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Abstract. This study investigates the intersection of science education and 
digital technology integration through bibliometric analysis and trend identification. 
Utilizing multiple search approaches, including combining educational 
methodologies, the study analyses datasets spanning from 1993 to 2024. Key 
findings reveal a consistent growth in scientific production over the years, coupled 
with fluctuations in citation impact. Clustering and co-word network analyses 
uncover thematic clusters, emphasizing computational thinking, pedagogical 
content knowledge, and motivation. Factorial analysis further elucidates the 
underlying structure of the data, revealing dimensions capturing factors related 
to educational practices, cognitive processes, and attitudinal aspects. Trend topics 
highlight sustained interest in fundamental educational concepts like education, 
students, and science, alongside emerging focuses on engagement, attitudes, and 
skills. 
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Introduction
In the transition from an industrial to a digitalized society, there emerge needs 

for knowledge and skills necessary for living in a world with new challenges and 
unresolved problems. This places new demands on educational systems regarding 
the goals of education, the curriculum, the educational approaches and methods of 
teaching, the organization of the learning process, and the assessment. Educational 
goals are reoriented towards acquiring knowledge and skills aimed at successfully 
integrating students into society, which also changes the approaches to achieving 
these goals. The modern educational environment includes digital technologies, 
which support it and make it more effective in facilitating teaching, learning, and 
assessment. Digital technologies assist in visualizing content. They reduce the time 
for learning by creating conditions for building mental models of the studied pro-
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cesses and phenomena. The question is what is the interaction and mutual assump-
tion of teaching methods and approaches and digital technologies, tools, platforms, 
apps, etc. which expand the possibilities for successful pedagogical communication 
between teachers and students in science education and may expand better out-
comes. 

In the context of this introduction, we formulate our research questions as 
follows:

RQ#1: What are the contemporary educational goals and most common ap-
proaches in science education?

RQ#2: How has the integration of digital technology influenced trends in sci-
ence education research over the past three decades?

RQ#3: What are the key thematic clusters and associations between science 
education and digital technology revealed through bibliometric analysis?

RQ#4: What are the underlying dimensions and factors shaping the discourse 
on science education and digital technology integration as uncovered by factorial 
analysis?

The competency-based approach in science education
Our research on modern educational approaches and educational goals in science 

education begins with the competency-based approach, on one hand because it 
is relevant, and on the other hand because we are seeking connections with the 
development of digital competences in science education.

The concept of key competences in education has evolved over time and has been 
influenced by various educational philosophies, theories, and policy initiatives. The 
idea of key competences can be traced back to the progressive education movement 
of the late 19th and early 20th centuries. Educators such as John Dewey emphasized 
the importance of providing students with practical skills, critical thinking abilities, 
and social competences to prepare them for active participation in democratic 
society (Dewey 2016). In the mid-20th century, the focus in education shifted 
towards the development of basic skills such as reading, writing, and arithmetic. 

The concept of key competences gained momentum in the late 20th century 
with the emergence of competency-based education (CBE) models. CBE focused 
on the development of specific skills, knowledge, and abilities that are relevant 
and meaningful in various contexts, including academic, professional, and personal 
domains. In the 1990s, the European Union (EU) began to emphasize the importance 
of key competences for lifelong learning and employability. The competency-based 
approach, as described by the European Qualifications Framework (EQF)1, redirects 
the goals of education from acquiring and reproducing knowledge to acquiring 
methods and approaches for solving real problems. The Program for Key Compe-
tences of the European Union2 is accepted as a primary framework for educational 
goals. The concept of key competences was discussed even before the adoption of 
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the program in 2006 when Rychen and Salganik describe three categories of com-
petences – interaction in heterogeneous social groups, independent actions, and 
interactive use of technologies, which are necessary for a successful life in society 
(Rychen & Salganik 2003). 

The Framework for 21st Century Learning acknowledges the business recom-
mendations to education for preparing the American educational system for the 
new demands of the 21st century (Trilling & Fadel 2009). This framework for 
21st-century educational trends includes the learning outcomes, the contemporary 
educational environment, student assessment standards, and teacher professional 
qualifications. The included skills are divided into three major groups – (i) informa-
tion, communication, and technology skills, (ii) learning and innovation skills, and 
(iii) life and work skills. Digital skills are included in the first group. Some authors 
(Larson & Miller 2011) point out that the learning outcomes necessary for life 
should include creative and innovative thinking, communication and collaboration, 
critical thinking and problem-solving, easy access to information, making digital 
connections in society, etc. From a psychological aspect, the framework is based on 
the idea of active student learning, which shapes critical thinking, creative thinking, 
teamwork, and communication (the so-called “4Cs skills” – critical thinking, cre-
ativity, communication, collaboration (Griffin et al. 2011; Griffin et al. 2012). Skills 
are defined in four main directions – ways of thinking, ways of working, tools for 
working, and life skills (values and ethical norms) (Binkley et al. 2012). Digital 
skills also fall into the tools for working category. Additionally, in that context the 
term information literacy is defined in three aspects concerning digital technologies 
– knowledge, skills, and attitudes/values/ethics. 

The goals of science education are determined by the educational curricula in 
individual countries, but general trends towards which these programs are oriented can 
be outlined. The goals of science education are evolving to incorporate digital literacy and 
problem-solving skills in line with modern technological advancements. The emphasis 
is on fostering critical thinking, inquiry-based learning, and the ability to apply scientific 
knowledge to real-world problems. Key outcomes, which are expected, are: 

(1) Proficiency in utilizing digital tools for scientific inquiry and data analysis; 
(2) Competence in evaluating and synthesizing scientific information from various 

sources, including digital resources; 
(3) Ability to apply scientific principles and methods to analyze and solve complex 

problems; 
(4) Proficiency in communicating scientific concepts effectively, both orally and in 

writing, using digital platforms; 
(5) Development of ethical and responsible attitudes towards scientific research and 

technology use.
Overall, the aim is to prepare students to be scientifically literate individuals 

capable of navigating and contributing to an increasingly technology-driven society.
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Let us specify the skills in science education as expected outcomes in education. 
Some scholars (Wilson & Bertenthal, 2005) define the following goals as the most 
important and fundamental when studying natural sciences:

(1) Presentation and interpretation of data;  
(2) Identification and classification of information; 
(3) Measurement as a simple form of mathematical modeling; 
(4) Planning and conducting research, which involves identifying and separating 

measured variables into categories – dependent, independent, controlled – and 
formulating hypotheses to explain relationships between variables; 

(5) Explanation of facts based on evidence, including the use of models, 
scientific theories, and principles, and demonstrating the inconsistency of alternative 
hypotheses; 

(6) Analysis and interpretation of data; data transformation; 
(7) Evaluation of data to create an argument how these data support or reject a 

given claim, as well as assessing the reliability of the data. 
All the expected outcomes listed above for natural sciences can be achieved and 

supported with various digital technologies.

Research on other educational approaches applicable to science education
Alongside the competency-based approach, our research on the scientific 

literature related to specific educational approaches applicable to science education 
highlights the following:

Inquiry-Based Learning
This approach involves students actively in the scientific process through ques-

tioning, investigation, and discovery. Teachers facilitate learning by posing ques-
tions, guiding investigations, and encouraging critical thinking. Inquiry-based 
learning promotes deeper understanding and long-term retention of scientific 
concepts (Dewey 1938; National Research Council 2000). The use of scientific 
research approaches in education brings learning closer to the nature of science – 
describing, explaining, and predicting natural phenomena and processes in various 
settings (Pedaste et al. 2015).  Research skills (RS) are defined as “skills and abil-
ities to understand how scientific knowledge is obtained in various scientific disci-
plines, to evaluate the validity of scientific claims and need for new scientific ideas 
and concepts, and to understand how these ideas and methods function.” (Fischer 
et al. 2014). Research skills (RS) and digital skills (DLS) are at the core of research 
approaches in a digital environment (Blankendaal et al. 2023), forming new skills 
called digital research skills (DRS).

Problem-Based Learning (PBL) - involves presenting students with real-world 
problems or scenarios that require scientific inquiry and problem-solving skills to 
resolve. Students work collaboratively to investigate the issue, gather data, analyze 
information, and propose solutions, fostering both content knowledge and critical 
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thinking skills (Barrows 1986; Savery 2006). Problems can be clearly defined by 
the teacher or unstructured (Ruiz-Primo 2009). Problems are also divided into rou-
tine (with a clear decision-making procedure) and non-routine (without a clear deci-
sion-making procedure). This approach also fosters research skills, teamwork skills, 
and lifelong learning skills, as well as developing critical thinking (Kurt 2020).

Project-Based Learning (PBL) - involves students working on extended, in-
terdisciplinary projects that address real-world problems or challenges. In science 
education, PBL encourages students to apply scientific knowledge and skills to 
authentic situations, fostering creativity, critical thinking, and motivation (Blumen-
feld et al. 1991; Thomas 2000).

Model-Based Inquiry (MBI) - involves using conceptual models to guide stu-
dents’ exploration and understanding of scientific phenomena. Students engage in 
model construction, refinement, and evaluation to develop explanatory models that 
represent scientific concepts and principles (Schwarz & White 2005; Windschitl et 
al. 2008).

Collaborative Learning - involves students working together in groups to 
achieve common learning goals. In science education, collaborative learning fos-
ters peer interaction, discussion, and cooperation, leading to enhanced understand-
ing of scientific concepts and development of teamwork skills (Slavin 1996; John-
son et al. 1998). 

Design-Based Learning (DBL) - involves students designing and creating solu-
tions to authentic, complex problems or challenges using scientific principles and 
engineering practices. This approach integrates science, technology, engineering, 
and mathematics (STEM) concepts while emphasizing creativity, critical thinking, 
and problem-solving skills (Edelson 1999; Kolodner 2002).

Context-Based Learning - situates scientific concepts within relevant real-world 
contexts, such as societal issues, environmental challenges, or everyday experi-
ences. By connecting science to students’ lives and interests, context-based learn-
ing enhances motivation, engagement, and understanding of scientific principles 
(Bennett & Holman 2002). In design-based learning, students engage in the itera-
tive process of problem identification, solution generation, testing, and refinement, 
mirroring the practices of scientists and engineers. Context-based learning, on the 
other hand, emphasizes the application of scientific knowledge in relevant contexts, 
promoting deeper understanding and meaningful learning experiences for students. 

Differentiated Instruction - involves tailoring instruction to accommodate the 
diverse learning needs, interests, and abilities of students. In science education, dif-
ferentiated instruction may include offering multiple pathways to learning, varying 
instructional strategies, and providing additional support or enrichment opportuni-
ties (Tomlinson & Allan 2000; Tomlinson 2014).

Experiential Learning - involves hands-on experiences where students directly 
engage with materials, experiments, or real-world phenomena. This approach em-
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phasizes learning by doing, allowing students to actively explore scientific con-
cepts and develop practical skills (Dewey 1938; Kolb 2014).

These educational approaches in science education are supported by research 
and have been implemented in various educational settings to promote effective 
teaching and learning of scientific concepts and skills.

Methods and tools of the bibliometric analysis
The main method of research in our study alongside the previous overview we 

made is bibliometric analysis of the results from searches using keywords in the Web 
of Science database. Analysis and visualisation are made with Bibliometrix package 
in R. The searches cover all years (1985 - 2024). Full records and cited references 
are exported for all types of document in all available languages. The searches 
were conducted on May 7, 2024 in the sequence given in Table 1. Searches 2 to 11 
have to bring clarity upon the scientific production connected to science education, 
the digital perspective that we identify broadly with the keyword “digital”, and 
the educational approaches we are interested in. As with the term “digital”, we 
just use simple keywords like “competence”, “inquiry”, “collaborative”, etc. in 
order to make our searches as broader as possible. Absolute numbers indicates that 
“inquiry”, followed by “collaborative” and “competence” may have influence on 
the landscape of science education with connections to the digital perspective. The 
reason to combine all educational approaches in one last search (№12) is the small 
size of datasets in searches 2 to 11 (excluding 2, 3 and 7). 

Table 1. Searches by keywords (WoS)
Search, № Keywords and number of documents, WoS

1 “science education” AND “digital”, (2986)

2 “science education” AND “digital” AND “competence”, (101)

3 “science education” AND “digital” AND “inquiry”, (204)

4 “science education” AND “digital” AND “problem-based”, (26)

5 “science education” AND “digital” AND “project-based”, (37)

6 “science education” AND “digital” AND “model-based”, (25)

7 “science education” AND “digital” AND “collaborative”, (153)

8 “science education” AND “digital” AND “differentiated”, (23)

9 “science education” AND “digital” AND “context-based”, (0)

10 “science education” AND “digital” AND “design-based”, (47)

11 “science education” AND “digital” AND “experiential”, (25)
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12 “science education” AND “digital” AND (“competence” OR “inquiry” OR 
“problem-based” OR “project-based” OR “model-based” OR “collaborative” OR 
“differentiated” OR “context-based” OR “design-based” OR “experiential”), (536)

In this way, two large sets of data appropriate for bibliometric analysis are avail-
able:

–  The set that connects the field of science education most broadly with digital 
skills, competence, technologies, tools, platforms, etc. (Search №1), and

–  The set that most broadly connects science education with digital technolo-
gies, tools, platforms, etc., within the reference of a particular educational approach 
(Search №12). 

Despite the great number of documents (536) in Search 12 that allows a separate 
bibliometric analysis, we consider that a further analysis only for Search 1, which 
is based on science mapping, network and factorial analysis, will give sufficient 
information for our research questions. Moreover, Search 12 is a subset of Search 1.

Results and interpretation
Performance analysis for Search №1 (main information about data)
The data spans from 1993 to 2024. There are 1136 sources including journals, 

books, and other materials and a total of 2986 documents in the dataset. The average 
annual growth rate of the documents is 10.94%, indicating a consistent increase in 
the number of documents over time. The average age of documents in the dataset 
is 6.92 years. On average, each document has received 5.604 citations. The total 
number of references cited across all documents is 69990. There are 2087 instances 
of Keywords Plus and 7959 instances of author-provided keywords. There are a total 
of 7470 unique authors and 575 documents were authored by a single author. On 
average, each document has 3.19 co-authors, and 11.42% of these co-authorships 
are international collaborations. The data includes various types of documents such 
as articles, book chapters, data papers, proceedings papers, books, book reviews, 
corrections, editorial materials, meeting abstracts, and reviews.

Performance analysis for Search №1 (annual scientific production) 
The number of articles appears to have varied over the years. Firstly, the number 

of articles remained relatively low during the early years (1993-2000), with a 
gradual increase. From 2001 to 2007, there was a steady increase in the number of 
articles produced each year, with a notable increase in 2006 and 2007. The period 
from 2008 to 2018 saw rapid growth in scientific production, with a significant 
increase in the number of articles published each year. 

The growth rate appears to peak around 2018. There’s a fluctuation in the 
number of articles in recent years. While there was a decrease in 2019 compared 
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to 2018, there’s a noticeable drop in 2020, followed by a slight increase in 2021 
and a significant decrease in 2022. The number of articles sharply declines in 
2023 and 2024. The fluctuations in recent years might be influenced by various 
factors such as changes in research funding, shifts in research focus, global events 
(like the COVID-19 pandemic), or changes in publication trends. Overall, the 
data shows a general trend of increasing scientific production over the years, with 
some fluctuations in recent years. Further analysis could be done to understand 
the underlying reasons behind these fluctuations and to predict future trends 
(Figure 1).

Figure 1. Annual Scientific Production (1993 –  2024) (for Search 1)

Performance analysis for Search №1 (average citations per year)
From 1993 to 1997 the average number of citations per article (MeanTCperArt) 

is consistently zero, indicating that no citations were received on average for articles 
published in these years. In the next period from 1998 to 2003 the average number 
of citations per article starts to increase gradually, with notable spikes in 2003 
where it reaches 27 citations per article. This increase suggests a growing impact of 
research published during these years. There are fluctuations in the average number 
of citations per article during the period 2004-2009, with some years experiencing 
higher averages than others.
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However, overall, there is a trend of increasing citation impact during this period, 
peaking at 24.21 citations per article in 2009. In 2010 –  2014 the average number 
of citations per article remains relatively high during these years, although there 
are some fluctuations. The average ranges from 4.36 to 14.72 citations per article. 
The average number of citations per article starts to decrease gradually from 2015 
to 2024  with some fluctuations. However, there’s a noticeable decrease towards the 
later years, dropping to 0.2 citations per article in 2024. The number of years over 
which citations were accumulated for articles published in each respective year 
decreases as we move towards the later years. This suggests that recent articles tend 
to accumulate citations more quickly. 

 

Figure 2. Average citations per Year (for Search 1)

The data indicates trends in citation impact over time, with periods of increasing 
impact followed by periods of fluctuation and decline. The decrease in average 
citations per article in the later years may suggest changes in research practices, 
publication patterns, or citation behavior. Further analysis would be needed to 
understand the underlying factors contributing to these trends.

Performance analysis for Search №1 (most relevant sources and corresponding 
author’s countries)
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China has the highest number of articles (793) and is the most frequent 
corresponding author country (26.6% of the total articles). However, the ratio 
of multiple corresponding papers to total papers is relatively low (4.9%). The 
USA follows China with 454 articles, accounting for 15.2% of the total articles. 
Interestingly, the ratio of multiple corresponding papers (the number of articles 
where there were multiple corresponding authors from the respective country) to 
total papers is higher for the USA (6.6%) compared to China. 

Other countries like Indonesia, Bulgaria, Russia, Germany, and the United 
Kingdom also have significant contributions, each with more than 80 articles. Some 
countries have a higher proportion of multiple corresponding papers, indicating 
collaborative efforts or projects involving researchers from those countries. For 
example, the Netherlands, Estonia, and Singapore have relatively high MCP 
(Multiple Corresponding Papers) ratios. The data shows representation from a 
wide range of countries, indicating the global nature of scientific collaboration and 
research contributions (Figure 3).

Figure 3. Corresponding Author’s Countries
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Science mapping and network analysis for Search 1 (clustering by coupling)
The following data (Figure 4) represent the results of clustering by coupling in 

the bibliometric analysis, where each line consists of a thematic cluster along with 
associated terms and their respective confidence levels, frequency, centrality and 
impact.

Cluster 1 (Computational thinking, K-12, Robotics) seems to focus on the 
integration of computational thinking, K-12 education, and robotics with high 
confidence levels. Computational thinking and K-12 have a confidence level of 
87.5%, while Robotics has a confidence level of 80%. These terms are strongly 
associated with each other, indicating a high likelihood that they appear together 
frequently in the analysed literature. 

Cluster 2 (Education, Knowledge, Students) is centred on general education 
themes such as knowledge and students, with a high frequency and impact. Education 
and Knowledge have confidence levels of 54.2% and 76.5%, respectively, while 
Students have a confidence level of 54.3%. While Education and Students have 
moderate confidence levels, Knowledge has a high confidence level. 

Cluster 3 (Beliefs, Mathematics, Education) explores themes related to beliefs 
and mathematics in education, albeit with lower confidence levels and impact. 
Beliefs and Mathematics have confidence levels of 28.6% and 30.8%, respectively, 
while Education has a confidence level of 6.2%. The confidence levels for all terms 
in this cluster are relatively low, indicating a weaker association between beliefs, 
mathematics, and education compared to other clusters.

Cluster 4 (Science, Students, Education) lacks centrality and impact information, 
making it difficult to assess its significance accurately. Science, Students, and 
Education have confidence levels of 19.4%, 13%, and 10.4%, respectively. 
Similar to Cluster 3, the confidence levels for terms in this cluster are relatively 
low, suggesting a weaker association between science, students, and education 
compared to other clusters.
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Figure 4. Clustering by coupling

Cluster 5 (Science-Education, Motivation, Computer games) highlights the 
importance of science education, motivation, and computer games with high 
confidence and impact levels. Science-Education and Motivation have confidence 
levels of 42.4% and 57.9%, respectively, while Computer games have a confidence 
level of 100%. This cluster shows a strong association between science education, 
motivation, and computer games, with computer games having the highest 
confidence level, indicating a significant presence of this term in the analysed 
literature.

Cluster 6 (Pedagogical content knowledge, Framework, Education) emphasizes 
pedagogical content knowledge and frameworks within education, showing 
moderate to high confidence and impact. Pedagogical content knowledge and 
Framework have confidence levels of 73.3% and 32.1%, respectively, while 
Education has a confidence level of 14.6%. Pedagogical content knowledge stands 
out as the term with the highest confidence level in this cluster, suggesting its strong 
association with the other terms, albeit to varying degrees.
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Science mapping and network analysis for Search 1 (co-word network)
The co-word network analysis with nodes in a bibliometric analysis represents 

different concepts or terms, and various metrics associated with these nodes such 
as cluster, betweenness centrality, closeness centrality, and PageRank. Overall, 
the analysis suggests that the network consists of three distinct clusters, each 
representing different aspects of education and related concepts. Cluster 1 focuses 
on motivation, performance, and teaching strategies, Cluster 2 revolves around 
science education and modelling, while Cluster 3 encompasses a broad range 
of educational concepts including curriculum, pedagogy, and subject-specific 
knowledge.

Cluster 1 is formed by key concepts like motivation, performance, achievement, 
engagement, classroom, strategies, chemistry, self-efficacy, online, information, 
computational thinking, challenges, experiences.  They appear to be closely related 
in a cluster with moderate to high betweenness centrality and closeness centrality. 
They have moderate importance in the network based on PageRank. Terms like 
“motivation,” “performance,” “achievement,” and “engagement” may indicate that 
this cluster is related to student outcomes and classroom dynamics. “Motivation” 
has the highest betweenness centrality, suggesting its critical role in influencing 
other terms related to student outcomes and engagement. Closeness centrality 
measures how quickly a node can interact with other nodes in the network. For 
example, terms like “motivation,” “performance,” and “engagement” have 
relatively high closeness centrality values, indicating their efficiency in information 
flow within the cluster. PageRank reflects the importance of a node based on the 
number and quality of links pointing to it. “Motivation” and “performance” have 
notable PageRank values, suggesting their importance in the context of student 
outcomes and classroom dynamics.

Cluster 2 is formed by key concepts like science-education, skills, thinking, 
literacy, models, representations, simulation, children, curriculum, and tool. 
This cluster seems to revolve around concepts related to science education and 
pedagogy, with moderate to high betweenness centrality and closeness centrality. 
These concepts have moderate importance in the network based on PageRank. 
Terms like “science-education” and “skills” in Cluster 2 exhibit high closeness 
centrality, suggesting their influence and connectivity within the cluster.

Finally, Cluster 3 is formed by key concepts like education, students, science, 
knowledge, technology, framework, model, design, teachers, inquiry, instruction, 
impact, attitudes, mathematics, school, beliefs, pedagogical content knowledge, 
system, conceptions, physics, support, perceptions, environments, outcomes, and 
implementation. This cluster includes a wide range of concepts related to education, 
ranging from pedagogy to specific subject areas such as science and mathematics. 
These concepts have high betweenness centrality and closeness centrality, indicating 
their importance in connecting different parts of the network. They also have 
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high importance in the network based on PageRank. “Education” and “students” 
have high betweenness values in Cluster 3, indicating their importance as central 
concepts connecting various terms in the network. They also have high PageRank 
values, indicating their significance as central concepts with many connections to 
other terms.

Interpreting from the perspective of science education and digital technology 
terms like “motivation,” “performance,” “achievement,” and “engagement” 
in Cluster 1 having connectivity with terms like “online”, “information”, 
“computational thinking” may be crucial for understanding students’ behaviour 
and academic success, particularly in digital learning environments. Cluster 2, 
which includes terms like “science-education,” “skills,” and “thinking,” highlights 
the importance of integrating digital technologies into science education to foster 
critical thinking and skill development (“models”, “representations”, “simulation”, 
“children”, “curriculum”, “tool” are also in the same cluster). Cluster 3 emphasizes 
broader educational concepts like “education,” “students,” “science,” and 
“technology,” underscoring the role of digital tools and platforms in enhancing 
teaching and learning experiences across various disciplines, including science 
education.

Science mapping and network analysis for Search 1 (factorial analysis)
The method of factorial analysis used in Bibliometrix R is MCA (Multiple 

Correspondence Analysis). The factorial analysis has grouped the terms into 
clusters based on their similarities and relationships, providing insights into the 
underlying structure and dimensions of the data. Dim.1 and Dim.2 represent 
orthogonal dimensions derived from the factorial analysis. These dimensions 
capture the variance in the data and are used to represent the words or concepts in 
a lower-dimensional space. Dim.1 represent a spectrum from negative to positive 
values, indicating opposing characteristics or factors. Terms with positive values 
might represent concepts related to positive outcomes or attitudes, while those 
with negative values might represent challenges or negative perceptions. Dim.2 
appears to represent another dimension capturing variation in the data. Concepts 
with positive values might indicate one set of characteristics or factors, while those 
with negative values might represent another set of characteristics. 

According to the information given by Bibliometrix R there are 56 entities 
(terms) allocated into seven main groups of terms:

Education-related terms: Words like “education,” “students,” “teachers,” 
“school,” “curriculum,” “professional development,” etc., all have positive load-
ings on both dimensions. These terms are closely related and represent a cluster of 
education-related concepts.

Science and technology terms: Words like “science,” “knowledge,” “technology,”  
“science education,” “physics,” “chemistry,” “mathematics,” “computational think-
ing,” “computer simulations,” etc., all have positive loadings on both dimensions. 
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This indicates a cluster of terms related to science, technology, engineering, and 
mathematics (STEM) education or subjects.

Science and technology terms: Words like “science,” “knowledge,” ‘technol-
ogy,” “science education,” “physics,” “chemistry,” “mathematics,” “computational 
thinking,” “computer simulations,” etc., all have positive loadings on both dimen-
sions. This indicates a cluster of terms related to science, technology, engineering, 
and mathematics (STEM) education or subjects.

Pedagogical terms: Terms like “framework,” “model,” “instruction,” “strate-
gies,” “support,” “implementation,” “challenges,” “experiences,” etc., have posi-
tive loadings on both dimensions as well. These terms seem to relate to pedagogical 
approaches, teaching methods, and instructional strategies.

Cognitive terms: Words like “inquiry,” “thinking,” “perceptions,” “visualiza-
tion,” “conceptual change,” etc., have high loadings on the second dimension and 
relatively lower loadings on the first dimension. These terms might represent cogni-
tive processes, mental representations, or conceptual understanding.

Attitudinal and motivational terms: Terms like “motivation,” “engagement,” “at-
titudes,” “self-efficacy,” “acceptance,” etc., have high loadings on the first dimension 
and relatively lower loadings on the second dimension. These terms are related to 
students’ attitudes, motivation, and self-beliefs towards learning and education.

Technology-related terms: Words like “online,” “simulation,” “computer sim-
ulations,” “internet,” etc., have high loadings on either one or both dimensions. 
These terms seem to represent the use of technology in education, particularly in 
terms of online learning, simulations, and internet-based resources.

Other terms: Some terms like “models,” “conceptions,” “representations,” “lit-
eracy,” “information,” “systems,” etc., have various loadings on both dimensions. 
These terms may represent additional aspects of education, such as conceptual 
frameworks, cognitive models, information literacy, and systemic approaches.

Dim.1 appears to capture factors related to effective educational practices and 
outcomes, while Dim.2 seems to represent factors related to cognitive processes 
and systemic aspects of education. Positive values indicate a strong association 
with these factors, while negative values suggest a weaker or inverse association. 

Trend Topics for Search 1
Another insight on our study can be elicited by the trend topics (Figure 5). The 

criteria for including a certain topic in trend analysis of Bibliometrix R is “Word 
minimum frequency” = 5 and “Number of words per year” = 3. We can see that data 
meet these two criteria from 2012 to 2023.

We analyse the results in Figure 5. 
Education, Students, Science – these terms show a similar trend, with mentions 

starting around 2016 and continuing to increase until 2022. This suggests a sustained 
interest and focus on education, students, and science in the academic discourse 
over recent years.
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Framework, Model, Design, Teachers, Motivation – these terms also show a 
consistent presence in the dataset, with mentions starting around 2016 and peaking 
between 2018 and 2020. This indicates a period of heightened attention to topics 
related to frameworks, models, instructional design, teacher-related issues, and 
motivation in education.

Engagement, Attitudes, Skills – these terms demonstrate a slightly delayed 
emergence, with mentions starting around 2019 and continuing to rise until 2023, 
which suggests a growing interest in aspects such as student engagement, attitudes, 
and skills, reflecting evolving priorities in educational research and practice.

Beliefs, Conceptions, Physics, Tool, Internet, Conceptual Change – these terms 
have varying patterns but generally show mentions spanning from the mid-2010s 
to the early 2020s. While some topics like beliefs and conceptions show a relatively 
stable presence over time, others like physics, tools, internet, and conceptual change 
demonstrate fluctuations in mentions across different years.

Figure 5. Visualisation of trend topics
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Challenges, Professional Development, Environment, Views, Validation – these 
terms appear to have more scattered mentions across the years, with no clear 
increasing or decreasing trend. However, there are peaks in mentions for certain 
years, indicating periods of heightened interest or relevance in the academic 
discourse.

Epistemological Beliefs, Experience, Video, Search, Scientific Epistemological 
Beliefs, Classrooms – these terms have fewer mentions compared to the others, 
with varying patterns of emergence and presence in the dataset. Some, like 
epistemological beliefs and experience, show a consistent presence, while others 
like video and search demonstrate fluctuations in mentions over time.

Conclusion
In answer to RQ#1 we discussed modern educational approaches applicable 

to science education, focusing on competency-based education and other 
methodologies. Our research emphasized the evolution of key competences in 
education, tracing their roots to progressive education movements and contemporary 
frameworks like the European Qualifications Framework (EQF) and the Framework 
for 21st Century Learning. Alongside competency-based education, various 
educational approaches are included in our research like Inquiry-Based Learning, 
Problem-Based Learning (PBL), Project-Based Learning (PBL), Model-Based 
Inquiry (MBI), Collaborative Learning, Design-Based Learning (DBL), Context-
Based Learning, Differentiated Instruction, and Experiential Learning. Research 
skills (RS) and digital skills (DLS) are highlighted as essential components of these 
educational approaches, forming new skills termed digital research skills (DRS). 

The analysis reveals a progressive increase in scientific production in science 
education and digital technology integration over time, indicating the growing influence 
of digital technology in shaping educational research trends (RQ#2). Thematic clusters 
highlight the interconnectedness of concepts such as computational thinking, pedagogical 
content knowledge, and motivation within the context of science education and digital 
technology. These clusters underscore the importance of interdisciplinary approaches in 
educational research (RQ#3). Factorial analysis uncovers dimensions representing factors 
like effective educational practices, cognitive processes, and systemic aspects. It identifies 
associations between terms like “education” and “students” with positive loadings on 
both dimensions, indicating their importance in educational discourse (RQ#4).

Additionally, fluctuations in citation impact suggest dynamic shifts in research 
practices, publication trends, and citation behavior over time. Factors such as changes 
in research focus, funding, and global events may contribute to these fluctuations. Trend 
topics highlight evolving priorities in science education and digital technology, with 
increasing attention to concepts like engagement, attitudes, and skills. These trends may 
reflect a growing interest in student-centered learning and the integration of technology 
into educational practices.
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