., & Malone, T. (2010), Evidence 

for a collective intelligence factor in the performance of human groups, Science 330, 

686-688. 

World Economic Forum, 2016, The Future of Jobs, http://reports.weforum.org/future-of-

jobs-2016/chapter-1-the-future-of-jobs-and-skills/#hide/fn-1 

Zhang, J. (1998). A distributed representation approach to group problem solving. Journal 

of American Society of Information Science, 49(9), 801-809. 

Бижков Г., Реформаторска педагогика, С., 1994, стр. 172- 175 

Делор, Ж., Образованието -скрито съкровище., 1996  

ЗАКОН ЗА ПРЕДУЧИЛИЩНОТО И УЧИЛИЩНОТО ОБРАЗОВАНИЕ, обн. ДВ. 

бр.79 от 13.10.2015 г., ..., изм. и доп.  2023 г.) (акт. 07.02.2023 г.). 

https://www.moe.gov.sg/education/education-system/21st-century-competencies
http://dx.doi.org/10.1002/j.2333-8504.2013.tb02348.x
http://dx.doi.org/10.1002/j.2333-8504.2013.tb02348.x
http://reports.weforum.org/future-of-jobs-2016/chapter-1-the-future-of-jobs-and-skills/#hide/fn-1
http://reports.weforum.org/future-of-jobs-2016/chapter-1-the-future-of-jobs-and-skills/#hide/fn-1


 
 

40 
 

Министерство на образованието и науката, За прехода от знания към умения прехода 

от знания към умения, 2019. Retrieved from: https://web.mon.bg/upload/21561/II-

book.pdf 

Министерство на образованието и науката, Ключови компетентности в учебните 

предмети от системата на училищното образовани (Таблица), 2019. Retrieved 

from: https://web.mon.bg/upload/21798/Tablica-key-competences.pdf 

Министерство на образованието и науката, Компетентности и образование, 2019. 

Retrieved from: https://web.mon.bg/upload/21560/I-book.pdf 

Министерство на образованието и науката, Компетентностите и референтните рамки, 

2019. Retrieved from: https://web.mon.bg/upload/21562/III-book.pdf 

Министерство на образованието и науката, Практикум, 2019. Retrieved from: 

https://web.mon.bg/upload/21563/IV-book.pdf 

НАРЕДБА № 13 от 21.09.2016 г. за гражданското, здравното, екологичното и 

интеркултурното образование. Обн. - ДВ, бр. 80 от 11.10.2016 г. Retrieved from 

НАРЕДБА № 13 от 21.09.2016 г. за гражданското, здравното, екологичното и 

интеркултурното образование, Обн. - ДВ, бр. 80 от 11.10.2016 г., в сила от 

11.10.2016 г.; изм. и доп., бр. 80 от 28.09.2018 г., в сила от 28.09.2018 г. Издадена 

от министъра на образованието и науката 

НАРЕДБА № 5 от 30.11.2015 г. за общообразователната подготовка, Обн. - ДВ, бр. 

95 от 08.12.2015 г., в сила от 08.12.2015 г. Издадена от министъра на 

образованието и науката 

НАРЕДБА № 5 от 30.11.2015 г. за общообразователната подготовка. Обн. - ДВ, бр. 

95 от 08.12.2015 г. Retrieved from 

Светла Петрова, Центъра за оценяване в предучилищното и училищното 

образование, „Оценяване на компетентността да се решават проблеми в PISA 

2012“, 2014.  Retrieved from:  

https://www.copuo.bg/sites/default/files/uploads/docs/2014-04/PS_Chapter_BGR.pdf 

Светла Петрова, Центъра за оценяване в предучилищното и училищното 

образование, „Модулът на PISA 2015 „Решаване на проблеми в сътрудничество“. 

Концепция на изследването, анализ на резултатите и примерни въпроси“, 2017.  

Retrieved from:  https://www.copuo.bg/sites/default/files/uploads/docs/2017-

11/PISA_2015_Collaborative_Problem_Solving__BGR_.pdf 

Тодорина Д., Технология на груповата учебна дейност., С., 1994 

Харалампиев, К., Въведение в основните статистически методи за анализ (второ 

преработено и допълнено издание), ИК Балон, 2012 

Центъра за оценяване в предучилищното и училищното образование, 

„Предизвикателства пред училищното образование“, 2013.  Retrieved from:  

https://www.copuo.bg/sites/default/files/uploads/docs/2013-12/PISA_2012.pdf 

Центъра за оценяване в предучилищното и училищното образование, „Резултати от 

участието на България в Програмата за международно оценяване на учениците 

PISA 2015“, 2016.  Retrieved from:  

https://www.copuo.bg/sites/default/files/uploads/docs/2016-12/book_2016_web.pdf 

 

https://web.mon.bg/upload/21798/Tablica-key-competences.pdf
https://web.mon.bg/upload/21560/I-book.pdf
https://www.copuo.bg/sites/default/files/uploads/docs/2014-04/PS_Chapter_BGR.pdf
https://www.copuo.bg/sites/default/files/uploads/docs/2013-12/PISA_2012.pdf
https://www.copuo.bg/sites/default/files/uploads/docs/2016-12/book_2016_web.pdf

