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Abstract 
Inquiry-Based Learning (IBL) has become a central approach in science education reform, especially following the 
adoption of standards like the Next Generation Science Standards (NGSS), which emphasize exploration and problem-
solving. This study aims to identify publication trends related to IBL in science education from 2019 to 2024 and to 
determine the most influential journals and researchers in the field. Using bibliometric methods, 700 articles were 
retrieved from the Scopus database and analyzed using VOSViewer and the Biblioshiny package in R. The analysis 
reveals a significant rise in publication volume, with major contributions from Beijing Normal University and countries 
such as the United States. Germany and China demonstrate a balanced integration of national and international 
collaboration, reflecting openness to cross-border partnerships and contributing to the advancement of global science 
education research. Influential documents by authors like Vorholzer and Furtak underscore the global and local impact 
of IBL research. A thematic shift is observed from “scientific inquiry” to broader terms such as “scientific literacy,” 
“science education,” and “nature of science.” These findings suggest the need for enhanced international collaboration, 
deeper integration of technology into instructional strategies, and increased visibility of key institutions and authors 
to drive globally relevant innovations in science education. 

Keywords: Bibliometric Analysis, Inquiry Learning, Learning Model, R Studio (Biblioshiny), Science Education, 
Vosviewer. 
 

Introduction 
Inquiry-Based Learning (IBL) is rooted in 

constructivism and situational cognition theories 

that emphasize active and contextual learning, yet 

it presents distinctive characteristics that 

differentiate it from related pedagogical 

approaches. Its uniqueness lies in the explicit focus 

on inquiry, which involves asking questions, 

conducting investigations, and drawing 

conclusions based on evidence as the central 

element of the learning process (1). While other 

constructivist approaches may emphasize 

experience, collaboration, or social context 

without positioning inquiry at the core, IBL 

consistently establishes inquiry as the foundation 

of knowledge construction. Although it shares 

similarities with active learning and problem-

based learning, IBL is more structured because it 

guides students through systematic stages of 

evidence-based investigation (2). 

Inquiry learning is one of the important 

components in the constructivist approach that 

has a long history in educational innovation or 

renewal. Inquiry learning is a learning approach 

that emphasizes the process of investigation, data 

collection, and inference by learners, so that they 

can build understanding independently (3). This 

explains that inquiry learning is a learning 

approach that emphasizes an active process where 

learners are involved in observation, investigation, 

and problem-solving independently. Therefore, in 

inquiry learning, learners are encouraged to 

formulate questions, develop hypotheses, and 

conduct experiments to find answers to the 

questions or problems given.  

Inquiry-based learning (IBL) has become an 

important part of science education reform, 

especially after the implementation of standards 

such as the Next Generation Science Standards 

(NGSS) that encourage exploration-based learning 

and problem solving (4). These proposed 

standards are in line with inquiry strategies, where 

the approach is more structured and oriented 

towards scientific practices. This is also conveyed 

by Furtak in his research that has been a reform of  
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science learning where there is a shift that involves 

students in the science learning experience. In his 

research, Furtak involved teachers, 

administrators, district and state Science 

curriculum supervisors, and discussions with the 

public (5). The results of this study are in line with 

the Framework for K-12 Science Education 

published by the National Research Council. The 

shift in science learning occurs because it has an 

emphasis on science learning that focuses on 

student participation, where students not only 

receive information but also actively build their 

understanding through exploration, investigation 

and data analysis. In the context of science 

education, this shift is in line with inquiry learning 

as it reflects the methods used by scientists in 

developing new knowledge.  

Although the understanding of inquiry-based 

learning in science education has advanced, in 

practice, many science teaching methods remain 

unchanged. Corrigan said, there is much evidence 

that people who are the result of the education 

system today, tend not to realize how scientific 

research, both past and current, is relevant to their 

personal lives (6). This suggests that science 

education has not succeeded in instilling curiosity, 

relevance or a deep understanding of the 

importance of science in everyday life. This results 

in many adults showing apathy towards scientific 

issues, despite scientific research and findings 

having a major impact on society in general. The 

results of this study indicate that further research 

is still needed to minimize the gaps and challenges 

in implementing inquiry-based learning strategies 

in science education. In this digital era, technology 

allows for simulation, virtual experiments, and 

online collaboration in science learning. One of the 

innovations in science education is the use of 

virtual laboratories within blended-learning 

approaches that integrate inquiry-based learning 

with digital technology. Inquiry learning in virtual 

laboratories is a learning process that requires 

students to actively seek solutions to the problems 

they face, through practicum/observation using 

interactive simulations in searching/examining 

information/data through virtual proof to draw a 

generalization (7). Therefore, with the changing 

learning trends in this digital era, there are still 

many opportunities to develop Science learning 

with inquiry strategies.  

To advance science education through inquiry-

based strategies, research involving academic 

collaboration networks and the exploration of new 

topics is needed to optimize the implementation of 

inquiry approaches in today’s modern era. In 

conducting research involving academic 

collaboration networks, it is important to identify 

the countries, institutions, and key researchers 

that contribute to the development of inquiry-

based learning theories and practices. In this case, 

bibliometric analysis is an effective method in 

assessing the development of research in a field by 

utilizing data from scientific publications. This 

method enables the identification of research 

patterns through quantitative analysis of 

publication counts, citation rates, author 

collaborations, and conceptual relationships 

within the academic literature (8). 

Therefore, this study employed bibliometric 

analysis to map the evolution of research on 

inquiry-based learning in science education from 

2019 to 2024. The specific objectives of this 

research are to identify publication trends related 

to inquiry learning in science education by tracking 

the number and distribution of publications on 

inquiry learning in science education from 2019 to 

2024. Determine influential journals and 

researchers by searching for journals and authors 

that have had a major impact on the development 

of inquiry learning research. Analyzed researcher 

and institutional collaboration by identifying 

relationships between academics and institutions 

active in this research. And mapping the evolution 

of keywords and research topics by analyzing how 

concepts in inquiry learning have evolved over 

time. This method will be implemented using 

software tools such as R Bibliometric and VOS 

Viewer to visualize data through network maps 

and research evolution diagrams. It is hoped that 

with this approach, this research can provide a 

comprehensive picture of inquiry learning and its 

development direction. 
 

Methodology 
The research conducted using the bibliometric 

analysis method is by identifying relevant research 

in science learning with inquiry strategy. 

Bibliometric analysis can analyze scientific 

developments in various fields through 

publications, citations, keywords, authors, 

journals, countries, sources and others using 
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mathematical and statistical methods so as to 

make it easier for researchers to analyze large 

amounts of research results (9). 

The measurement of collaboration strengths in 

bibliometric analyses of inquiry-based science 

learning integrates co-authorship networks, 

institutional and national affiliations, and citation 

patterns to capture the intensity and influence of 

cooperative research (10). Co-authorship mapping 

reveals the degree of author collaboration, while 

affiliation analysis highlights the 

interconnectedness of institutions and countries in 

producing joint publications. Citation and co-

citation analyses further identify the impact of 

collaborative works on shaping research 

directions. Tools such as VOSViewer and R Studio 

enhance the visualization of these relationships, 

providing systematic insights into collaborative 

dynamics. 

The bibliometric analysis method in the research 

includes defining words as initial search keywords, 

initial search results, refinement of the search 

results, compiling statistics on the initial data, and 

data analysis (11, 12). 

Data Collection 
In defining search keywords, researchers refer to 

previous literature to identify commonly used 

terminology in the field of inquiry-based strategies 

in science education. Based on the reviewed 

literature, the search was also conducted using a 

variety of synonyms and related terms to broaden 

the scope by identifying frequently occurring 

technical terminology (13). In this study, the 

keyword data search stage can be seen in Table 1.  

The data analyzed is based on Scopus data, by 

applying categorization in accordance with the 

research objectives. Although the exclusive use of 

Scopus as the sole database in this bibliometric 

analysis may introduce certain biases due to its 

limited coverage compared to other databases, its 

strengths make it a highly suitable choice for this 

study. Scopus was chosen because it has the largest 

database and citations for scientific journals, 

conference proceedings, and books with broad 

global and regional coverage. The data retrieved 

from is also of high quality as it goes through a 

rigorous content selection process. In addition to 

complete metadata records of scholarly articles, 

Scopus also offers comprehensive author and 

institution profiles, derived from advanced 

profiling algorithms and manual curation, thus 

ensuring a high degree of precision and 

completeness. The reliability of Scopus supports 

data analysis with bibliometrics for large-scale 

analysis in research (14). The data will be exported 

in CSV (Comma-Separated Values) format for 

further processing using R studio and VOSViewer 

program.  

At this initial search result stage, articles will be 

obtained that include publication title, author 

name, publication year, citation. This stage 

provides an overview of the number and scope of 

relevant documents (9). 

The search in the Scopus database used several 

keywords which can be seen in Table 1. The search 

period was set from 2019 to 2024, with the 

language restriction used being English. The 

search results showed that there were 700 

documents found, all of which were articles 

without limiting the type of article (such as journal 

articles, conferences, or others).

 

Table 1: Instructions From the Scopus Database 
Time Range Search Results Download Access Time 

2019 - 2024 TITLE-ABS-KEY(("Inquiry") OR ("Inquiry based 

instruction") OR ("guided inquiry learning") OR ("open 

inquiry learning") OR ("problem-based inquiry") OR 

("Inquiry-based science education") OR ("inquiry-based 

laboratory learning") AND ("Science education")) 

700 March 20, 

2025 

15.36 

 

Data Analysis and Presentation 
At the data analysis stage, software such as 

VOSViewer and or Bibliometric in the R program is 

used. The analysis includes two main approaches, 

namely Performance Analysis and Science 

Mapping (15). Performance analysis is by 

measuring the productivity of authors, institutions, 

countries, number of citations, and other indices. 

Science Mapping explores thematic relationships, 

collaboration networks between researchers, and 

keyword clustering. Tools such as VOSViewer are 

used to visualize networks and clusters based on 

bibliometric data, while Bibliometric helps 

generate statistical analysis and graphical 

mapping. VOSViewer is used because of its ability 

to produce mapping images in three types 
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including network visualization, density 

visualization, and overlay visualization so that 

researchers can find research variables that are 

still little researched to variables that have been 

researched (16). The use of R Studio to open 

Biblioshiny is to visualize the knowledge network 

in this field by using bibliographic images that 

show the relationship between documents based 

on the similarity of references cited (17). 

 

Table 2: Key Information 
Description Results 

MAIN INFORMATION ABOUT DATA 
 

Timespan 2019:2024 

Sources (Journals, Books, etc.) 234 

Documents 700 

Annual Growth Rate % 8.03 

Document Average Age 3.35 

Average citations per doc 8.069 

References 35797 

DOCUMENT CONTENTS 
 

Keywords Plus (ID) 377 

Author's Keywords (DE) 1937 

AUTHORS 
 

Authors 1982 

Authors of single-authored docs 101 

AUTHORS COLLABORATION 
 

Single-authored docs 107 

Co-Authors per Doc 3.34 

International co-authorships % 18 

DOCUMENT TYPES 
 

article 700 
 

Results 
Overview 
Based on data obtained from Scopus data analyzed 

with R (Bibliometric package) and VOSViewer, 

information is obtained regarding the publication 

trend of inquiry learning (2019-2024), In the 

2019–2024-time span, there were 700 documents 

with an average of 8.069 citations per document. 

There were 21763 authors who contributed to this 

research topic, with 2224 single authors. From the 

Scopus article database processing, 377 keywords 

were used in this research, and 1937 author's 

keywords were relevant to the topic of inquiry 

learning in Science learning.  

Table 2 shows the main information of the 

analyzed Scopus files such as: document types, 

document content, authors, and author 

collaboration. 

Most Relevant Sources 
The results of the bibliometric analysis on inquiry 

learning in science education for the period 2019-

2024 show 10 main sources that are relevant in 

this field. The first rank is occupied by the 

International Journal of Science Education with 42 

publications, which shows its role as a leading 

source that contributes greatly to the development 

of inquiry learning in Science education. Both the 

International Journal of Science Education and 

Research in Science Education contribute as 

sources of information on inquiry-based learning 

in science education. The next source is Research 

in Science and Technological Education, which 

produced 27 publications, giving attention to 

inquiry and technology strategies in science 

learning. The fourth rank is occupied by Education 

Sciences with 26 publications highlighting aspects 

of education, including inquiry-based learning. In 

5th position, the Journal of Science Education and 

Technology with 21 publications shows its 

contribution in linking science education with 

technology. These five sources are the main 

references that reflect the development and 

direction of research related to inquiry strategies 

in science education. To get information on the 10 

journals included in the most relevant sources can 

be seen in Table 3.  

Table 3 presents the ten most productive journals, 

all of which consistently publish work related to 

inquiry-based science education within a relatively 

broad scope. This indicates that research on 

inquiry-based approaches in science education 

remains a central topic in various scholarly 

publications. Nevertheless, discussions on this 

approach are still conducted in a broader context, 

highlighting opportunities for further research, 

particularly in the integration and utilization of 

technology as part of the learning process. 
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Table 3: Top 10 Most Relevant Sources 2019-2024 
Rank Sources Articles 

1 International Journal of Science Education 42 

2 Research in Science Education 32 

3 Research in Science and Technological Education 27 

4 Education Sciences 26 

5 Journal of Science Education and Technology 21 

6 Eurasia Journal of Mathematics, Science and Technology Education 19 

7 Science and Education 19 

8 Cultural Studies of Science Education 18 

9 Journal of Research in Science Teaching 18 

10 Science Education 15 
 

Based on Figure 1, the Three Field Plot illustrates 

the reinforcing relationship between authors’ 

countries of origin, the dominant research themes, 

and the journals that serve as publication outlets. 

The visualization indicates that the USA emerges 

as the most dominant contributor to research on 

inquiry-based science education, while science 

education appears as the most frequently 

investigated thematic focus. At the same time, the 

International Journal of Science Education is 

identified as the most productive outlet in this 

domain, thereby affirming its central role in 

advancing scholarship on inquiry-based science 

education. 
 

 
Figure 1: Three Field Plot (County-Keyword-Source journal)

 

Annual Scientific Production 
Figure 2 shows the annual production growth 

(2019-2024) of research on the implementation of 

inquiry learning in science education. This 

research has increased significantly from year to 

year. In 2019, there were 104 studies, which 

continued to increase to 110 studies in 2020, and 

so on until it reached 122 studies in 2021. This 

shows the growing enthusiasm and attention to 

this topic. However, in 2022, there was a decline 

with a total of 107 studies and continued in 2023 

with 104 studies. However, in 2022 and 2023, 

there was a decline in the number of studies 

conducted. This trend warrants further 

investigation to identify the underlying factors 

contributing to this decrease. In 2024, there was a 

sharp increase with 153 studies, reflecting a major 

resurgence in interest in inquiry learning, which 

could be attributed to new needs or innovative 

directions in science education. This pattern 

illustrates the dynamics of research that keep pace 

with the evolving needs and challenges in modern 

educational contexts, as shown in Figure 2. 
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Figure 2: Annual Scientific Production (2019 - 2024) 

 

Authors' Local Impact (H-Index) 
Table 4 shows the impact that authors have had on 

related research. Authors' Local Impact (H-Index) 

analysis shows that, Bogner Fx is the author with 

the highest local impact based on the H-Index 

indicator. Bibliometric analysis of Bogner Fx 

shows metrics that explain his academic 

contributions since 2019. An h-index value of 5 

indicates that there are at least 5 publications that 

have each been cited at least 5 times, reflecting 

significant research impact albeit on a limited 

scale. 
 

Table 4: Top 10 Authors' Local Impact Based On H-Index  
Rank Author H-index g_index m_index TC NP PY_start 

1 Bogner Fx 5 6 0.714 169 6 2019 

2 Scheiter K 5 5 1.25 90 5 2022 

3 Aksela M 4 4 0.571 153 4 2019 

4 Blonder R 4 4 0.571 87 4 2019 

5 García-Carmona A 4 5 0.571 75 5 2019 

6 Liu C 4 5 0.571 127 5 2019 

7 Bartels S 3 4 0.429 85 4 2019 

8 Chen J 3 3 0.5 35 3 2020 

9 Cirkony C 3 3 0.5 15 4 2020 

10 Emden M 3 4 0.429 34 4 2019 

Note: TC (Total Citations), NP (Number of Publications), and PY (Publication Year Start) 
 

Additionally, a g-index of 6 indicates that the 

cumulative number of citations of the top 6 

publications is greater than the sum of the squared 

publications, indicating a high concentration of 

citations on a few works. The m-index value of 

0.714 shows an average increase in h-index per 

year since its first publication, indicating 

consistency in research contribution. The total 

citations (TC) of 169 explain that Bogner Fx's 

research is recognized by the academic community 

so that it is widely cited by other researchers. The 

number of publications (NP) of 6 indicates that 

Bogner Fx has produced a total of 6 scientific 

papers since 2019. This relatively limited number 

reflects that the research focus has relevance to 

inquiry strategies in science education, allowing 

for more in-depth exploration and significant 

contributions. This data reflects the productivity 

and relevance of Bogner Fx's work in supporting 

research developments since 2019. 

Bibliometric analysis of Scheiter K shows that his 

academic productivity began in 2022 with h-index 

and g-index values of 5 each, reflecting consistency 

in the number of high-impact publications and 

cumulative citations of the top five publications. 

The m-index value of 1.25 indicates relatively 

rapid growth of the h-index each year compared to 

Bogner Fx, who has a lower m-index value of 0.714, 

despite starting publication in 2019. With a total of 

90 citations (TC) and 5 publications (NP), Scheiter 

K has made significant contributions within a 

relatively short period. This indicates an 

accelerated impact in terms of both index and 

quality. In contrast, Bogner Fx demonstrates long-

term consistency in academic contributions. 

What is interesting from Table 4 is the Bibliometric 

analysis of Liu C, which shows his academic 
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contribution with h-index 4 and g-index 5 since 

2019. This shows a significant impact from his 5 

publications with a total of 127 citations (TC). The 

m-index value of 0.571 shows slower growth than 

Bogner Fx with an m-index of 0.714, and much 

lower than Scheiter K with an m-index of 1.25. 

Based on Table 4, Liu C has a relatively high 

number of citations at 127, which explains that Liu 

C's research is recognized by the academic 

community so that it is often cited by other 

researchers. 

Leading Institutions 
As shown in Table 5, the Most Relevant Affiliation 

analysis indicates that Beijing Normal University 

ranks first in contributing to research on 

inquiry-based science learning, with a total of 25 

published articles. This number of publications 

reflects the university's significant role in 

producing relevant and impactful research in the 

field of science education. This top position 

confirms the institution's commitment to 

developing educational innovation and supporting 

inquiry-based scientific studies. Beijing Normal 

University's dominance in the number of articles 

also demonstrates its strong academic and 

research capacity, while strengthening its position 

as one of the global centers of excellence in 

research-based science education. This 

contribution has a major impact on the 

development of inquiry learning strategies at the 

international level. Therefore, Beijing Normal 

University can be used as an institution that 

deserves to be used as a reference and partner in 

further research development. 
 

Table 5: Most Relevant Affiliations 
Rank Affiliation Articles 

1 Beijing Normal University 25 

2 National Taiwan Normal University 23 

3 The University of Auckland 20 

4 Universidad De Sevilla 19 

5 University Of Helsinki 17 
 

Figure 3 shows an increase in the number of 

publications from universities researching the 

field of inquiry learning in science education from 

2019 to 2024. Based on the Most Relevant 

Affiliations analysis, Beijing Normal University 

ranked first in academic contributions with a 

consistent increase in the number of articles from 

2019 to 2024. In 2019, the university produced 5 

articles, and there was a slight increase to 6 articles 

in 2020. This shows a steady initial growth. 

Significant increases occurred in subsequent years, 

with 10 articles published in 2021 and 17 articles 

in 2022. The number of publications continued to 

grow until it reached 20 articles in 2023 and 

peaked in 2024 with 25 articles. This upward trend 

demonstrates Beijing Normal University's role in 

supporting the development of scientific literature, 

especially in the field of science education, while 

also showing its capacity as an institution that 

actively contributes to the development of inquiry-

based research at the global level.  

In addition to Beijing Normal University, there are 

also contributions from several institutions that 

show mixed trends in the number of articles 

produced from 2019 to 2024. National Taiwan 

Normal University showed steady growth, starting 

with 1 article in 2019, then increasing sharply to 

10 articles in 2020, reaching 16 articles in 2021, 

and remaining consistent with 18 articles in 2022 

and 2023, until finally reaching 23 articles in 2024. 

Universidad de Sevilla also showed a steady trend, 

starting with 3 articles in 2019, increasing to 8 

articles in 2020, and peaking in 2024 with a total 

of 19 articles. The University of Helsinki's 

contribution follows a gradual pattern, from 7 

articles in 2019 to reach 17 articles in 2024. The 

University of Auckland showed a unique pattern 

with no contributions from 2019 to 2023 but 

suddenly produced 20 articles in 2024. This 

phenomenon reflects a significant surge in 

academic activity over the past year, highlighting 

the institution’s growing commitment to 

advancing research, particularly in inquiry-based 

strategies within science education. A visual 

explanation of this can be seen in Figure 3 

(Affiliations' Production Over Time). 
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Figure 3: Affiliations' Production Over Time 

 

Scientific Production by Most Cited 

Countries 
The Most Cited Countries analysis in Table 6 shows 

that the United States (USA) has a total of 1,721 

citations, with an average citation per article of 

11.50. This high number of citations reflects the 

influence and quality of research conducted by 

researchers in the USA, as well as indicating a 

broad level of acceptance and recognition of their 

contributions within the international academic 

community. The significant citation average 

indicates that research originating from the USA is 

often used as a primary reference in scientific 

literature, reinforcing the country's position as a 

leader in global scientific development. This data 

also demonstrates the important role the USA 

plays in fostering innovation and supporting high-

impact scientific discussions in various research 

areas, including inquiry learning strategies in 

science education. 

Table 6 shows that Hong Kong, despite having a 

lower number of citations at 175, has the highest 

average article citations among all countries at 

21.90. Although the number of articles published 

by researchers from Hong Kong is less than other 

countries, the average citations per article from 

Hong Kong is the highest, at 21.90. This reflects 

that each article produced is of very high quality, 

resulting in more referrals and recognition by the 

global scientific community. As such, research 

from Hong Kong has a greater impact on a per-

article basis than publications from other 

countries, giving it an edge in scientific 

effectiveness and influence on an international 

level. The combination of in-depth research quality 

and high relevance reinforces Hong Kong's 

position as an important contributor to academic 

literature. Countries such as Germany, China, 

Australia and Spain each contributed significantly 

to the development of related literature. Other 

countries such as Finland, Hong Kong, the United 

Kingdom, Turkey, and Ireland also made the top 10 

list, reflecting the wide geographical distribution of 

scholarly influence. The contributions of these 

countries demonstrate the diversity in research 

perspectives, while opening up opportunities for 

closer international collaboration to support the 

development of research on inquiry strategies in 

science education. 
 

Table 6: Most Cited Countries 
Country TC  Average Article Citations 

USA 1721 11.50 

Germany 661 16.10 

China 298 7.40 

Australia 269 8.40 

Spain 263 6.40 

Finland 196 17.80 

Hong Kong 175 21.90 

United Kingdom 168 14.00 

Turkey 132 6.90 

Ireland 91 11.40 
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Table 7:  Country Production Over Time 

Country 
Articles on Year 

2019 2020 2021 2022 2023 2024 

Australia 19 34 52 67 81 95 

China 22 41 72 97 110 165 

Germany 20 54 69 88 124 145 

Spain 15 39 66 112 133 189 

USA 117 205 343 420 503 607 
 

The production of articles on inquiry learning in 

education from the top 5 countries can be seen in 

Table 7. 

An analysis of article production across different 

countries shows a significant upward trend in 

scientific publications related to inquiry-based 

learning in science education. Spain is one of the 

largest contributors, with the number of articles 

increasing sharply from 15 in 2019 to 189 in 2024. 

This increase shows consistent attention to the 

development of inquiry-based learning strategies 

in the country. China also shows a positive trend, 

with the number of articles growing from 22 in 

2019 to 165 in 2024, reflecting a commitment to 

advancing research in science education. Germany 

has a steady growth pattern, with the number of 

articles increasing from 20 in 2019 to 145 in 2024. 

This data shows that these countries continue to 

contribute significantly to scientific literature in 

science education. 

Australia, despite having a smaller number than 

Spain, China and Germany, still shows a consistent 

increase from 19 articles in 2019 to reach 95 

articles in 2024. This reflects substantial academic 

engagement in supporting the development of 

literature related to inquiry strategies in science 

learning. Overall, the year-on-year increase in 

article production in these countries suggests that 

research in inquiry-based learning is a major focus 

that continues to receive academic attention. This 

development provides a strong basis for 

international collaboration and further 

development in the field of research-based science 

education, as illustrated in Figure 4. 
 

 
Figure 4: Country Production over Time 

Corresponding Author’s Countries 
In bibliometric analysis using Biblioshiny, two key 

indicators are employed to describe collaboration 

patterns: SCP (Single Country Publications), which 

refers to publications authored entirely by 

researchers from the same country and reflects 

domestic collaboration, and MCP (Multiple 

Country Publications), which refers to publications 

involving authors from different countries and 

indicates international collaboration. The top 5 

Corresponding Author’s Countries of articles on 

inquiry learning in education can be seen in. Table 

8. 

Table 8: Corresponding Author’s Countries 
Country Articles Articles % SCP MCP MCP % 

USA 150 21.4 136 14 9.3 

Germany 41 5.9 29 12 29.3 

Spain 41 5.9 35 6 14.6 

China 40 5.7 28 12 30 

Australia 32 4.6 26 6 18.8 
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Based on the results, the five countries with the 

highest number of publications from 

corresponding authors are the United States, 

Germany, Spain, China, and Australia. The United 

States demonstrates a strong dominance in 

domestic research activity with relatively limited 

international engagement. In contrast, Germany 

and China present a more balanced pattern 

between national and international collaboration, 

suggesting greater openness to cross-border 

partnerships. Spain and Australia, meanwhile, 

emphasize domestic collaboration with 

comparatively modest international involvement. 

Although the United States leads in publication 

volume, European and Asian countries 

demonstrate greater openness to international 

collaboration, thereby strengthening the global 

landscape of inquiry-based science education 

research. 

Local Impact Article 
Based on Table 9, the most cited document is 

entitled Guidance in Inquiry-Based Instruction – 

An Attempt to Disentangle a Manifold Construct, 

authored by Vorholzer and published in 2019. The 

documents analyzed are part of the 700 documents 

retrieved in the Scopus database. The purpose of 

this analysis was to show significant contributions 

in scientific literature related to inquiry-based 

education. This document has 13 local citations 

(LC) within the scope of 700 documents retrieved 

from Scopus, and 51 global citations (GC), which 

includes citations outside the 700 documents, such 

as from Web of Science (WoS) and other sources. 

The LC/GC ratio was 25.49%. This data shows that 

despite its global impact, the document received 

stronger attention at the local level compared to its 

global citations. The Normalized Local Citations 

value of 20.48 reflects significant influence in the 

local context, while the Normalized Global 

Citations of 3.70 indicate that the document 

remains relevant and widely appreciated in 

international literature. This data confirms that the 

research is not only relevant to the local 

community but also makes a significant 

contribution to global academic discussions, thus 

strengthening the position of this document in 

supporting the development of inquiry-based 

education. 

A document entitled Coming to terms: Addressing 

the persistence of "hands-on" and other reform 

terminology in the era of science as practice by 

Furtak Em, was also published in 2019. The 

document authored by Furtak Em recorded 7 local 

citations and a much higher global citation of 113, 

with an LC/GC ratio of 6.19%, indicating that the 

impact is more extensive at the global level than 

local. The Normalized Local Citations of 11.03 and 

Normalized Global Citations of 8.19 reflect a 

consistently higher global contribution in 

international literature. This comparison confirms 

that Vorholzer's paper is more widely recognized 

in the local community, whereas Furtak Em's 

paper dominates on a global scale, exerting a 

distinct influence on academic discussions 

regarding inquiry-based science education
 

Table 9: Most Local Cited Documents 
Title doi Year Local 

Citations 

Global 

Citations 

LC/GC 

Ratio 

(%) 

Normalized 

Local Citations 

Normalized 

Global Citations 

Guidance in inquiry-based instruction - an attempt 

to disentangle a manifold construct (18) 

10.1080/095006

93.2019.1616124 

2019 13 51 25.49 20.48 3.70 

Coming to terms: Addressing the persistence of 

"hands-on" and other reform terminology in the era 

of science as practice (19) 

10.1002/sce.214

88 

2019 7 113 6.19 11.03 8.19 

An international collaborative investigation of 

beginning seventh grade students' understandings 

of scientific inquiry: Establishing a baseline (20) 

10.1002/tea.215

12 

2019 6 52 11.54 9.45 3.77 

Inquiry as a context-based practice - a case study of 

pre-service teachers' beliefs and implementation of 

inquiry in context-based science teaching (21) 

10.1080/095006

93.2019.1655679 

2019 5 19 26.32 7.88 1.38 

Views About Scientific Inquiry: A Study of Students' 

Understanding of Scientific Inquiry in Grade 7 and 

12 in Sweden (22) 

10.1080/003138

31.2020.1869080 

2021 4 22 18.18 19.45 3.11 

Comparative Learning Performance and Mental 

Involvement in Collaborative Inquiry Learning: 

Three Modalities of Using Virtual Lever 

Manipulative (23) 

10.1007/s10956-

020-09838-4 

2020 4 12 33.33 12.57 0.77 

Student-question-based inquiry in science 

education (24) 

10.1080/030572

67.2019.1658059 

2019 4 41 9.76 6.30 2.97 
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Project-based learning in integrated science 

education: Active teachers' perceptions and 

practices (25) 

10.31129/LUMA

T.9.1.1392 

2021 3 30 10.00 13.56 3.14 

Supporting middle school students' science talk: A 

comparison of physical and virtual labs (26) 

10.1002/tea.216

64 

2021 3 33 9.09 13.56 3.46 

International collaborative follow-up investigation 

of graduating high school students' understandings 

of the nature of scientific inquiry: is progress being 

made? (27) 

10.1080/095006

93.2021.1894500 

2021 3 23 13.04 13.56 2.41 

 

Trend and Theme Research 
Based on Table 10, the word "inquiry-based 

instruction" appears 56 times throughout 2020 to 

2023, the word "inquiry" 53 times throughout 

2020 to 2023 and the word "scientific inquiry" 41 

times throughout 2020 to 2023. This indicates that 

the inquiry-based approach has become a central 

focus in science education research, particularly in 

enhancing critical thinking skills and deepening 

the understanding of scientific concepts. This is 

also supported by the results of research that 

explains there is a strong correlation between 

critical thinking skills and science literacy (28). 

Table 10 also shows that the words "computer 

science education” and “computational thinking" 

are at the top where the frequency of the word 

computer science education appears 11 times from 

2020-2024, and the word computational thinking 

appears 13 times from 2021-2024. Based on the 

research results, it was found that Inquiry-Based 

Learning (IBL) has become a major cornerstone in 

modern science education, supported by 

frameworks such as the Next Generation Science 

Standards (NGSS) (29). Next Generation Science 

Standards (NGSS) are science education standards 

developed to improve students' understanding of 

scientific concepts through inquiry-based and 

exploratory approaches. Although NGSS focuses on 

science education in general, in its development 

there is NGSS support in the use of technology in 

Science learning such as STEM (Science, 

Technology, Engineering, and Mathematics) (30). 

With the support of NGSS in the use of technology 

in science learning, this explains the frequent 

appearance of words such as computational 

thinking and computer science education in 

research on inquiry strategies in science learning.  

Table 10: Most Frequent Words 
Term Frequency Year (Q1) Year (Median) Year (Q3) 

Computational Thinking 13 2021 2023 2024 

Computer Science Education 11 2020 2023 2024 

Science Process Skills 8 2022 2024 2024 

Ecology 6 2022 2024 2024 

Mathematics Education 6 2022 2024 2024 

Inquiry-based Instruction 7 2019 2019 2023 

Creativity 10 2020 2020 2023 

Inquiry-based Learning 56 2020 2021 2023 

Inquiry 53 2020 2021 2023 

Scientific Inquiry 41 2020 2021 2023 

Science Education 223 2020 2022 2023 

Professional Development 28 2020 2022 2023 

Teacher Education 27 2021 2022 2023 

Elementary Education 9 2021 2023 2023 

Stem Education 12 2020 2020 2022 

Curriculum 8 2019 2020 2022 

Chemical Education Research 5 2019 2019 2019 

Based on Figure 5, there are several terms related 

to research on science learning with inquiry 

strategies such as scientific inquiry, inquiry, and 

inquiry-based learning where this research started 

in 2019 and stopped in 2023. The next 

development is the emergence of the word science 

process skills 8 times starting from 2022 to 2024. 

Science process skills are the basis for critical 

thinking and inquiry in science education. This 

explains that research on inquiry strategies in 

science learning is a topic that is still developing to 

be researched. 
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Figure 5: Trend Topics 

 

Through the Authors' Word Cloud analysis in 
Figure 6, the term "Science Education" has the 
largest font size, reflecting its dominant frequency 
of occurrence in the literature on inquiry strategies 
in science learning. This term reflects the primary 
focus on science education as the foundation of 
theory and practice. "Inquiry-based Learning" is 
the second largest font size, indicating significant 
attention to inquiry-based learning strategies. The 
terms "Inquiry" and "Scientific Inquiry" at a large 
font size reflect the focus on the process of 

scientific investigation as the core of inquiry-based 
learning. Finally, the term "Inquiry-based Science 
Education" has the smallest font size, signaling a 
more specific appearance in the literature, which is 
also relevant in the context of inquiry-based 
science education. This pattern illustrates the 
hierarchy of attention and influence in research 
articles with inquiry strategies being an important 
topic in scientific discussions related to science 
learning. 

 

 
Figure 6: Word Cloud 

Thematic Map 
The thematic map provides a comprehensive 

overview of the trends and development of 

research topics and publications. This can be seen 

in Figure 7, which illustrates the evolution of study 

themes categorized into four groups. Thematic 

maps are one of the tools used to map research 

areas based on keywords and related themes.  

In this case, based on the analysis using Program R, 

the results show that "inquiry-based science 

education" is in the Upper Right (Motor Themes) 

where the themes in this quadrant have high 

centrality and density. This means that the theme 

of "inquiry-based science education" is considered 

established and relevant and can be the center of 

attention in research. This shows that this research 

is still evolving and is relevant to be a research 

topic. This can be seen in Figure 7. 

To understand the evolution of research themes, 

Figure 8 illustrates the co-occurrence network 

generated in VOSViewer. In this network, nodes 

represent keywords or research topics, with larger 

nodes indicating higher frequency of occurrence in 

the dataset. Edges connect nodes and depict co-

occurrence relationships between keywords; 

thicker edges signify stronger associations. 

Clusters are distinguished by different colors, 

grouping keywords according to thematic linkages. 

As shown in Figure 8, scientific inquiry appears as 

a small node that remains unconnected to other 

clusters, indicating that this theme still offers 

considerable potential for further investigation.
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Figure 7: Thematic Map 

 

 
Figure 8: Co-occurrence Network 

 

Thematic Evolution 
In 2019-2022 there was a change in Author's 

Keyword where the keyword "inquiry" expanded 

to include "science education", "nature of science" 

and still includes "inquiry" in 2023-2024. In 

addition, the keyword "Science Education" in 

2019-2022 expand to "science literacy", "science 

education", "inquiry-based learning" and 

"computer science education" in 2023-2024. This 

illustrates the effort to integrate science literacy 

and technology-based approaches. In 2019-2022 

there was also a change in the keyword "scientific 

inquiry" which shifted to "scientific literacy", 

"science education" and "nature of science" in 

2023-2024. This shows attention to scientific 

literacy and a fundamental understanding of the 

nature of science. The change in keywords from 

'scientific inquiry' to 'scientific literacy', 'science 

education' and 'nature of science' in 2023-2024 

reflect the shift in research focus towards a 

broader and deeper approach in science education. 

This shows increasing attention to the 

development of scientific literacy as an important 

ability to understand and apply science concepts in 

everyday contexts. This shift encourages science 

education to be more relevant and can strengthen 

critical thinking skills and reflection in inquiry-

based learning. It is hoped that this shift will 

provide a basis for greater innovation in science 

education, as seen in Figure 9.
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Figure 9: Thematic Evolution

 

Discussion 
Inquiry-based learning is fundamentally grounded 

in constructivist theory, which emphasizes that 

learners build knowledge through direct 

experiences and social interactions (31). This 

model encourages students to actively engage in 

problem-solving and critical thinking, shifting the 

learning process from passive information 

reception to active knowledge construction 

through exploration. Consistent with 

constructivist principles, the implementation of 

inquiry-based learning has been shown to enhance 

student engagement and improve learning 

outcomes, as it fosters reflective and meaningful 

experiences (31, 32). The current integration of 

technology into Inquiry-Based Learning (IBL) 

signifies a profound paradigm shift in education, 

characterized by the incorporation of digital tools 

and methodologies that enrich learning 

experiences, making them more interactive and 

student-centered. This transformation not only 

facilitates the construction of knowledge but also 

aligns with contemporary educational imperatives 

by fostering critical thinking and problem-solving 

skills. Empirical evidence demonstrates this 

evolution, such as the integration of games, 

gamification, and artificial intelligence (AI) in 

Grade 12 Life Sciences classrooms in South Africa 

to address learners’ cognitive needs (33). 

Similarly, blended learning, which strategically 

combines traditional and digital pedagogies, offers 

a flexible environment that accommodates diverse 

student needs and is supported by theoretical 

frameworks such as the Community of Inquiry 

model, thereby enhancing educational outcomes 

(34). Collectively, these developments underscore 

the evolution of IBL into a more relevant, adaptive, 

and transformative approach capable of 

addressing the challenges of contemporary 

education. 

Inquiry-Based Science Education (IBSE) has been 

shown to significantly enhance students’ critical 

thinking and problem-solving abilities, with 

medium to large effect sizes across various 

educational levels, ranging from primary to 

tertiary education (35). This finding is further 

supported by a meta-analysis reporting an average 

effect size of 0.69, which indicates a moderate 

impact on student learning outcomes (36). Such 

evidence highlights the robustness of IBSE in 

fostering essential cognitive skills that are crucial 

for academic success. Moreover, the consistency of 

these results across diverse educational contexts 

underscores the broad applicability of this 

pedagogical approach. Collectively, these findings 

affirm IBSE as an effective and sustainable model 

for advancing students’ higher-order thinking 

skills. 

The results of bibliometric research analysis on 

publications related to inquiry-based learning 

indicate a rising trend in the number of articles 

discussing this strategy in science education from 

2019 to 2024. The bibliometric analysis of inquiry 

learning in science education from 2019 to 2024 

demonstrates a consistent rise in publications, 

with the International Journal of Science Education 

emerging as the leading outlet through 42 articles 

that underscore its central role in advancing 

research in this area (37, 38). The contributions of 

individual scholars are also evident, particularly 

Bogner Fx, who records the highest local impact 

based on the h-index (38), while the United States 

stands out as a major contributor with 1,721 

citations and an average of 11.50 citations per 

article, reflecting both the quality and influence of 
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its research output. These findings indicate that 

the landscape of inquiry learning research is 

expanding rapidly, supported by influential 

journals and key researchers, that provide new 

opportunities to strengthen inquiry-based 

practices in science education worldwide. 

The increase in publications on Inquiry-Based 

Learning (IBL) reflects a growing recognition of its 

pivotal role in science education, particularly in 

fostering critical thinking, creativity, and problem-

solving skills (39, 40). This trend reflects the global 

agenda on 21st-century competencies, 

underscores the effectiveness of inquiry-based 

learning (IBL) across diverse contexts, and 

highlights its synergy with active learning 

strategies, framing the rise in IBL publications as a 

call to adapt science education to contemporary 

demands. 

The United States holds a dominant position in 

science education research, particularly in STEM, 

with substantial contributions from its institutions 

and scholars. This prominence is evidenced by the 

high volume of publications, reputable journals, 

and influential international conferences (41). A 

distinctive hallmark is the integration of inquiry-

based learning, which functions as a fundamental 

dimension of the scientific process by fostering 

critical thinking and problem-solving. Aligned with 

global objectives such as SDG 4, and reinforced by 

the evolution toward holistic STEM/STEAM 

frameworks, inquiry-based learning connects 

scientific concepts to real-world contexts while 

promoting interdisciplinary innovation (42). 

Bibliometric analyses indicate a substantial shift in 

science education research, with traditional 

concepts such as scientific inquiry increasingly 

replaced by contemporary themes including 

scientific literacy, science education, and the 

nature of science. Scientific literacy is now 

considered essential for preparing students to 

make informed personal and societal decisions, 

with explicit instruction on the nature of science 

recognized as a critical means of strengthening this 

literacy (43). In parallel, the nature of science has 

emerged as a significant area of inquiry, with 

studies mapping its influence on pedagogical 

practices and curriculum integration, although 

scholarly engagement in this domain remains 

somewhat inconsistent (44). Collectively, these 

trends underscore a new trajectory in science 

education that emphasizes social relevance, the 

integration of NOS, and the strengthening of 

scientific literacy as foundational elements of 

curriculum development. 

The network analysis of inquiry-based science 

learning reveals persistent global inequalities, 

particularly affecting peripheral or 

underrepresented regions through citation bias, 

limited publication output, and restricted 

collaboration opportunities. Bibliometric evidence 

highlights the dominance of countries with strong 

academic infrastructures, such as the United 

States, Germany, and China, whose extensive 

collaborations often overshadow contributions 

from less connected regions. Scholars from 

peripheral areas remain consistently undercited, 

reinforcing systemic biases and cycles of exclusion 

(45). Addressing these disparities requires 

removing financial barriers, implementing 

structural reforms, and adopting inclusive 

practices. Initiatives such as discounted open-

access fees, transformative agreements, and local 

capacity-building programs provide pathways 

toward a more equitable publishing ecosystem 

(46). 

The exploration of Inquiry-Based Learning (IBL) in 

the context of emerging economies remains 

relatively under-researched, despite its 

considerable potential to transform educational 

practices in these regions. Most studies on IBL and 

technology-enhanced learning are concentrated in 

developed countries, leaving the challenges and 

opportunities of emerging economies 

insufficiently addressed. The successful 

implementation of IBL in such contexts requires a 

deep understanding of local conditions, including 

language, cultural norms, and educational 

infrastructure (47). Unfortunately, existing 

research often neglects these contextual 

dimensions, which are crucial for designing 

effective IBL interventions. Therefore, this 

research gap presents an opportunity to develop 

IBL strategies that are more adaptive to the socio-

economic and cultural realities of emerging 

economies. 

The discussion of collaboration patterns in 

inquiry-based science education research 

underscores diverse national strategies that reflect 



Martha et al.,                                                                                                                                                 Vol 7 ǀ Issue 2 
 

 

 

 

328 

both priorities and varying degrees of openness to 

international partnerships. The United States 

occupies the leading position in terms of 

publication volume; however, its relatively limited 

international engagement reinforces a strong 

emphasis on domestic research agendas. In 

contrast, Germany and China exhibit a balance 

between national and international collaboration, 

signaling strategic openness to cross-border 

partnerships and strengthening the global 

landscape of inquiry-based science education 

research. International collaboration patterns 

reveal differences in national strategies: while the 

United States tends to prioritize domestic 

partnerships, Indonesia, China, and India emerge 

as more globally integrated actors. Regional 

collaborations across Europe, Asia, and the 

Americas further highlight the importance of 

shared language and cultural proximity in shaping 

research networks (48). 

Bibliometric analysis also indicates steady growth 

in collaborative research across disciplines, with 

interdisciplinary approaches and international 

partnerships enhancing research outputs and 

innovation. Overall, these patterns affirm the 

significance of balanced collaboration strategies 

that integrate domestic strengths with 

international opportunities, thereby expanding 

research agendas and fostering sustainable 

innovation in inquiry-based science education. 

The ability of science teachers to implement 

inquiry-based learning (IBL) is essential for 

strengthening the quality of science education, 

which underscores the need for systematic 

professional development. Critical reflection on 

teaching experiences reveals that, without 

structured training, teachers often remain 

confined to traditional lecture-based methods that 

limit students’ scientific exploration. Collaborative 

professional development programs, including 

workshops and seminars, can introduce diverse 

IBL strategies that foster investigation, open 

discussion, and pedagogical innovation (49). Such 

initiatives not only empower teachers but also 

enrich curricula and create more dynamic learning 

environments. Consequently, restructuring 

professional development around IBL emerges as 

a key pathway to sustaining improvements in 

science education. 
 

Conclusion  
This study provides a comprehensive overview of 

the development of inquiry-based learning (IBL) in 

science education through bibliometric analysis. 

Findings from the period 2019–2024 reveal a 

significant increase in the number of publications, 

reflecting global recognition of IBL’s role in 

fostering 21st-century skills such as critical 

thinking, creativity, and problem-solving. The 

United States occupies a dominant position in 

science education research, particularly in STEM 

fields, while developing regions remain 

underrepresented, highlighting global disparities 

in knowledge production. The main contribution of 

this study lies in mapping the evolution of research 

themes, shifting from traditional approaches such 

as scientific inquiry toward contemporary issues 

including scientific literacy, the nature of science, 

and the integration of digital technologies. This 

transition signals a paradigm shift in science 

education, with gamification, educational games, 

and artificial intelligence emerging as innovations 

that expand the scope and effectiveness of IBL. The 

practical implications of these findings underscore 

the importance of strengthening teacher capacity 

through collaborative professional development 

programs to ensure more contextualized 

implementation of IBL. Nevertheless, this study 

has limitations, particularly regarding 

geographical bias and the dominance of 

publications from certain countries. Future 

research should therefore emphasize technology-

driven pedagogical innovations, expand cross-

national collaboration, and integrate local contexts 

into the design of educational interventions. In 

alignment with global goals such as SDG 4 and the 

holistic STEM/STEAM framework, IBL is 

increasingly positioned as a sustainable strategy to 

enhance the quality of science education 

worldwide, while connecting scientific concepts to 

real-world contexts. 
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