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TERMS AND ABBREVIATIONS USED IN THE DOCTORAL THESIS 

Terms  

Approbation research Research in which knowledge is acquired through practical 

observations and experience gained through experiments; the 

suitability of materials for the set aims is tested in practice. 

Diagnostic evaluation Assessing the learner’s strengths and weaknesses to identify 

the support needed. 

Digitalisation The process of converting information from a traditional 

format into a digital one.  

Digital ecosystem Technology-based ecosystem for intensive bridging 

education. 

Efficiency The ability to achieve the intended results using the resources 

and means available. 

Feedback  The process of information exchange, which is the most 

important part of formative evaluation. 

Formative 

assessment 

Assessment that serves a diagnostic purpose – all activities 

carried out by learners and the teacher to collect information 

about teaching and learning. 

Information and 

communication 

technologies (ICT) 

Technologies that are used to create, access, store, transfer 

and transform information (telecommunications, computers, 

sensors, data storage devices, audio-visual systems, 

software). 

Intensive bridging 

education (IBE) 

A pedagogical approach used to support learners’ individual 

development and mastery in a relatively short time. It focuses 

on each learner, their individual needs, requirements and 

abilities, striving to provide equal opportunities for all 

learners. 

Interactive learning 

material 

Material (various simulations, tasks, etc.) that gives instant 

feedback; it can be used through computers and different 

types of interactive whiteboards. 

Learner A person who is trying to gain knowledge or skill in 

something by studying, practicing, or being taught. 

 

Meta-competences 

 

“Generic” competences that cover a wide range of working 

conditions and promote adaptability and flexibility. They 

include learning, adapting, anticipating and creating change. 

Model A manifestation of the essential properties of a real system 

that reflects (simulates) the functioning (behaviour) of the 

system in a certain way and is used to study it. 

Module A relatively self-contained part of the learning process, a 

highly structured set of subjects and lessons designed to 

promote a particular specialisation or orientation. 

System A part of objective reality consisting of separate elements 

that interact with each other. 
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Summative 

assessment 

Aggregate assessment of learners’ performance. 

  

 

Abbreviations 

 

  

AI Artificial Intelligence 

CE Centralised Examination 

DT  Diagnostic Test 

IoT Internet of Things 

EC European Commission 

EICT 

 

Electronic and Optical Equipment Manufacturing, 

Information and Communication Technology 

EU European Union 

EUA  European University Association 

IDD  Introductory Diagnostic Test 

ICT Information and Communication Technologies 

IBE  Intensive Bridging Education 

MES Ministry of Education and Science 

CM Cabinet of Ministers 

NDD  Final Diagnostic Test 

NEF New Economics Foundation 

NIST National Institute of Standards and Technology 

OECD Organisation for Economic Co-operation and Development 

PISA test Programme for International Student Assessment (tests the 

skills and knowledge of pupils in reading, mathematics and 

science) 

RTU  Riga Technical University 

SOLO  Structure of Observed Learning Outcomes – a taxonomy for 

measuring the depth of a learner’s understanding  

STEM Science, Technology, Engineering and Mathematics 

UNESCO United Nations Educational, Scientific and Cultural 

Organisation 

NDT National Diagnostic Test 

NCE National Centre for Education 

VLE  Virtual Learning Environment 

VL  Virtual Laboratory 
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1. GENERAL DESCRIPTION OF THE DOCTORAL THESIS 

 

1.1. Topicality and Relevance of the Research  

The ongoing digital transformation of education has altered the requirements for 

curriculum design, teaching approaches, and learner competencies. Contemporary 

educational systems are expected to support the development of digital literacy, self-

regulated learning skills, and the ability to adapt to rapidly changing technological and 

social environments (European Commission, 2021; OECD, 2022). 

Within this context, STEM education has gained increasing importance due to its 

contribution to scientific and technological development and its role in preparing a qualified 

workforce. However, studies indicate that many students entering higher education 

demonstrate substantial differences in their prior knowledge of physics and other STEM 

subjects, creating challenges during the transition from secondary to higher education 

(Birziņa & Cēdere, 2019). 

To address these disparities, intensive bridging courses are widely used to support 

the consolidation of knowledge and skills prior to the commencement of higher education 

studies (Gorbunovs et al., 2016). Nevertheless, there remains a limited body of research 

addressing how digital learning technologies, learning analytics, personalised learning, and 

diagnostic assessment can be integrated into a coherent pedagogical framework for 

intensive bridging education in STEM. 

Therefore, this Doctoral Thesis focuses on the development and empirical 

evaluation of an e-ecosystem model for the pedagogical process of intensive bridging 

education (IBE). The proposed model provides a structured framework for organising 

technology-enhanced and personalised learning in physics during the transition from 

secondary to higher education. 

1.2. Research questions, object and subject of the research 

 

Research questions 

1. How can the pedagogical process e-ecosystem for intensive bridging education 

(IBE) in physics be characterised within the context of educational paradigm shifts 
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and technological development during the transition from secondary to higher 

education?  

2. How can the use of technology contribute to the effectiveness of the pedagogical 

process and the improvement of learners’ academic achievement in intensive 

bridging education (IBE) during the transition from secondary to higher education?  

3. What are the characteristics of the pedagogical process e-ecosystem that is most 

appropriate for this educational context? 

The object of research  

The pedagogical process e-ecosystem for intensive bridging education (IBE) in physics 

during the transition from secondary to higher education. 

 

The subject of research  

Intensive bridging education (IBE) in physics during the transition from secondary to 

higher education. 

 

1.3. Research Goal and Objectives. Empirical Basis of the Research 

 

The goal of the Doctoral Thesis is to investigate the pedagogical process e-ecosystem for 

intensive bridging education (IBE) in physics, analyse cognitive learning achievements, 

and develop an e-learning technology-based e-ecosystem model of the pedagogical process 

to support learning during the transition from secondary to higher education. 

 

Research objectives 

1. To investigate the social need for intensive bridging education (IBE) in physics 

during the transition from secondary to higher education within the context of 

sustainability, drawing upon findings from previous research and regulatory 

documents governing the Latvian education system.  

2. To develop criteria for an effective pedagogical process e-ecosystem for intensive 

bridging education (IBE) in physics during the transition from secondary to higher 

education, taking into account the requirements of twenty-first-century physics 

education at the upper-secondary level.  

3. To analyse the technological infrastructure required to support the pedagogical 

process e-ecosystem for intensive bridging education (IBE) in physics during the 
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transition from secondary to higher education and to develop an e-technology-based 

pedagogical process e-ecosystem model.  

4. To develop, pilot, and implement an e-technology-based system of online diagnostic 

tests and tasks for intensive bridging education (IBE) in physics during the transition 

from secondary to higher education.  

5. To analyse and evaluate the interrelationships among the developed e-technology 

usage scenarios, methodology, and metrics in relation to the development of 

learners’ competencies.  

6. To develop a pedagogical process e-ecosystem model for intensive bridging 

education (IBE) in physics and evaluate its suitability for improving learners’ 

academic achievement during the transition from secondary to higher education. 

The empirical basis of the research was established at Riga Technical University 

through the implementation of intensive bridging education (IBE) courses in physics during 

the transition from secondary to higher education. The study was conducted between 2015 

and 2021 and followed a design-based research approach, enabling the iterative design, 

implementation, refinement, and empirical evaluation of the proposed pedagogical process 

e-ecosystem model. 

The research involved 620 learners participating in intensive bridging education 

courses in physics. Additional stages of instrument validation and piloting involved physics 

teachers, secondary school students, and participants in national diagnostic assessments. 

During the course of the study, a system of diagnostic tests and learning tasks was 

developed and validated, while learners’ achievement was analysed using learning analytics 

and cognitive assessment approaches. 

The pedagogical process e-ecosystem model for intensive bridging education was 

refined through multiple iterative cycles informed by empirical evidence and the analysis 

of research findings. 

1.4. Research Methods 

Questionnaires and focus group discussions were employed to investigate the need 

for intensive bridging education and to analyse learners’ individual and group 

psychological well-being. During the development of diagnostic tests, learning materials, 



 
 

12 
 

and the technological infrastructure, a review of scientific and educational literature was 

conducted to identify the most appropriate approaches to the integration of digital learning 

technologies within intensive bridging courses. 

The validation study of the diagnostic tests involved the piloting of learning 

materials within the intensive bridging education process. Learners’ academic achievement 

was assessed using the structure of observed learning outcomes (SOLO) taxonomy, which 

enables the analysis of learners’ cognitive performance by identifying the complexity of 

knowledge structures and the depth of conceptual understanding demonstrated during the 

learning process (Biggs & Collis, 1982; Biggs, 1999; Biggs & Tang, 2011). 

The methodological framework of the study was based on design thinking and the 

design-based research (DBR) approach, which is widely applied in educational research for 

the development, testing, and refinement of innovative learning solutions in authentic 

educational settings. Design thinking is characterised as both a methodology and a mindset 

for generating creative solutions grounded in the investigation of human needs and 

behaviour (Vaishnavi & Kuechler, 2015). In educational research, this approach is 

employed to iteratively design and empirically evaluate pedagogical solutions in real-world 

learning environments (McKenney & Reeves, 2019; Razzouk & Shute, 2015). Within the 

context of the intensive bridging education (IBE) model, this approach facilitates the 

examination of the learning process as a dynamic pedagogical system in which various 

instructional scenarios are designed, implemented, and refined with the aim of creating 

added value through the enhancement of learners’ cognitive achievement. Design thinking 

is an iterative and flexible process that allows researchers to revisit earlier stages and 

improve proposed solutions on the basis of empirical evidence and experimental inquiry 

(Wrigley et al., 2018; Royalty, 2021). Such an approach enables the identification of 

shortcomings within the pedagogical process and supports the continuous improvement of 

learning solutions based on evidence obtained in authentic educational practice 

(Hess, 2020). 

The e-ecosystem model of the pedagogical process for intensive bridging education 

was developed and refined through an iterative design-based research cycle comprising 

problem analysis, pedagogical solution design, implementation in an authentic learning 

environment, and empirical evaluation of outcomes (analysis → design → implementation 

→ evaluation) (McKenney & Reeves, 2019; Vaishnavi & Kuechler, 2015). This approach 
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ensures a systematic connection between theoretical inquiry and the development of 

practical pedagogical solutions. 

To investigate factors influencing learners’ motivation, willingness, and 

opportunities to acquire knowledge within the IBE model, an empirical investigation was 

conducted. Two data collection methods were used to evaluate the effectiveness of the IBE 

pedagogical process: document content analysis and learner surveys. Document content 

analysis was applied to evaluate the achievement of educational objectives, while learner 

surveys provided information regarding learning needs, the attainment of learning 

objectives, and the overall learning experience. A more detailed description of the research 

methods is provided in the respective sections describing each stage of the study. 

1.5. Research Implementation Process 

The research was conducted over the period from 2014 to 2026. During the 

preparatory phase, diagnostic instruments and learning materials were developed and 

validated. Subsequently, between 2015 and 2021, an empirical study was carried out, during 

which the e-ecosystem model of the pedagogical process for intensive bridging education 

(IBE) was designed, piloted, refined, and evaluated. 

The research findings were systematically analysed, presented at international 

scientific conferences, and disseminated through peer-reviewed scientific publications. In 

the final phase of the study, the collected data were interpreted, synthesised, and integrated 

into the preparation of the Doctoral Thesis. 

1.6. Scientific Contribution and Practical Significance of the Research 

 

1. A pedagogical process e-ecosystem model for intensive bridging education (IBE) 

in physics during the transition from secondary to higher education has been 

developed. The model conceptualises the pedagogical process as an interconnected 

system integrating the learner, teacher, learning content, digital technologies, and 

learning environment within a unified functional framework. The proposed model 

extends the theoretical understanding of pedagogical process e-ecosystems in the 

context of intensive bridging education and provides a framework for organising 

technology-enhanced learning (Kapenieks et al., 2020). 
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2. An approach to the diagnosis and adaptive management of learning achievement 

has been developed and empirically substantiated by integrating diagnostic 

assessment, learning analytics, and cognitive achievement analysis based on the 

SOLO taxonomy (Biggs & Collis, 1982). The proposed approach enables the 

identification of learners’ prior knowledge and skills, supports the personalisation 

of learning, and facilitates the monitoring of learners’ progress throughout the IBE 

process. 

3. The suitability and effectiveness of the developed pedagogical process e-ecosystem 

model for intensive bridging education in physics have been empirically validated 

within the transition from secondary to higher education. The findings demonstrate 

that a personalised approach supported by diagnostic assessment and learning 

analytics contributes to the improvement of learners’ cognitive achievement and 

supports the effective organisation of intensive bridging education. 

The pedagogical process e-ecosystem model for intensive bridging education (IBE) 

developed within this research provides a practical framework for organising technology-

enhanced and personalised learning during the transition from secondary to higher 

education. The model supports curriculum planning, diagnostic assessment, learning 

process management, and the evaluation of learners’ academic achievement within a 

unified pedagogical framework. 

The proposed model and its methodological support have been implemented and 

evaluated in intensive bridging education courses in physics at Riga Technical University, 

involving 620 learners. The findings demonstrate the suitability of the model for organising 

learning in heterogeneous groups characterised by diverse levels of prior knowledge and 

skills. 

The diagnostic assessment system, task bank, and learning analytics solutions 

developed within the research can be applied to the identification of learners’ prior 

knowledge and skills, the design of personalised learning pathways, and the monitoring of 

learning progress in both secondary and higher education settings. 

The proposed approach is transferable to other STEM disciplines. Its applicability 

has been demonstrated in mathematics bridging courses, indicating its potential for broader 

use in intensive bridging education across STEM fields. 
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The findings and methodological solutions developed within this research are 

currently being utilised in the Latvian National Research Programme project AI4EDULAB: 

Advancing AI-Driven, Ethical and Labour Market-Aligned Personalised Learning Content 

(No. VPP-IZGLĪTĪBA-2025/1-0007). Within the project, the research outcomes contribute 

to the development of adaptive learning technologies, the design of personalised learning 

content, and the piloting of technology-enhanced learning solutions in higher education 

courses. 

The results of the research may be applied in higher education institutions, 

secondary schools, professional development programmes, and other educational contexts, 

where personalised, data-informed, and technology-supported learning processes are 

required. 

1.7. Thesis Statements to be Defended 

 

Thesis 1 

The developed and empirically validated pedagogical process e-ecosystem model facilitates 

the implementation of intensive bridging education (IBE) in physics during the transition 

from secondary to higher education. The model incorporates pedagogical scenarios 

specifically designed for intensive bridging education and contributes to the improvement 

of learners’ cognitive achievement. 

Thesis 2 

The developed and validated model provides a set of tools for the diagnostic assessment of 

learners’ knowledge, level of understanding, and depth of cognition. The model supports 

effective planning and implementation of the pedagogical process and enables personalised 

learning within intensive bridging education in physics. 

Thesis 3 

The developed metric characterises learning content across three cognitive levels and 

provides a framework for evaluating learners’ cognitive achievement in intensive bridging 

education in physics during the transition from secondary to higher education. The metric 

reveals learners’ development in the following areas: 
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• the use of physics concepts, relationships, symbols, and units; 

• understanding of physical phenomena and processes; 

• understanding and application of models; 

• understanding and application of functional relationships in problem-solving; 

• inquiry-based and investigative activities. 

Thesis 4 

The application of the developed metric to learning process data analysis demonstrates that 

the effectiveness of the pedagogical process is determined by the interaction between the 

learner and the learning environment, including: 

• alignment with intended learning outcomes; 

• the suitability of learning content and pedagogical processes for achieving 

learning outcomes; 

• the effectiveness of support measures; 

• the implementation of individual learning needs; 

• monitoring of learners’ activities and adherence to individual learning pathways. 

 

1.8. Research Limitations  

The study was conducted within the context of intensive bridging education (IBE) 

in physics during the transition from secondary to higher education. Consequently, the 

findings are primarily applicable to STEM education and comparable forms of bridging 

education. Although the proposed model may be adapted to other subject areas, its 

effectiveness beyond physics was not systematically investigated within the scope of this 

research. 

The empirical study was carried out at Riga Technical University. Therefore, the 

findings are influenced by the specific institutional and educational context in which the 

model was implemented. Further research is required to examine the transferability of the 

proposed model to other higher education institutions and educational systems. 
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The research focused primarily on the analysis of cognitive learning achievement 

through diagnostic assessment and learning analytics. Social, emotional, and motivational 

factors that may influence learning outcomes were not examined in depth.  

The findings reflect the effectiveness of the proposed model within the technological 

context in which the study was conducted. Continued developments in digital technologies, 

artificial intelligence, and learning analytics may necessitate further refinement of 

individual model components and their implementation strategies. 

1.9. Dissemination and Validation of Research Results 

The research results have been validated both in scholarly environments and in 

authentic educational practice. The development, refinement, and evaluation of the 

pedagogical process e-ecosystem model for intensive bridging education (IBE) were carried 

out over an extended period through research conducted at Riga Technical University 

between 2015 and 2021. 

The empirical validation of the model involved 620 learners participating in 

intensive bridging education courses in physics. Additional stages of instrument validation 

and piloting involved physics teachers, secondary school students, and participants in 

national diagnostic assessments. 

The findings of the research have been disseminated through 22 scientific 

publications addressing the theoretical foundations of the IBE model, digital learning 

technologies, diagnostic assessment, learning analytics, and the empirical validation of the 

proposed model (Juškaite & Cābelis, 2017, 2021; Juškaite, 2018a, 2018b; Juškaite, 2019a). 

The research outcomes have been presented at international scientific conferences, 

including INTED, ICERI, EDULEARN, CSEDU, SIE, and other conferences dedicated to 

educational technologies, STEM education, and the digital transformation of education 

(Juškaite, 2019a; Juškaite, 2019c). 

Individual components of the research and the developed solutions have also been 

validated through international collaboration involving educational institutions and 

researchers from Lithuania, the Czech Republic, Ukraine, and Israel, as well as through the 
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application of internationally recognised digital learning technologies and virtual 

laboratories. 

The outcomes of the research continue to be utilised in subsequent research and 

educational innovation initiatives, including the Latvian National Research Programme 

project AI4EDULAB: Advancing AI-Driven, Ethical and Labour Market-Aligned 

Personalised Learning Content (No. VPP-IZGLĪTĪBA-2025/1-0007). 

1.10. Structure of the Doctoral Thesis 

 

The Doctoral Thesis consists of an introduction, three chapters, research 

conclusions, bibliography, and 10 appendices. The introduction of the Doctoral Thesis 

discusses the topicality of the research, justifies scientific novelty, and sets out the goal and 

objectives of the Doctoral Thesis. Chapter 1 is devoted to the review of scientific literature. 

Chapter 2 presents the digital ecosystem model of the pedagogical process for intensive 

bridging education in physics developed within the framework of the Doctoral Thesis. 

Chapter 3 describes the stages of research and the results obtained.  

The Conclusions of the Doctoral Thesis summarise the findings and present 

conclusions drawn during the elaboration of the Doctoral Thesis, propose recommendations 

for further research, as well as describe the practical application of the research results. The 

volume of the Doctoral Thesis is 214 pages, including 58 figures and 22 tables. The 

bibliography includes the following sources of information used in the elaboration of the 

Doctoral Thesis: scientific literature, educational materials, and Internet sources (a total of 

374 units). 
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2. OVERVIEW OF THE DOCTORAL THESIS CHAPTERS 

 

The Doctoral Thesis consists of three interconnected chapters, which sequentially 

present the theoretical framework of the study, the development of the e-ecosystem model 

of the pedagogical process for intensive bridging education (IBE), and its empirical 

validation. The content and organisation of the chapters are aligned with the research aim, 

research objectives, and the methodological principles of design-based research (DBR). 

2.1. The Interrelation of Pedagogical Theories and E-Learning Technologies for 

Intensive Bridging Education Support 

 

The first chapter examines the social necessity of intensive bridging education 

(IBE), the implications of educational paradigm shifts, and the role of e-learning 

technologies in supporting effective pedagogical processes. The chapter aims to establish 

the theoretical foundations of intensive bridging education during the transition from 

secondary to higher education and to identify the prerequisites for the development of a 

pedagogical process e-ecosystem model. 

In the international literature, intensive bridging education is commonly associated 

with bridging courses, foundation programmes, and remedial education initiatives designed 

to reduce disparities in learners’ prior knowledge and facilitate successful progression to 

subsequent stages of education (Hodara, 2013; Bickerstaff et al., 2017). Their significance 

has increased in response to the growing diversity of educational pathways, differences in 

curriculum content, and rising expectations regarding STEM competencies (OECD, 2020; 

European Commission, 2021). 

Table 1 summarises the principal factors contributing to the demand for intensive 

bridging education in Latvia. The analysis indicates that disparities in learners’ preparation 

in physics and mathematics arise from differences in educational programmes, variations 

in the extent of physics instruction, the specific characteristics of vocational education 

pathways, migration processes, and the optional nature of the national physics examination. 

These factors create a need for structured bridging education aimed at consolidating prior 

knowledge and supporting successful participation in STEM studies. 
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Table 1 

Factors Contributing to the Need for Intensive Bridging Courses in Latvia 

Factor Description 
Consequences for the 

education system 

Differences in general 

secondary education 

programmes 

The extent of science and 

mathematics subject 

provision varies across 

different educational 

programmes 

Graduates demonstrate 

uneven levels of knowledge 

and skills in physics 

Limited number of physics 

lessons 

The number of physics 

lessons may range from one 

to six lessons per week 

Insufficient preparation for 

the national examination and 

STEM studies 

Prospective students returning 

to education after an 

interruption 

Higher education is also 

entered by individuals who 

completed secondary 

education several years 

earlier 

Revision and consolidation of 

previously acquired 

knowledge are required 

before commencing studies 

Specific characteristics of 

vocational education 

Physics is often taught within 

vocational education 

programmes to a limited 

extent 

Insufficient prior knowledge 

for successful participation in 

higher education studies 

Migration and mobility 

Some young people spend 

part of their education abroad 

and subsequently return to 

Latvia 

Knowledge consolidation and 

adaptation to the Latvian 

education system are required 

Note. Compiled by the author based on OECD (2019), Cabinet of Ministers Regulation 

No. 416, and Cabinet of Ministers Regulation No. 281. 

Intensive bridging education is conceptualised as a structured pedagogical process 

based on diagnostic assessment, individualisation, continuous feedback, and the integration 

of digital technologies. Particular importance is assigned to the identification of learners’ 

prior knowledge and skills, as this enables the design of personalised learning pathways 

and enhances the effectiveness of the learning process (Graham, 2013; Hrastinski, 2019). 
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Fig. 1. Educational pathway flow diagram illustrating the conceptual model of the social need for 

intensive bridging education. Source: Developed by the author based on the analysis of the 

scientific literature. 

Figure 1 illustrates the position of intensive bridging education within the 

educational system. The conceptual model depicts the transition from secondary to higher 

education, identifying uneven learner preparedness as a significant educational challenge 

and intensive bridging education as a potential solution. The model highlights the 

relationship between systemic educational challenges, pedagogical interventions, and the 

intended outcome of successful progression into STEM-related higher education studies. 

The chapter further analyses changes in educational paradigms within the context of 

digital transformation. Contemporary education increasingly emphasises competency 

development, information literacy, inquiry-based learning, and higher-order thinking skills 

(European Commission, 2021; OECD, 2023). In physics education, particular importance 

is attributed to the integration of theoretical knowledge, mathematical reasoning, and 

experimental practice within a coherent learning process (Lederman, 1999; Broks, 2007; 

Vedins, 2008). 

The digital transformation of education has generated a growing need for learning 

approaches that extend beyond the reproduction of knowledge towards conceptual 

understanding, problem-solving, and the application of knowledge in unfamiliar contexts. 

In this regard, the development of cognitive processes and the organisation of learning 

activities that support progression from reproductive to productive learning are of particular 

importance (Zoller, 2000). 
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The pedagogical process within intensive bridging education is viewed as a system 

of interconnected components whose effectiveness depends not on individual elements but 

on their interaction and coordination. 

 

Fig. 2. Structural model of the pedagogical process for intensive bridging education (IBE). 

Source: Developed by the author based on the analysis and synthesis of the theoretical concepts 

proposed by Mishra and Koehler (2006), Lederman (1999), Zoller (2000), Broks (2007), and 

Vedins (2008). 

Figure 2 presents the structural model of the pedagogical process in intensive 

bridging education, comprising four interrelated components: content, pedagogy, learner, 

and communication. Within the model, the communication component occupies a central 

role, ensuring coordination, interaction, and feedback among the remaining components. 

This systemic perspective enables the pedagogical process to be analysed as an integrated 

whole and provides the theoretical foundation for the pedagogical process e-ecosystem 

model developed in the subsequent chapter. 

To evaluate learning effectiveness, the Thesis analyses several cognitive 

taxonomies, including Bloom’s taxonomy (Bloom et al., 1956), the SOLO taxonomy 

(Biggs & Collis, 1982), and the revised taxonomy proposed by Anderson and Krathwohl 

(2001). These frameworks provide a theoretical basis for analysing learners’ cognitive 

development and for establishing criteria for evaluating learning effectiveness. 



 
 

23 
 

Table 2 

Learning Effectiveness Criteria and Their Relationship to the Components of the IBE 

Model 

Learning 

effectiveness 

criterion 

Cognitive level 
Assessment 

indicators 

Assessment 

instrument 

Relationship to 

the components 

of the IBE 

model 

Advancement of 

cognitive 

performance 

From knowledge 

reproduction to 

analysis and 

problem-solving 

The learner can 

explain physics 

concepts, 

analyse 

situations, and 

formulate 

conclusions 

Diagnostic 

assessments, 

conceptual tasks 

Pedagogical 

component; 

learner 

component 

Development of 

conceptual 

understanding in 

physics 

Understanding 

and analysis 

The learner 

identifies 

physical 

principles and 

understands 

relationships 

among concepts 

Conceptual 

tasks, 

discussions 

Content 

component; 

pedagogical 

component 

Application of 

knowledge in 

non-routine 

situations 

Analysis and 

evaluation 

The learner 

applies physics 

knowledge in 

novel situations 

and solves 

problem-based 

tasks 

Problem-

oriented tasks, 

experimental 

activities 

Content 

component; 

learner 

component 

Learning 

progression 

within an 

intensive 

learning process 

Transition 

between 

cognitive levels 

Observable 

improvement in 

learner 

performance and 

increasing depth 

of cognitive 

engagement 

Diagnostic and 

final 

assessments 

Communication 

component; 

pedagogical 

component; 

learner 

component 

Note. The criteria were developed based on cognitive taxonomy approaches (Bloom et al., 

1956; Anderson & Krathwohl, 2001) and international approaches to the assessment of 

learner achievement in science education (OECD, 2019). 

Table 2 summarises the criteria used to evaluate learning effectiveness within 

intensive bridging education. These criteria include progression in cognitive performance, 

conceptual understanding, the application of knowledge in non-routine situations, and 

learning development throughout the intensive learning process. Each criterion is linked to 

specific components of the IBE model and corresponding assessment instruments. 
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Fig. 3. Relationship between cognitive taxonomy frameworks, physics learning processes, and the 

effectiveness criteria of intensive bridging education  (IBE). Source: Author’s synthesis based on 

Bloom et al. (1956), Anderson and Krathwohl (2001), Biggs and Collis (1982), Biggs (1999). 

Figure 3 illustrates the integration of different cognitive taxonomies within a 

unified theoretical framework. The figure demonstrates the relationships between 

cognitive and metacognitive processes, physics learning activities, and learning 

effectiveness criteria. 

This integration forms the theoretical basis for evaluating the effectiveness of intensive 

bridging education and underpins the methodology subsequently applied to the analysis of 

learning achievement. 

The theoretical analysis presented in Chapter 1 demonstrates that the effectiveness 

of intensive bridging education depends on a systematically organised pedagogical process 

that integrates contemporary pedagogical approaches, cognitive taxonomies, and digital 

technologies. These findings provide the theoretical foundation for the development of the 

pedagogical process e-ecosystem model for intensive bridging education presented in 

Chapter 2. 
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2.2. Digital Ecosystem Approach – Efficient Pedagogical Process Support and 

Improvement for Intensive Bridging Education in Physics  

 

Chapter 2 presents the development of the pedagogical process e-ecosystem model 

for intensive bridging education (IBE), which constitutes the principal scientific outcome 

of this doctoral research. The model is grounded in systems theory, digital ecosystem 

approaches, personalised learning, and data-informed pedagogy, viewing the educational 

process as an integrated system of interrelated components (Briscoe et al., 2011; Jamaludin 

et al., 2020; World Economic Forum, 2019, 2023). The e-ecosystem approach enables the 

transition from fragmented use of educational technologies towards a coordinated 

interaction between learners, educators, learning content, digital technologies, and 

assessment processes. 

Within the context of contemporary educational transformation, an educational 

ecosystem is understood as an adaptive and dynamic environment in which human 

resources, digital tools, learning content, and social factors interact to support competency 

development and the achievement of learning outcomes (Barron & Bell, 2015; ISTE, 2016; 

Jamaludin et al., 2020). Such an approach is particularly relevant to intensive bridging 

education, where learners with diverse educational backgrounds must acquire the 

knowledge and competencies required for successful participation in STEM-related higher 

education programmes within a limited timeframe. 
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Fig. 4. Conceptual model of the intensive bridging education (IBE) e-ecosystem. Source: 

Developed by the author based on Briscoe et al. (2011), Jamaludin et al. (2020), and World 

Economic Forum (2019, 2023). 

The developed IBE e-ecosystem model conceptualises the pedagogical process as 

an integrated system centred on the learner and the learning process. The model 

incorporates pedagogical dimensions, including learning objectives, content, teaching 

methods, and assessment, together with technological infrastructure, digital learning tools, 

social requirements, and learner characteristics. The coordinated interaction of these 

components enables a personalised, flexible, and data-informed learning environment that 

supports effective learning and progression (Briscoe et al., 2011; Jamaludin et al., 2020; 

World Economic Forum, 2019, 2023). 

The model was developed using a design-based research (DBR) approach and 

Klafki’s perspective planning model, allowing pedagogical, organisational, and 

technological dimensions to be analysed simultaneously (Klafki, 1995, 2006; Vaishnavi & 

Kuechler, 2015). This approach supports iterative model refinement based on theoretical 

insights, expert evaluation, and empirical evidence. 

The practical implementation of the IBE e-ecosystem is based on a modular structure 

designed to support flexible and personalised learning pathways. Three interconnected 

modules were developed: (1) general knowledge and skills, (2) experimental and inquiry-
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based activities, and (3) transformation of information between different forms of 

representation. Each module includes clearly defined learning objectives, learning 

activities, assessment procedures, and feedback mechanisms, thereby supporting learners’ 

progression across different cognitive levels. 

To evaluate the effectiveness of the proposed model, a set of learning effectiveness 

criteria was developed based on cognitive taxonomy frameworks and the specific 

characteristics of physics learning.  

The proposed e-ecosystem incorporates continuous feedback and systematic 

improvement of the pedagogical process. Its operation is based on a structured sequence 

consisting of input data, the pedagogical process itself, and output data. Such an approach 

enables timely identification of learning difficulties and supports the adaptation of 

instructional strategies to individual learner needs. 

 

Fig. 5. Process structure of intensive bridging education. 

The process structure of intensive bridging education consists of three 

interconnected stages: input data, the pedagogical process, and output data. Before the 

commencement of instruction, learners’ needs and prior knowledge are assessed through 

an initial diagnostic assessment. Following the completion of the course, learning outcomes 

are evaluated through final diagnostic assessment. The comparison of input and output data 

serves as the principal indicator of pedagogical effectiveness and enables the evaluation of 



 
 

28 
 

the suitability of the selected technologies, instructional methods, and learning scenarios 

for achieving the objectives of intensive bridging education (Verhagen, 2006; Watters, 

2010; Trinkūniene & Juškaite, 2021). 

The principal outcome of Chapter 2 is the development of an e-ecosystem model for 

intensive bridging education that integrates learning content, pedagogical strategies, digital 

technologies, learning analytics, and assessment mechanisms within a unified adaptive 

system. The model provides the theoretical and methodological foundation for the empirical 

validation and effectiveness evaluation presented in Chapter 3. 

The developed IBE e-ecosystem encompasses not only the organisation of learning 

content and technological infrastructure but also a systematic approach to managing the 

learning process through diagnostic assessment, feedback, and continuous improvement. 

To support personalised learning and facilitate the timely identification of learners’ 

difficulties, an implementation strategy and assessment framework for intensive bridging 

education were developed. The framework is based on a sequential process that begins with 

needs analysis and initial diagnostic assessment, continues through the implementation of 

learning activities, and concludes with the evaluation of learning outcomes and the 

introduction of corrective measures where necessary. This approach is consistent with the 

principles of data-informed pedagogy and supports the adaptation of the learning process 

to individual learner needs (Verhagen, 2006; Watters, 2010; Wagino et al., 2024). 
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Fig. 6. Application of the assessment framework in the development of the intensive bridging 

education (IBE) system. Source: Adapted and modified by the author for the IBE context from the 

product and service competitiveness system proposed by Briscoe et al. (2011). 

The framework presented in Fig. 6 demonstrates that the effectiveness of the 

learning process is enhanced through the integration of diagnostic assessment, learning 

analytics, formative assessment, and feedback within a unified system. Continuous 

monitoring of learner achievement enables the identification of both individual learning 

needs and content areas requiring additional support. Consequently, assessment serves not 

only as a mechanism for measuring learning outcomes but also as a tool for managing and 

improving the pedagogical process. Such an approach supports adaptive and personalised 

learning, facilitates learners’ progression towards higher levels of cognitive performance, 

and contributes to improved preparedness for STEM-related higher education studies 

(Anderson & Krathwohl, 2001; Biggs & Collis, 1982; Verhagen, 2006). 

To facilitate the practical implementation of the proposed IBE e-ecosystem model, 

a modular approach was adopted. The modular structure enables learning content to be 

organised according to learners’ needs, prior knowledge, and learning objectives. Such an 

approach supports flexible curriculum design, personalised learning pathways, and the 

adaptation of learning activities to diverse learner profiles. It is consistent with 
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contemporary principles of digital education and personalised learning, emphasising 

continuous diagnostic assessment, feedback, and individual learning progression (Bridges, 

2000; Brockmann et al., 2008; Mulder, 2020). 

 

Fig. 7. Conceptual framework of the modular approach in the intensive bridging education (IBE) 

process. Source: Developed by the author. 

The modular structure presented in Fig. 7 comprises three interconnected modules: 

general knowledge and skills, inquiry-based and experimental activities, and the 

transformation of information between different forms of representation. Each module 

addresses a specific aspect of physics learning while simultaneously supporting learners’ 

cognitive development. Progression through the modules is informed by diagnostic 

assessment results and allows for the repeated study of particular content elements when 

the required level of achievement has not yet been attained. Consequently, the model 

provides a personalised and adaptive learning environment in which learners progress 

according to their individual needs and learning pace. 

The proposed modular approach serves as the operational foundation of the IBE 

pedagogical process and enables the practical integration of the components defined within 

the theoretical e-ecosystem model. This approach is further elaborated through the process 

structure of intensive bridging education, which defines the relationships between input 

data, the pedagogical process, and learning outcomes. 
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To operationalise the proposed IBE e-ecosystem model, a structured framework was 

developed to align intended learning outcomes, physics content, and cognitive development 

levels. The framework is based on a modular organisation of learning content and 

establishes explicit relationships between learning objectives, subject content, and the 

progression of learners’ cognitive performance. Such an approach supports systematic 

learning progression and provides a basis for personalised learning pathways within 

intensive bridging education. 

 

Fig. 8. Structure of learning outcome modules and cognitive development levels in the intensive 

bridging education (IBE) process. Source: Developed by the author. 

Figure 8 demonstrates that the IBE model is organised around three interconnected 

learning outcome modules: general knowledge and skills, inquiry-based and experimental 

activities, and the transformation of information between different forms of representation. 

These modules encompass the principal areas of upper secondary physics and are linked to 

specific learning content aspects, including conceptual understanding, the application of 
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physical quantities and relationships, interpretation of physical processes, and graphical 

representation of scientific information. 

The framework further integrates cognitive development levels based on the SOLO 

taxonomy, enabling learners to progress from knowledge acquisition and understanding 

towards the application, analysis, and productive use of knowledge. Consequently, the 

model establishes a coherent relationship between learning outcomes, content organisation, 

and assessment, thereby providing the pedagogical foundation for the process structure and 

assessment framework presented in the following sections of the chapter. Chapter 2 is 

organised around the following conceptual sequence: 

model → modules → learning process → assessment and adaptation. 

 

2.3. Research Process and Findings 

The third chapter presents the empirical validation of the proposed intensive 

bridging education (IBE) pedagogical process e-ecosystem model and evaluates its 

effectiveness in supporting the transition from secondary to higher education in physics. 

The chapter describes the research design, implementation of the diagnostic system, 

monitoring of learners’ academic achievement, and evaluation of the effectiveness of the 

developed model. The empirical study was conducted within the framework of design-

based research and involved 620 participants enrolled in IBE physics courses at Riga 

Technical University between 2015 and 2021. The study integrated diagnostic assessment, 

learning analytics, statistical analysis, and learner feedback to evaluate the effectiveness of 

the developed pedagogical solution.  
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Fig. 9. Research design and evaluation framework of the IBE pedagogical process e-ecosystem 

model. 

The research was organised as a multi-stage process comprising learner needs 

analysis, initial diagnostic assessment (IDD), implementation of the IBE learning process, 

continuous monitoring, final diagnostic assessment (NDD), and evaluation of learning 

outcomes. This design enabled the collection of both quantitative and qualitative evidence 

regarding the effectiveness of the developed model and its impact on learners’ cognitive 

achievement.  

A central component of the empirical study was the development and 

implementation of a diagnostic assessment system based on the integration of classical test 

theory, the SOLO taxonomy, and the revised Bloom taxonomy. Learners’ performance was 

classified into three cognitive achievement levels: Level I – knowledge acquisition and 

understanding, Level II – application of knowledge and skills, and Level III – analysis and 

productive activity. This framework provided a practical instrument for monitoring 

cognitive development throughout the IBE process.  
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Table 3 

Interpretation of Classical Test Theory (CTT), the SOLO Taxonomy, and Bloom’s 

Taxonomy within the Intensive Bridging Education (IBE) Diagnostic Assessment System 

Component CTT (measurement) SOLO level 
Bloom’s taxonomy 

level 

Reproduction of 

knowledge 

High difficulty not 

required; low 

discrimination 

Unistructural Remembering 

Understanding of 

fundamental 

knowledge 

Moderate difficulty; 

moderate 

discrimination 

Multistructural Understanding 

Understanding of 

relationships 

Optimal 

discrimination  

(D > 0.40) 

Relational Analysing 

Higher-order thinking 
High discrimination; 

greater difficulty 
Extended abstract Creating/evaluating 

Note. The table illustrates the integration of classical test theory (CTT), the SOLO taxonomy 
(Biggs & Collis, 1982), and the revised Bloom’s taxonomy (Anderson & Krathwohl, 2001) within 

the diagnostic assessment framework developed for intensive bridging education (IBE). 

 

The developed diagnostic system enabled the identification of learners’ initial level 

of preparedness, the monitoring of learning progress, and the evaluation of changes in 

cognitive achievement levels throughout the course. The integration of pedagogical and 

psychometric approaches provided an evidence-based foundation for personalised support 

and informed pedagogical decision-making. Analysis of the obtained results and 

comparison of learner performance dynamics between the initial diagnostic assessment 

(implemented in the proposed IBE model as the Initial Diagnostic Test, IDD) and the final 

diagnostic assessment (implemented in the proposed IBE model as the Final Diagnostic 

Test, NDD) indicate that the timely identification of learning difficulties significantly 

contributes to improvements in learner achievement. 

Transition matrices and Sankey diagrams were employed to analyse learners’ 

movement between cognitive achievement levels. Transition matrices provide a systematic 

representation of transitions between states (Chung, 1967) and have been successfully 

applied in educational research to examine learning progress using pre-test and post-test 

data (Morris et al., 2017). 

The number of participants involved in the study was sufficient to support 

statistically valid and objective conclusions regarding learners’ knowledge and skill levels, 

as well as to identify their strengths and weaknesses in the acquisition of physics content at 

the general secondary education level. Comparative analysis across multiple academic 

years, together with the evaluation of specific aspects of the curriculum, demonstrated a 
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consistent improvement in learning achievement following participation in the intensive 

bridging education (IBE) course. 

Although the results of the initial diagnostic assessment (IDD) and the final 

diagnostic assessment (NDD) varied slightly across academic years (for example, during 

the 2019/2020 academic year, the impact of the COVID-19 pandemic resulted in different 

transition dynamics from Cognitive Level I to Cognitive Level II, as well as a different 

proportion of learners remaining at Level II (see Table 4), no statistically significant 

differences were identified that would suggest substantially different outcomes across the 

years under investigation.  

Table 4 

Transitions Between Cognitive Achievement Levels Across Academic Years 

(IDD–NDD Comparison) 

Achievement 

level 

transition 

2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 2020/2021 

I → I 3.3 7.1 5.1 10.1 15.6 4.5 

I → II 39.2 30.2 28.0 34.4 19.1 30.3 

I → III 2.7 3.2 3.5 2.3 2.3 2.4 

II → II 8.1 22.5 7.0 24.1 31.1 11.4 

II → III 40.2 25.7 45.6 24.8 20.5 40.5 

III → III 6.5 11.3 10.8 4.3 11.4 10.9 

Note. The table presents the percentage distribution of learners according to transitions between 
cognitive achievement levels from the initial diagnostic assessment (IDD) to the final diagnostic 

assessment (NDD) during the intensive bridging education (IBE) course for learners with available 

results in both assessments. 

The analysis of learning achievement revealed a substantial improvement between 

the initial diagnostic assessment (IDD) and the final diagnostic assessment (NDD). For 

instance, in the 2020/2021 academic year, the mean IDD score was 47.2 points, while the 

mean NDD score reached 75.4 points. Moreover, all learners who completed the final 

diagnostic assessment, providing evidence of considerable learning gains achieved during 

the intensive bridging education (IBE) course. 
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Fig. 10. Dynamics of IBE learning outcomes and cognitive progression (2020/2021 academic 

year). 

Figure 10 illustrates both the quantitative growth in achievement and the qualitative 

progression across cognitive levels. To evaluate learning effectiveness, the normalised gain 

coefficient (Hake g) was calculated. The obtained value (g = 0.53) corresponds to a medium 

educational effect according to Hake’s classification and indicates a pedagogically 

significant improvement in learners’ achievement. The result confirms that the developed 

IBE pedagogical process contributes substantially to learners’ academic development in 

physics.  

While the increase in average scores is important, the most significant finding 

concerns the development of learners’ cognitive performance. Before participating in the 

IBE course, the majority of learners were concentrated in Levels I and II, whereas after 

completing the course more than half of the participants achieved Level III performance. 

The proportion of learners at Level III increased from 10.9 % to 53.7 %, while the 

proportion at Level I decreased from 37.7 % to 4.5 %. These findings indicate substantial 

progression from knowledge reproduction towards analytical thinking and productive 

problem-solving.  
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Fig. 11. Visualisation of cognitive progression transitions between IDD and NDD (2020/2021 

academic year). 

The transition matrix demonstrates the movement of learners between cognitive 

achievement levels during the learning process. Dominant transitions were observed from 

Level I to Level II and from Level II to Level III, while regression to lower levels was 

minimal. These results provide empirical evidence that the IBE model supports systematic 

progression towards higher-order cognitive skills.  

To evaluate the long-term stability of the model, achievement data from six 

consecutive academic years were analysed. The results revealed consistent patterns across 

all cohorts. In every academic year, the proportion of learners achieving Level III increased 

substantially, whereas the proportion remaining at Level I decreased. These findings 

indicate that the observed effects are not limited to a single cohort but reflect stable 

characteristics of the developed pedagogical process.  

The transition matrix illustrates learners’ progression between cognitive 

performance levels throughout the learning process. The predominant transitions were 

observed from Level I to Level II and from Level II to Level III, while regression to lower 

levels was minimal. These findings provide empirical evidence that the intensive bridging 

education (IBE) model promotes systematic progression towards higher-order thinking 

skills. 

The study developed an approach for the quantitative characterisation of learners’ 

progression across cognitive performance levels through the use of transition matrices and 
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learning analytics visualisations. In a general form, the identified relationships can be 

represented by a transition matrix that describes learners’ movement between cognitive 

performance levels. The elements of the transition matrix were calculated as the relative 

frequency of learners transitioning from one achievement level to another. 

This approach enables the quantitative analysis of learners’ progression between 

cognitive performance levels and facilitates the comparison of progression patterns across 

different academic years (Puterman, 2014; Siemens & Baker, 2012; Romero & Ventura, 

2020). 

     

In this matrix, pij represents the relative proportion of learners who transition from 

cognitive performance level i to level j, for example, from knowledge reproduction to 

analytical thinking, in accordance with the hierarchical structure of the SOLO and Bloom’s 

taxonomies (Biggs & Tang, 2011; Anderson & Krathwohl, 2001). This approach enables 

the quantitative analysis of learners’ learning trajectories and the evaluation of the impact 

of the learning process on cognitive development (Romero & Ventura, 2020; Siemens & 

Baker, 2012). 

Calculation example. In the 2020/2021 academic year, the proportion of learners 

who were classified at achievement Level I in the initial diagnostic assessment (IDD) and 

reached Level II in the final diagnostic assessment (NDD) was 30.3 %. The total proportion 

of learners at Level I in the initial diagnostic assessment was 37.2 % (I→I + I→II + I→III). 

Therefore, the transition probability from Level I to Level II was calculated as follows: 

 

This indicates that 81.5 % of learners who were initially classified at achievement 

Level I progressed to Level II following completion of the intensive bridging education 

(IBE) course. The obtained result demonstrates a high transition rate from the lower to the 

intermediate achievement level and provides evidence that the IBE pedagogical process 
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facilitates learners’ progression from knowledge reproduction to the application of 

knowledge and skills. 

From the perspective of the SOLO taxonomy, this transition represents movement 

from the unistructural to the multistructural level of understanding. Within the framework 

of Bloom’s taxonomy, it corresponds to progression from remembering and understanding 

to applying knowledge (Biggs & Tang, 2011; Anderson & Krathwohl, 2001). 

 

This indicates that 78.0 % of learners who were classified at Level II in the initial 

diagnostic assessment (IDD) progressed to Level III following completion of the course. 

The transition probability from Level II to Level III reached 78.0 %, demonstrating that the 

majority of learners who had already acquired the ability to apply knowledge and skills 

subsequently attained the highest achievement level, characterised by analysis and 

productive performance. This finding is particularly significant, as it reflects not only an 

increase in the volume of knowledge acquired but also a qualitative advancement in 

cognitive functioning. 

As a result of the study, a metric was developed for the quantitative evaluation of 

learners’ progression across cognitive performance levels. In a general form, the identified 

relationships can be represented by a transition matrix describing learners’ movement 

between cognitive performance levels. In the ideal case, the matrix represents a situation in 

which all learners achieve the highest cognitive performance level (Level III). Conversely, 

in the case of an insufficiently effective learning process, the matrix demonstrates minimal 

or no progression between levels (see Fig. 12). 
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Fig. 12. Theoretical achievement assessment matrices representing ideal and completely 

ineffective learning outcomes. Source: Developed by the author. 

The transition matrix (Chung, 1967; Morris et al., 2017) serves as a conceptual and 

analytical instrument for evaluating the effectiveness of the intensive bridging education 

(IBE) pedagogical process, enabling the quantitative analysis of learners’ cognitive 

development dynamics. 

Learners’ progression across achievement levels over successive academic years is 

presented in Fig. 13. The metric developed in this study enables the quantitative analysis of 

long-term trends in learners’ academic achievement and provides a basis for evaluating the 

effectiveness of the pedagogical process. The figure summarises the results obtained over 

six academic years from the intensive bridging education courses in physics implemented 

at Riga Technical University (RTU). 
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Fig. 13. Transition matrices of learner achievement levels across academic years in 

intensive bridging education. 

The data summarised in Fig. 13 describe changes in learners’ achievement levels 

and can be analysed using the transition matrix approach. The developed metric provides a 

means of quantitatively characterising learners’ movement between cognitive performance 

levels (Levels I, II, and III) and evaluating the intensity of this progression as an indicator 

of the effectiveness of the intensive bridging education (IBE) pedagogical process. 

A transition matrix is employed to analyse learners’ transitions between 

achievement levels at different stages of the learning process. The figure combines 

quantitative changes in learner achievement with transitions between performance levels. 

The normalised gain coefficient (Hake’s g) included in the figure characterises the 

effectiveness of the learning process by comparing the actual increase in achievement with 

the maximum possible increase attainable by a particular group of learners (Hake, 1998; 

Nissen et al., 2018). 

As the study focuses on physics learning, the normalised gain coefficient (Hake’s g) 

was used to characterise improvements in learning achievement. This measure is one of the 

most widely applied indicators of instructional effectiveness in physics education research 

and enables comparisons of achievement gains across different samples regardless of 

learners’ initial level of knowledge (Hake, 1998). Compared with a simple difference 



 
 

42 
 

between mean scores, this indicator provides a more objective assessment of the 

effectiveness of the learning process. 

The calculated value of Hake’s g indicates a pedagogically meaningful improvement 

in achievement within the analysed sample. The normalised gain coefficient (Hake’s g) was 

calculated using the following formula (Hake, 1998): 

          

The normalised gain coefficient represents the achieved increase in learning 

outcomes relative to the maximum possible increase attainable within a particular group of 

learners and enables comparisons of instructional effectiveness across different samples 

regardless of their initial level of knowledge (Hake, 1998). For example, the following 

calculation was obtained using the 2020/2021 data: 

 

The calculated normalised gain coefficient was g = 0.53, which corresponds to a 

medium learning gain according to Hake’s classification (0.30 ≤ g < 0.70) (Hake, 1998). 

To provide a more detailed analysis of changes in achievement levels, a visualisation 

based on the principles of transition matrices was employed. This approach enables the 

representation of learners’ transitions between achievement Levels I, II, and III from the 

initial diagnostic assessment (IDD) to the final diagnostic assessment (NDD) and facilitates 

the identification of dominant learning trajectories. 

To evaluate the long-term stability of the model, data collected over six academic 

years were analysed. The results revealed similar patterns across all samples. In each 

academic year, the proportion of learners attaining achievement Level III increased, while 

the proportion of learners at achievement Level I decreased. These findings indicate that 

the observed effects are neither random nor specific to a single cohort of learners; rather, 

they reflect stable characteristics of the developed pedagogical process. 
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Table 5 

Distribution of Learners Across Cognitive Performance Levels in the Initial Diagnostic 

Assessment (IDD) and Final Diagnostic Assessment (NDD) 

Academic 

year 

IDD Level 

I (%) 

IDD Level 

II (%) 

IDD Level 

III (%) 

NDD 

Level I 

(%) 

NDD 

Level II 

(%) 

NDD 

Level III 

(%) 

2015/2016 45.2 46.1 6.5 3.3 41.7 54.0 

2016/2017 40.4 46.0 11.3 7.1 54.2 38.7 

2017/2018 38.6 47.4 10.8 5.1 38.4 56.1 

2018/2019 45.4 47.4 4.3 10.1 58.9 31.0 

2019/2020 35.5 49.1 11.4 15.6 52.5 31.9 

2020/2021 37.7 45.9 10.9 4.5 41.8 53.7 

Note. Percentages may not sum to 100% because some learners did not complete all stages 

of assessment. 

The long-term analysis of the data confirms the sustainability of the observed 

achievement gains. Across all six academic years, a consistent progression towards higher 

cognitive performance levels was observed. The increase in the proportion of learners 

attaining Level III, together with the corresponding decrease in the proportion of learners 

at Level I, provides compelling evidence of the effectiveness and stability of the developed 

intensive bridging education (IBE) model. 

To obtain a more detailed understanding of learners’ learning trajectories, transition 

matrices and Sankey diagrams were employed. These analytical and visualisation 

techniques enabled the representation of transitions between achievement levels and 

facilitated the identification of dominant patterns of learner progression. 

 

Fig. 14. Distribution of achievement levels and transition matrix for IBE physics courses (2015–

2021). 
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Figure 14 demonstrates a consistent redistribution of learners from lower to higher 

achievement levels following participation in the IBE courses. The combined analysis of 

achievement distributions and transition matrices reveals both quantitative improvement 

and qualitative cognitive development. The majority of learners progressed from Levels I 

and II towards Level III, while regression remained negligible.  

 

Fig. 15. Learner transitions between achievement levels (Sankey diagram). 

The Sankey diagram provides a visual representation of learners’ cognitive 

development trajectories (Askinadze et al., 2019; Oran et al., 2021). The dominant flows 

correspond to transitions from Level I to Level II and from Level II to Level III, confirming 

a structured and progressive learning process. The analysis further revealed that 

approximately 81.5 % of learners initially classified at Level I progressed to Level II, while 

approximately 78 % of learners at Level II advanced to Level III. These findings 

demonstrate that the IBE model effectively supports learners in moving towards higher-

order cognitive functioning.  

In addition to achievement monitoring, the study examined relationships between 

the use of digital learning technologies and learning outcomes. Correlation analysis 

revealed statistically significant positive relationships between the use of virtual 

laboratories, e-learning environments, and learners’ self-reported achievement of learning 

objectives (r = 0.31–0.44, p < 0.05). Although the observed relationships do not imply 

causality, they indicate that active engagement with digital learning tools is associated with 

more positive learning experiences and outcomes.  
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The effectiveness of the IBE pedagogical process was also evaluated from the 

perspective of learner satisfaction and goal attainment. Since IBE participants represent a 

heterogeneous population with diverse educational backgrounds and learning objectives, 

the model emphasises learner-centredness, personalised learning pathways, and self-

regulated learning. Evaluation of learner expectations and experiences demonstrated a 

strong correspondence between learners’ identified needs and the educational opportunities 

provided by the model.  

Table 6 

Comparison of Learners’ Identified Learning Conceptions and Their Realisation within 

the Intensive Bridging Education (IBE) Process. Source: Compiled by the author based 

on the analysis of learner responses 

Most important 

learning conceptions 

prior to participation 

in the learning 

process 

% 

Learning 

conceptions 

identified as most 

important during the 

IBE process 

% 

Realisation of 

learning conceptions 

within the learning 

process 

% 

1. Personal growth 72 % 
1. Acquisition of new 

knowledge 
62 % 1. Personal growth 76 % 

2. Acquisition of 

knowledge and skills 

for practical 

application 

59 % 2. Personal growth 64 % 
2. Acquisition of new 

knowledge 
72 % 

3. Transformation of 

received information 

into personal 

knowledge 

47 % 

3. Acquisition of 

knowledge and skills 

for practical 

application 

56 % 

3. Acquisition of 

knowledge and skills 

for practical 

application 

61 % 

4. Acquisition of new 

knowledge 
49 % 

4. Construction of 

personal knowledge 
49 % 

4. Transformation of 

practical experience 

into knowledge 

53 % 

5. Construction of 

personal knowledge 
42 % 

5. Transformation of 

received information 

into personal 
knowledge 

48 % 

5. Transformation of 

received information 

into personal 
knowledge 

49 % 

Note. Respondents were allowed to select more than one learning conception. Therefore, the 

percentages within each column do not sum up to 100 %. 

The results indicate that the most highly valued learning concepts – including 

personal growth, acquisition of new knowledge, and practical application of knowledge and 

skills – were successfully realised within the learning process. The strong alignment 

between learners’ expectations and their evaluation of the implemented learning experience 

provides additional evidence of the suitability and effectiveness of the developed 

pedagogical process.  
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Overall, the empirical findings demonstrate that the developed IBE pedagogical 

process e-ecosystem model effectively supports learners’ cognitive development, promotes 

progression towards higher levels of achievement, and provides a sustainable framework 

for personalised learning in the transition from secondary to higher education. The 

integration of diagnostic assessment, learning analytics, digital technologies, and adaptive 

pedagogical support contributes to substantial and pedagogically significant improvements 

in learners’ achievement and validates the applicability of the proposed model in authentic 

educational settings.  
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3. SUMMARY AND CONCLUSIONS 

 

3.1. Summary of Findings and Validation of the Research Propositions 

1. The analysis of the scientific literature demonstrates that, despite the widespread 

use of e-learning technologies in STEM education, no unified, theoretically and empirically 

grounded model has been identified that integrates pedagogical scenarios, digital 

technologies, learning analytics, and the assessment of learners’ cognitive achievement 

within the context of intensive bridging education (IBE). This theoretical and 

methodological gap justifies the need for the development of an e-ecosystem model of the 

IBE pedagogical process. 

2. Drawing upon the theoretical foundations of constructivism, connectivism, 

personalised learning, and learning analytics, an e-ecosystem model of the IBE pedagogical 

process was developed. The model integrates learners, educators, learning content, digital 

technologies, and learning analytics into a unified pedagogical system. The proposed model 

extends the theoretical understanding of the use of e-learning technologies in STEM 

education by conceptualising technology not as a collection of isolated instructional tools 

but as interconnected elements of a pedagogical process whose effectiveness depends on 

their integration within a coherent e-ecosystem. 

3. (Validation of Proposition 1). The results of the empirical study confirm that 

the developed and pedagogically validated e-ecosystem model of the IBE pedagogical 

process provides an effective framework for the implementation of intensive bridging 

education in physics during the transition from secondary education to higher education. 

Within the empirical study involving 620 learners, the comparison of the available initial 

diagnostic assessment (IDD) and final diagnostic assessment (NDD) results demonstrates 

a systematic increase in learners’ achievement across all analysed academic years, while 

the analysis of transition matrices and Sankey diagrams confirms a dominant progression 

from lower to higher cognitive performance levels. These findings indicate that the 

effectiveness of intensive bridging education is determined not only by the intensity of 

content delivery but also by systematic diagnostics, personalised feedback, and adaptive 

organisation of the learning process. 

4. (Validation of Proposition 2). The diagnostic system and validated item bank 

developed during the study provide a means of diagnostic assessment of learners’ 

knowledge, level of understanding, and depth of cognition. Of the 2400 tasks developed, 
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2006 were recognised as statistically valid and included in the diagnostic system. The 

diagnostic results were utilised for learning process planning, individualisation, and learner 

progress monitoring. The validation of the diagnostic system demonstrates that a 

statistically validated item bank structured according to cognitive performance levels 

provides a reliable foundation for personalised learning design, learner progress 

monitoring, and pedagogical decision-making. 

5. (Validation of Proposition 3). The developed metric, grounded in the SOLO 

taxonomy, Bloom’s taxonomy, and classical test theory, enables the assessment of learner 

achievement across three cognitive performance levels. The application of the metric 

facilitated the identification of progress in the use of physics concepts, relationships, 

symbols, and measurement units, the understanding of physical processes, the use of 

models, the interpretation of functional relationships, and inquiry-based activities. The 

proposed metric demonstrates the feasibility of integrating different approaches to learner 

assessment within a unified framework, thereby enabling multidimensional analysis of 

learning achievement and the evaluation of cognitive development over time. 

6. (Validation of Proposition 4). Analysis of learning process data confirms that 

the effectiveness of the IBE pedagogical process is closely associated with the interaction 

between the learner and the learning environment. Particular importance is attributed to the 

identification of learners’ needs, the alignment of learning content with educational 

objectives, the provision of personalised support, learner activity monitoring, and the 

adaptive adjustment of the learning process. The findings confirm that personalised learning 

constitutes a fundamental prerequisite for the effective teaching of heterogeneous learner 

groups during the transition from secondary to higher education. 

7. Statistically significant positive relationships were identified between learners’ 

self-assessment of learning objective attainment and participation in inquiry-based 

activities within virtual laboratories (r = 0.44, p < 0.01), engagement in e-learning 

environments (r = 0.40, p < 0.01), and the use of e-ecosystems (r = 0.31, p = 0.02). These 

findings indicate a positive relationship between the use of digital learning solutions and 

learners’ perceptions of their learning outcomes. The identified relationships suggest that 

the effectiveness of digital technologies is determined not by their use per se, but by their 

purposeful and pedagogically grounded integration into the learning process. 

8. Learners’ evaluations of the organisation of the IBE process, the structure of the 

learning content, and the use of digital solutions indicate a high level of alignment with 

learners’ needs. The structure, clarity, feedback mechanisms, and opportunities for 
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personalised learning were particularly positively evaluated. These favourable evaluations 

demonstrate the alignment of the developed model with the requirements of contemporary 

education and confirm its potential applicability within other STEM educational 

programmes. 

9. The findings of the study lead to the conclusion that the e-ecosystem model of 

the IBE pedagogical process constitutes a theoretically and empirically grounded 

framework for organising intensive bridging education in physics. The model integrates a 

diagnostic-driven approach, personalised learning, digital technology integration, and 

learning analytics within a unified pedagogical system. The effectiveness of the model is 

evidenced by improvements in learner achievement, progression to higher cognitive 

performance levels, positive learner evaluations, and the results of long-term 

implementation and validation. Collectively, these findings confirm the suitability of the 

model for supporting learners during the transition from secondary education to higher 

education. 

3.2. Answers to the Research Questions 

In response to the first research question, it was concluded that the e-ecosystem 

of the pedagogical process for intensive bridging education (IBE) in physics constitutes a 

multi-component system integrating learner, content, pedagogical, and communication 

components. The developed model conceptualises the interactions among these 

components as a unified pedagogical system in which digital technologies, learning 

analytics, and personalised learning strategies support the achievement of educational 

objectives. The structure of the model and the relationships among its components are 

presented in the e-ecosystem model of the IBE pedagogical process and are empirically 

substantiated by the findings reported in Chapter 3. 

In response to the second research question, it was established that the use of 

technology contributes to the effectiveness of the pedagogical process when it is 

pedagogically justified and purposefully integrated into learning activities. Statistically 

significant relationships were identified between the self-reported achievement of learning 

objectives and the use of virtual laboratories, e-learning environments, and other e-

ecosystem elements. The findings demonstrate that the educational value of digital 

technologies is determined not by their mere presence, but by their systematic integration 
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into pedagogically meaningful learning scenarios that support learner engagement, 

feedback, and self-regulated learning. 

In response to the third research question, an e-ecosystem model of the IBE 

pedagogical process was developed, implemented, and empirically validated. The model 

integrates diagnostic assessment, personalised learning, digital technologies, and learning 

analytics within a unified pedagogical framework. The effectiveness of the model is 

evidenced by improvements in learners’ achievement as measured through the initial 

diagnostic assessment (IDD) and the final diagnostic assessment (NDD), progression to 

higher cognitive performance levels, and the consistency of results observed across multiple 

academic years. The findings confirm that the proposed model provides a theoretically and 

empirically grounded framework for organising intensive bridging education in physics 

during the transition from secondary education to higher education. 
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