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Abstract – Numerous studies have examined the role 
of Artificial Intelligence (AI) in education. However, 
research focusing on AI implementation in vocational 
education, particularly in teaching and learning 
processes, remains limited. This study maps research 
trends in AI-driven vocational teaching and learning 
through a bibliometric review, addressing: (1) 
Publication growth and geographical distribution, (2) 
Collaborative authorship patterns, (3) Keyword co-
occurrence, and (4) Emerging thematic trends. A 
systematic literature review was conducted using the 
Scopus database, covering publications from 2001 to 
2025. Data were collected on March 5, 2025, and 
analyzed using VOSviewer and Biblioshiny. The 
findings show that research in this area began in 2001 
and grew rapidly, reaching 51 publications by the end 
of 2024. China dominated both publication output and 
citation impact, while Krirk University emerged as the 
most productive institution. Collaboration networks 
were largely driven by researchers from China and 
Malaysia, with key authors such as Zhang Z, Shen T-C, 
Chou C-M, Wang D, Li J, and Wu J playing central 
roles. The most influential keywords included Artificial 
Intelligence, Vocational Education, Student, and 
Teaching. Future research opportunities remain open in 
automation-based learning design, AI-supported 
learning management systems and instructional media, 
and evaluation practices through automated 
assessment, feedback generation, and AI-based test item 
development.  
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These findings highlight AI’s strategic role as 
adaptive pedagogical support in fostering student-
centered and self-regulated learning in vocational 
education, while AI-driven automation may also reduce 
teachers’ workload. Future studies are encouraged to 
adopt mixed-method and cross-country approaches to 
advance AI integration in vocational contexts. 

Keywords - Artificial Intelligence, teaching, learning, 
vocational education, bibliometric. 

1. Introduction

The development of Artificial Intelligence (AI) 
over the past few years has had an impact on human 
life, including in the field of education [1], [2]. 
However, the emergence of AI, especially in terms of 
its use in the education sector, still raises many debates 
about whether this is an opportunity that can be 
utilized or a threat to schools and teachers [3], [4]. AI 
can provide various tools and resources that can 
accelerate teaching improvement while offering 
training programs tailored to individual needs and 
interactive learning  [5], [6], [7]. On the other hand, 
[8] revealed that if humans always rely on AI without 
any control, AI algorithms will lead to conversations 
without being based on facts or lying. According to [9] 
utilize AI in higher education must consider 
challenges, risks, and ethical approaches. Therefore, 
as AI’s popularity increases rapidly, it becomes clear 
that choosing how to use AI is an urgent matter in the 
education sector. 

The emergence and development of AI with 
human-like capabilities have generated worldwide 
controversy [9], [10]. Emphasized by [11] AI 
potentially blurring the boundaries between human 
and machine creations. The AI market in education is 
predicted to reach US Dollar (USD) 20 billion by 
2027, with annual growth of around 40% [12]. 
Therefore, research on AI implementation, especially 
in education, is vital for theoretical studies related to 
innovation in education [13]. Educause data shows 
that 70% of higher education institutions worldwide 
have adopted AI technologies like chatbots, learning 
analytics, and virtual assistants [14].  
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Although the use of AI has become widespread 
rapidly in higher education, the education sector is not 
limited to higher education, but there are other sectors 
such as primary, secondary, and inclusive education. 

Vocational education has unique characteristics 
that focus on developing operational and practical 
skills [15]. Learning in vocational education demands 
continuous improvement with skill standards 
following industry demands [16]. It is affirmed by 
[17], [18] that the characteristics of vocational 
students make it easier to obtain knowledge through 
practical activities that follow the competencies 
required by the industry, in addition to contributing to 
advanced technological innovation [19]. Moreover, 
vocational education is a solution to the traditional 
education approach that is closely tied to experience 
and focuses on job skills to reduce unemployment 
[20], [21], [22]. 

The emergence of AI in the perspective of 
vocational education, which focuses more on practical 
learning, still poses significant challenges in the future 
[23]. Previous research in the vocational field requires 
further research to see various perspectives [24]. With 
the limited development of AI technology, especially 
in vocational education, it will be difficult for teachers 
to maximize its potential [23], [24]. Empirical 
evidence shows that only 10% of teachers completed 
experiments using AI in the learning process in their 
study [25]. Whereas the potential of AI in vocational 
education is enormous, ranging from improving the 
quality of learning, improving learning efficiency, 
expend the coverage of vocational education, 
facilitating adaptive learning, predicting student 
profiles, conducting automatic assessments [26], [27], 
[28], [29].  

For this reason, research on the integration of AI in 
the learning process in vocational education is 
important because the future educational landscape of 
collaboration between humans and AI is a perfect 
combination to provide a significant impact on the 
learning process [30]. Moreover, AI does not require 
high knowledge and skills [31], [32]. The literature 
highlights the importance of large-scale and 
continuous AI research to provide proper technical 
guidance in future learning and school management 
processes [33]. Furthermore, AI will be important in 
revolutionizing vocational learning [34]. 

AI plays a significant role in learning management, 
such as analyzing learning outcomes and student data, 
assisting with school decision-making, employee 
career management, and providing learning needs that 
match students’ interests and ambitions for future 
careers [13], [33], [35].  

Therefore, the utilization of AI shows great 
potential and opportunity for the future in the 
education and vocational sectors, which requires more 
research to ensure its successful implementation and 
future impact [36], [37]. 

The development of studies exploring the 
prospective utilization of AI, especially in vocational 
education, continues to grow [38], [39]. On the other 
hand, a study asserted that using AI will bring 
opportunities to improve teaching and learning 
efficiency [26], [40]. Teaching and learning are 
important in education because they can impact 
education quality [41]. Furthermore, teaching and 
learning has a crucial role in determining educational 
outcomes compared to the work of teachers [42]. 
Teaching and learning process plays a pivotal role in 
shaping the educational activities [43]. This activity 
highlights the critical role that teaching and learning 
play in enabling students to reach their full potential 
and achieve educational success. With the importance 
of the teaching and learning process to achieve 
educational success in Artificial Intelligence, a 
comprehensive approach is needed to get maximum 
results. 

Many previous researchers have conducted 
literature reviews on the use of AI in the field of 
education, including [5], [44], [45], who concluded 
from the results of their study that AI allows 
improving the quality of learning through 
personalizing curriculum and content according to 
student needs and can help reduce the administrative 
burden of instructors. For example, autocorrecting, 
creating learning media, and recording student 
attendance. While study by  [46] through a literature 
review specifically on the use of AI in the classroom, 
concluded that it is helpful as a technology that helps 
monitor students ranging from attendance, behavior, 
and how they are engaged in class. On the other hand, 
[27], [47], [48] review more than just explaining that 
AI can be used for adaptive learning, personalized 
teaching, intelligent research, predicting student 
profiles, automatic assessment, creating questions and 
assisting teachers’ administrative activities. This 
indicates that previous studies have widely described 
how AI contributes and has the potential to be used in 
the learning process. 

The bibliometric study that has been conducted 
shows that keywords in AI research related to 
education, AI, analysis, ChatGPT, medical education, 
surgical education insights and equipment are topics 
that have almost reached saturation point. This shows 
that research needs to be conducted with other 
keywords to produce uniqueness and usefulness for 
the roadmap of AI research in the future. Therefore, 
research that reviews how to utilize AI in the teaching 
and learning process is still very relevant to be carried 
out. 
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There are very limited reviews of AI in teaching 
and learning. For example, [47] focus on the 
utilization of AI based on generative AI in the learning 
process, including being useful for helping to score 
student assignments automatically; generative AI can 
create learning that suits students, AI can support 
educators to conduct research, create syllabi, exam 
questions, and other administrative matters, finally 
generative AI can be used as a reliable translator. A 
study by [49] examining the use of AI in language 
learning found that AI can improve speaking and 
writing skills through practice by using personalized 
AI applications with advanced features such as speech 
recognition, automatic speech analysis, and voice 
assistance. Furthermore, studied by [50] that the 
utilization of AI in learning in higher education and 
found that the use of AI can improve the quality of 
learning. The quality improvement is because AI 
offers high accuracy in the reviewer or grading 
process, high performance and tirelessness (work 24 
hours), and low cost. After all, it can be used in real-
time and with a lower error rate in predicting 
something in most of the reviewed AI topics for 
learning in higher education, for instead [9], [30], [50]. 
The utilization of natural AI in education is limited to 
higher education, general education, or even 
vocational education [51], [52]. 

Previous bibliometric studies have only focused on 
exploring the various roles of AI in education but have 
not explored its role in teaching and learning in 
vocational education. Meanwhile, bibliometric studies 
that discuss the role of AI in vocational education are 
still limited and not widely available in the reprinted 
journal database Such as, research by [38] present a 
review of articles on AI in vocational education from 
2018 to 2023 which focus on discussing the role of AI 
in vocational education in general so that it does not 
explore more in the learning process and is not 
indexed in a reputable journal database. On the other 
hand, a systematic review by [53] mentioned that the 
development of AI, especially in vocational Education 
in Taiwan, is more about research development. The 
study does not directly discuss AI but digital learning 
from 1980 to 2020. Meanwhile, other articles are not 
bibliometric but research articles; for example, [54] 
highlighted the benefits of using AI in vocational 
education in Malaysia. Others study by [55], [56]., for 
example, contains thoughts on AI from a policy 
perspective and practical application in Vocational 
Education and Training (VET), which concludes that 
the use of AI can change the role of teachers and 
instructors in the learning process through adaptive 
learning, virtual simulations, intelligent tutor systems, 
and virtual simulation games.  

 
 

The research by [57] emphasized that the role of AI 
in professional training places AI as a learning tool 
that plays a role in automated training.  

As mentioned above, previous studies have 
investigated the role of AI in education and vocational 
education. However, despite these reviews, a 
comprehensive mapping of the use of AI in education 
and learning in the vocational field is lacking. 
Therefore, the current study aims to conduct a 
comprehensive bibliometric examination of 
publications on prospective AI applications in 
teaching and learning in vocational education 
published from 2000 to 2025 in the Scopus database. 
The research questions were then formulated as a 
guide in achieving these objectives into the following 
4 points: 

 

1. What is the distribution pattern of relevant 
publications on AI in teaching and learning in 
vocational education across different years and 
countries? 

2. What patterns emerge from examining 
collaborative authorship across countries, 
institutions, and authors? 

3. How are relevant keywords distributed, and what 
patterns emerge in their trends over time? 

4. What are the trends of relevant research on AI, 
especially in its implementation in teaching and 
learning in vocational education? 
 

2. Methodology  
 
This research employs two analytical methods: 

evaluating the Scopus database and analyzing it with 
the VOSviewer tool. Bibliometric analysis has 
emerged as a primary tool that aids researchers in 
identifying and understanding research networks 
based on citations, keywords, and authors [58]. This 
study utilizes mainstream bibliometric tools such as 
BiblioShiny, CiteSpace, and VOSviewer, each 
offering unique functionalities. BiblioShiny acts as the 
interface for the ‘Bibliometrix’ package in R, 
facilitating rapid data extraction and initial analysis. It 
also serves to examine publications for author details 
and citation matrices [55], [56]. Additionally, 
VOSviewer is employed for generating bibliometric 
network visualizations [59] revealing co-authorship, 
co-citation, and emerging keyword networks that 
depict the graphical relationships across the research 
field [59]. The study is solely based on a literature 
review using the Scopus database, a leading journal 
repository providing scholarly and scientific 
information [60]. The study will further analyze these 
documents to address RQ1, RQ2, RQ3, and RQ4. 
Below is the PRISMA flowchart used to address the 
research questions (Figure 1).  
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Figure 1. PRISMA flow diagram 
 

Source: Authors’ collaboration based on Scopus database 
 

Following the PRISMA procedure shown in Figure 
1, an initial search of the Scopus database retrieved 
481 records based on keywords such as Artificial 
Intelligence, AI in teaching and learning, and 
vocational or technical education.  

A filtering process was then conducted to include 
only journal articles published in English. Document 
types such as conference papers, conference reviews, 
editorials, books, retracted documents, and 
publications in other languages were excluded (n = 
378). After this screening process, a total of 103 
articles were retained for the bibliometric analysis. 
These selected articles were subsequently analyzed 
using Biblioshiny, CiteSpace, and VOSviewer.  

 

3. Results 
 

What is the distribution pattern of relevant 
publications on AI in teaching and learning in 
vocational education across different years and 
countries?  

 

To see the trend of research on AI in the field of 
learning in vocational education, researchers have 
mapped documents with relevant keywords on the 
Scopus database. Analysis of publications on the 
Scopus database to answer how the development trend 
of research on AI in learning in vocational education.  

The results of this analysis are presented in several 
aspects, namely the number of documents by year, the 
number of documents by territory, the number of 
citations, and the collaboration network between 
authors. 

Statistic document by year: The author has 
analyzed document publications in the Scopus 
database to see the development trend of research on 
the utilization of AI in learning in the vocational 
education field. In this first stage, the author wants to 
see how the condition of the document publication 
trends from year to year. The data is then presented in 
Figure 2. 
 

 
 

Figure 2. The distribution of the bibliographic records per year (2001-2025) 

Figure 2 shows that the development of AI research 
in learning in vocational education started in 2001. 
The first research study, which was conducted by  
[61], with titled L3-Toward an Open Learning 
Environment.  

The development of articles discussing the topic 
experienced ups and downs between 2014-2020. Then 
the trend strengthened starting from 2021 with 5 
articles from several authors, namely [62], [63], [64], 
[65], [66].  
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The growth rapidly almost tripled in 2022 with 24 
articles. These findings suggest that the use of smart 
technology in learning has begun to attract significant 
research interest. However, in 2023, the number of 
articles decreased by 54.16%, to only 11 articles. 
Nevertheless, it rebounded to its highest point in 2024 
with 51 articles. The count of articles continues in 
2025.  

 

What patterns emerge from examining 
collaborative authorship across countries, 
institutions, and authors? 

 

Secondly, in addition to the trend based on the 
number of publications in the Scopus database, it will 
be presented how the trend of AI research in learning 
in the field of vocational education is based on 
territory, including countries and universities. This is 
relevant to reveal how the correlation between 
research productivity and the intellectual development 
of a country [67]. With its broad impact, research 
output can affect the economy and progress of a 
country. In line with this, the quality of research can 
be an indicator of a country's progress and is closely 
related to economic growth and technological 
development in the future [68]. In the AI publications 
by country, it was found that 54 countries published 
publications on AI in education and teaching in 
vocational education. The data of documents 
published by the country is used to see the mapping of 
collaboration between country research and the trend 
in which country this AI research is leading. The 
country-level publication data provide an overview of 
which countries contribute most actively to this 
research field, as reflected in document counts and 
average citation impact (Table 1). 

 
Table 1. Document distribution by country and average 
citation 
 

Rank Country Documents Total 
Citation 

Average 
Article 

Citation 
1 China 65 168 3.10 
2 Indonesia 9 16 5.30 
3 Malaysia 8 2 0.40 
4 USA 8 0 0 
5 Germany 6 11 2.80 
6 Thailand 7 14 2.80 
7 Australia 5 6 1,70 
8 Taiwan 5 0 0 

9 United 
Kingdom 4 28 14.00 

10 South 
Korea 3 20 20 

11 Philippines 3 20 6.70 
12 France 3 7 7.00 

 
Table 1 shows that the productivity of research on 

the utilization of AI in learning in vocational 
education is dominated by China, with 65 publications 
and 168 citations in the Scopus database.  

These findings strengthen studies [69], [70] that 
highlight that China has ambitions to become a leader 
in AI research by 2030. While other countries have 
publications < 20 articles. However, the most 
significant average impact of citations is actually in 
United Kingdom, with a total of only four documents 
able to produce 28 citations, with an average of 14 per 
article. 

Universities have a vital role in the development of 
science by providing quality research [68], [71]. 
Through quality research, universities can benefit 
from increased status, become more competitive, and 
encourage greater innovation [72]. With the 
importance of research productivity in AI in learning 
in vocational education, the researcher presents the 
data in Table 2. 
 
Table 2. Top 15 ranked institutions in terms of productivity 
of research by affiliation 
 

Rank Affiliation Country Document 
1 Krirk University Thailand 3 

2 Xinyang Vocational and 
Technical College China 2 

3 Universiti Sains Malaysia Malaysia 2 

4 
National Yunlin 

University of Science 
and Technology 

China 2 

5 University of Kentucky United 
States 2 

6 Università degli Studi di 
Palermo Italy 2 

7 Beijing Normal 
University China 2 

8 University of Nigeria Nigeria 2 

9 Zhejiang University of 
Technology China 2 

10 Universidad 
Complutense de Madrid Spain 2 

11 Ludwig-Maximilians-
Universität München Germany 2 

12 
University of 

Management and 
Technology Lahore 

Pakistan 2 

13 Universiti Tun Hussein 
Onn Malaysia Malaysia 2 

14 Universitas Negeri 
Padang Indonesia 2 

15 Lishui Vocational and 
Technical College China 1 

 
Table 2 indicates that among the top 10 affiliations 

publishing articles related to these keywords, 35% (9 
documents) came from universities in China. Thailand 
also has a productive university, contributing a total of 
4 documents, or 13.33%. Meanwhile, the University 
of Kentucky (USA), Università degli Studi di Palermo 
(Italy), University of Nigeria (Nigeria), Universidad 
Complutense de Madrid (Spain), Ludwig-
Maximilians-Universität München (Germany), 
University of Management and Technology Lahore 
(Pakistan), and Universitas Negeri Padang 
(Indonesia), each have 2 documents per university.  



TEM Journal. Volume 15, Issue 2, pages 1665-1680, ISSN 2217-8309, DOI: 10.18421/TEM152-60, May 2026. 
 

1670                                                                                                                           TEM Journal – Volume 15 / Number 2 / 2026. 

This result aligns with the findings of the previous 
section, which state that China is ambitious to become 
a leader in AI research. 
 
3.1.  The Impact of Leading Journals 
 

To further see the impact of publications on AI 
utilization in education and teaching in vocational 
education, researchers have analyzed the impact of 
journals. Table 3 contains several indicators of journal 
impact, especially the h-indeks, g-indeks, and number 
of citations. It is important to see how much the impact 
of journals that are relevant to the topic that the author 
has determined. H-indeks is one of the important and 
straightforward indicators to measure the impact of a 
paper based on the high or low citations obtained [73].  

 
Table 3. Top-ranked journals by H-index, G-index, and 
citation impact in relevant topics 
 

Rank Source h_i g_i m_i TC NP PY 

1 
Mobile 
Information 
Systems 

3 4 0.6 17 5 2021 

2 Advances in 
Multimedia 2 2 0.5 12 2 2022 

3 

Applied 
Mathematics 
and 
Nonlinear 
Sciences 

2 2 1 9 17 2024 

4 Frontiers in 
Psychology 2 3 0.5 21 3 2022 

5 

Journal of 
Intelligent 
and Fuzzy 
Systems 

2 3 0.4 22 3 2021 

6 

Research and 
Practice in 
Technology 
Enhanced 
Learning 

2 2 0.67 9 2 2023 

7 

Wireless 
Communicati
ons and 
Mobile 
Computing 

2 2 0.5 17 2 2022 

8 

ACM Journal 
on 
Educational 
Resources in 
Computing 

1 1 0.04 26 1 2001 

9 
Agro Food 
Industry Hi-
Tech 

1 1 0.11 2 1 2017 

10 
Applied 
Sciences 
(Switzerland) 

1 1 0.33 25 1 2023 

 
Table 3 indicates that the majority of publications 

are in the Applied Mathematics and Nonlinear 
Sciences journal, with a total of 17 documents; 
however, its impact remains low with an h-index of 2.  

 

On the other hand, the Mobile Information 
Systems (MIS) demonstrates the highest impact with 
an h-index of 3, despite having only five articles.  

Meanwhile, ACM Journal on Educational 
Resources in Computing and Applied Sciences 
(Switzerland) have the highest total citations of 26 and 
25, respectively, marking them as the journals with the 
highest citations. The h-index is a valid indicator for 
seeing research performance at a certain level (micro 
and meso). It was affirmed by [74] that the h-index 
provides a rough measure of the quality of one’s 
writing, especially in Scopus-indexed publications. 

The third stage is to see how articles that have been 
published on the Scopus database have the most 
impact. Articles with the most citations will be able to 
influence; citations also indicate that the paper has an 
academic impact [73], [75]. In addition, [73] 
emphasized that 7 indicators can be used to measure 
the impact or quality of papers, including (1) 
Complement of h-index, (2) Based on total number of 
authors, (3) Based on publication age, (4) 
Combination of two indices, (5) Based on excess 
citation count, (6) Based on total publication count 
and (7) Based on other variants. In Table 4, the author 
presents data on the utilization of AI in learning in 
vocational education, which has the most impact when 
viewed from the impact of articles, especially h-index, 
g-index, and the number of citations seen from the 
author. 

 
Table 4. Top-ranked authors by H-index, G-index, and 
citation impact in relevant topics 
 

Rank Source h_i g_i m_i TC NP PY 
1 Kumar 1 1 0.333 25 1 2023 

2 Balaram 1 1 0.333 25 1 2023 

3 Fokkema 
M 1 1 0.25 23 1 2022 

4 Greiff S 1 1 0.25 23 1 2022 

5 Jiang B 2 2 0.5 19 2 2022 

6 Gao X 1 1 0.2 18 1 2021 

7 Shen T-C 3 4 1 18 4 2023 

8 Chen C-H 1 1 0.333 15 1 2023 

9 Chen B 1 2 0.25 14 2 2022 

10 Ma X 2 2 0.5 13 2 2022 
 

Table 4 shows that Shen T-C (China) is the author 
with the highest impact with h-index 4, a total 
publication of 4 articles with 18 citations from 2023. 
Conversely, Kumar and Balaram, who began 
publishing in 2023, have achieved the highest total 
citation count of 23, despite an h-index of 1. However, 
articles by [64], despite being published early in 2022, 
have received the fewest citations. 
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3.2. Collaboration Network Between Authors 
 

Researchers have created a network of co-
authorship relationships to obtain comprehensive data 
on the relationship between authors and co-authors in 
collaborative research on the utilization of AI in 
vocational education learning. 

 

 
 
 
 
 
 

 

 
Figure 3. Collaboration network visualization 

 
Figure 3 provides information about the 

collaboration network between authors who write 
about utilizing AI in vocational education learning. 
Figure 3 illustrates a network visualization of 
researcher collaborations based on co-authorship data 
extracted from bibliometric records. The network 
shows that there are 5 clusters in the author 
collaboration network, namely the brown, red, blue, 
green, and gray clusters. Some authors who are central 
in these clusters include Zhang Z, Shen T-C, Chou C-
M, Wang D, Li J, and Wu J, while other authors have 
low cluster density such as Hassan RH, Hassan MT, 
Zhang Y, Chen X, Lao, and Petridou. Those authors 
are the center of author collaboration that has a vital 
role in research on AI in the learning process in 
vocational education. Researchers who have a 
network are primarily from China. Complete data on 
author collaboration networks between countries can 
be seen in Table 5. 

Table 5 shows data that China is the center of 
research collaboration in the field of AI utilization in 
education and learning in vocational education, with 
the number of collaborations with 8 countries, 
followed by Germany with 5 countries. In addition, 
there is a network of collaboration that most often 
occurs, namely China, Malaysia, Thailand, and 
Indonesia, with a frequency of 2 times. With 18 
countries collaborating in conducting research, there 
has not been maximum collaboration between 
countries. There are still opportunities for 
collaborative research in utilizing AI in Education and 
learning in vocational education in the future. 

 
Table 5. Global researcher collaboration network by 
country 
 

From To Frequency 
China Malaysia 2 
China Thailand 2 

Indonesia Malaysia 2 
China Australia 1 
China Hong Kong 1 
China Korea 1 
China Pakistan 1 
China Switzerland 1 
China USA 1 

Germany Australia 1 
Germany Austria 1 
Germany Luxembourg 1 
Germany Netherlands 1 
Germany Czech Republic 1 

India Netherlands 1 
Luxembourg Nigeria 1 

Malaysia United Kingdom 1 
Malaysia Hong Kong 1 
Nigeria United Kingdom 1 
Nigeria Korea 1 
Pakistan Saudi Arabia 1 
Pakistan Luxembourg 1 
Romania Netherlands 1 
Romania Czech Republic 1 

United Kingdom India 1 
United Kingdom Czech Republic 1 

 
How are relevant keywords distributed, and what 

patterns emerge in their trends over time? 
 

The analysis results using VOSviewer indicate that 
there are 80 relevant keywords. Table 6 presents the 
top 10 keywords with the strongest network strength.  
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Table 6. Keyword based on frequency and link strength 
 

Ra
nk Keywords Occurr

ence % Link 
Strength % 

1 Vocational 
Education 43 10,0

% 252 9,48
% 

2 Student 35 8,1
% 216 8,13

% 

3 Artificial 
Intelligence 50 11,6

% 211 7,94
% 

4 Teaching 24 5,6
% 168 6,32

% 

5 Learning 
Systems 17 3,9

% 101 3,80
% 

6 Education 
Computing 14 3,3

% 87 3,27
% 

7 E-Learning 14 3,3
% 86 3,24

% 

8 Curriculum 11 2,6
% 78 2,94

% 

9 Higher 
Education 9 2,1

% 62 2,33
% 

10 Deep 
Learning 8 1,9

% 56 2,11
% 

Table 6 shows that the keywords strongly related 
are Vocational Education, Student, Artificial 
Intelligence, Teaching and Learning System, with a 
link strength of > 100. Then, the most frequently used 
keywords are Vocational Education (43), student (35), 
and Artificial Intelligence (50), with a significant 
percentage of occurrence, namely 10%, 8.14%, and 
11.63%, respectively. This finding indicates that these 
keywords often appear together and have a strong 
relationship with one another [76].   

Furthermore, the analysis shows that these 
keywords form a total link strength of 1,235, 
representing the network connections among nodes 
(Figure 4). The nodes’ size shows the number of 
occurrences in recent studies [77].  
 
 

 

 
 

Figure 4. Theme network of publications 
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Further analysis related to the research themes is 
presented in Figure 4 using keywords from 
VOSviewer. The analysis results from VOSviewer 
then divide the key into 8 clusters, each of which has 
a different color, namely Cluster 1 (red), cluster 2 
(green), Cluster 3 (Blue), Cluster 4 (Yellow), Cluster 
5 (Purple), Cluster 6 (Light Blue), Cluster 7 (Orange) 
and Cluster 8 (Brown). Clustering is one of the 
techniques used based on recent developments or 
research in network science and bibliometrics [78], 
[79]. 

Cluster 1 focuses on strong keywords such as 
teaching (168), Education (52), Human (51), Neural 
Networks (34), and Content Analysis (20). This 
finding indicates that research topics in cluster 1 are 
more focused on research with themes related to 
Teaching and Learning Technology in High School 
Education. This topic is important in the development 
of technology utilization in learning, supported by 
several other keywords such as Learning (18), 
Teaching Method (17), Computer Network (16), 
Computer (15), High School Education (13), and 
Learning Management System (8). The utilization of 
AI as a technology in education and teaching in high 
school education is confirmed by [80], [81] can be 
used to support competency through personalized 
learning, increase student motivation and creativity, 
help teachers automate work, and help improve the 
quality of learning.  

Then, the next focus on cluster 2 (green) is more 
focused on the theme of Personalized and Adaptive 
Learning Technologies in Online Learning. The 
strong keywords in this Cluster that relate to the 
research theme include e-learning (86), Curriculum 
(78), Personalized Learning (47), and Teaching Model 
(41). Most of the research themes in cluster 2 may 
encourage learning types/pathways/models that 
accommodate students’ needs can be seen from other 
supporting keywords such as Machine Learning (40), 
Learning Platform (26), Learning Path (16), Smart 
Classroom (19), and Online Learning (16). 
Personalized and adaptive learning is one of the 
advantages of learning using AI. Several studies were 
conducted on this theme, including by [28], [61], [82] 
that the use of AI can modify learning with 
personalization and adaptive learning in online 
learning. AI can recommend adjusting materials and 
methods according to student needs so that the 
learning experience students get will suit their needs. 
In the end, learning will be more targeted because it 
accommodates differences and is tailored to the needs 
of each student [83], [84]. 

The next Cluster is Cluster 3 (blue), with the 
Quality and Deep Learning theme in the educational 
system can be seen from several strong keywords such 
as Deep Learning (56), Teacher (40), Quality Control 
(32), Teaching Quality (18), Quality Assessment (17) 
and Educational System (17).  

Several studies examining the theme emphasize 
that AI contributes to the quality of learning through 
deep learning. For example, [85] revealed that quality 
improvement using AI can be achieved because AI 
can optimize the learning methods used by teachers 
through the adoption of diverse teaching models and 
then improve the quality of teachers through the 
provision of quality and appropriate training through 
AI, and the provision of quality courses according to 
the ability of students. Meanwhile, how AI can 
provide deep learning was studied by [86] who 
described the role of AI in deep learning as integrating 
learning through AI in the curriculum, then all the 
projects they will work on are related to Artificial 
Intelligence of Things (AloT). That way, they can 
apply the knowledge they have to real-world 
scenarios. The courses that have been integrated with 
the curriculum must follow the needs of the industrial 
world. Students consciously and voluntarily develop 
their knowledge and skills further through the use of 
AI. 

Next is cluster 4 (yellow) with several keywords: 
Student (216), English Teaching and Learning (49), 
Teaching Reform (37), Internet Technology (22), 
Instructional Design (15), Embedded System (15) and 
Multimedia System (15). These keywords illustrate 
the theme of Technology Integration in Student-
Centered Education. It is emphasized by [91] that AI 
can play an important role in student-centered learning 
by encouraging students to be in control of their 
learning; with AI integration, they can quickly seek 
knowledge, solve problems, and explore what they 
want. Cluster 5 (Purple) shows several keywords: 
Learning System (101), Big Data (34), Natural 
Language Processing System (21), Computer Aided 
Instruction (19), and Data Handling (17). These 
keywords then form a research theme related to Data-
Driven Learning Systems with Technological 
Integration. The study by [86] found that AI can helps 
students learn to analyze big data through learning 
systems. Researchers can integrate different types of 
learning to help students; besides that, AI can help 
students feel comfortable and increase student 
confidence by providing big data. 

What is remarkable is cluster 6 (light blue), which 
is more focused on discussing the main research theme 
of Artificial Intelligence and Vocational Education 
with several keywords, namely Vocational Education 
(252), Artificial Intelligence (211), Knowledge 
Mapping (15), Digital Storage (15), performance (13), 
Multi-Gradient Long-Short Term Memory (8), 
Motivation (8), Chinese Traditional Culture Teaching 
(CTCT) (8) and English Foreign Language (5). In 
research with this theme, the main focus is the use of 
AI in vocational education. With the main goal of 
improving student and teacher performance through 
the use of AI, several studies that focus on this theme 
include [87], which revealed that AI is able to improve 
students’ problem-solving performance.  
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Meanwhile, another findings by [88] revealed that 
the effectiveness of learning with AI in vocational 
education is very high in English as a Foreign 
Language learning. AI is able to provide quality 
learning resources such as language identification, 
automatic translation, and intelligent tutors. In 
addition, through AI chatbots, students can learn 
independently at their own pace. Moreover, study by 
[89] show empirical evidence that AI can make it 
easier for teachers to analyze learning difficulties, 
identify learning patterns, and adjust teaching styles to 
their needs. Therefore, the use of AI is not only able 
to achieve good student performance but also helps 
teachers improve the quality of learning. 

While other clusters have relatively low keywords 
compared to others, for example, Cluster 7 (Orange) 
focuses on the research theme of Computing and Skills 
in Higher Education with several keywords, namely 
Education Computing (87), Higher Education (62), 
Professional Abilities (11) and Entrepreneurship 
Education (10). Research on the use of computing 
technology and skill enhancement in higher education 
has been reviewed by [90], [91] that learning in higher 
education integrated with AI, Virtual Reality, and 
human and computer interaction can improve student 
skills. Furthermore, the use of AI-based artificial 
requirements can optimize learning systems and 
entrepreneurial practices. In the end, there is an 
increase in the entrepreneurial skills of students in 
higher education. Lastly, Cluster 8 (Brown), with 
several keywords, Employment (20) and Information 
Management (10), supports the research theme of 
Information Management. The utilization of AI in 
decision-making is explained by [92], who states that 
AI can provide several analytical results that 
strengthen and convince management to make 
decisions. Eventually, the utilization of AI by 
educators can make the right decisions because of the 
availability of various decision recommendations 
relevant and fast problem-solving [93]. 

The keywords that make up the network are also 
visualized in a word cloud to highlight the most 
prominent terms that shape research patterns on AI in 
vocational education, particularly in teaching and 
learning (Figure 5). These keywords are used to 
observe the trends in patterns formed by frequently 
appearing keywords in articles related to AI and 
vocational education in teaching and learning. 

 

 
 

Figure 5. Word cloud of keywords 

The keyword pattern in the word cloud (Figure 5) 
shows a strong indication that Artificial Intelligence, 
Vocational Education, Student, and Teaching form the 
foundation of research on AI in vocational education 
within teaching and learning contexts. Meanwhile, 
technical terms such as education computing, learning 
systems, e-learning, and deep learning provide a 
positive signal that AI-based learning in vocational 
education is implemented through various approaches. 

 

What is the trend of relevant research on AI, 
especially in its implementation in teaching and 
learning in vocational education? 

 

Theoretical implications: Based on the study of the 
utilization of AI in teaching and learning in vocational 
education, future research should consider a more 
comprehensive study on the use of AI in education and 
teaching. The utilization of AI technology in the 
learning process is one of the concepts known as 
technological pedagogical content knowledge 
(TPACK), developed by [94]. The TPACK concept 
emphasizes the dynamic relationship and interaction 
between teacher content, pedagogical knowledge, and 
technology to effectively meet learners' needs in the 
teaching context. AI must facilitate these activities, 
starting from the learning design stage, 
implementation, and evaluation. Therefore, the 
integration of advanced technology into the learning 
environment through the adoption of AI should 
facilitate educators in planning learning through to 
assessment activities [95], [96]. Therefore, the role of 
AI in vocational education must be emphasized in 
these three activities: learning design, 
implementation, and evaluation. In the studies that 
have been conducted (Figure 4 and Figure 5), the 
utilization of AI in teaching and learning in vocational 
education is still limited. For example, [97] 
emphasized using AI in the design of Flipped 
Classroom Teaching to help prepare learning content, 
including audiovisual media. Furthermore, another 
study conducted by [98] that AI can help design 
learning by providing an ideal learning environment 
for learning English, providing quality learning 
resources, and providing learning designs that match 
the characteristics of students in vocational education. 

To further examine how AI is utilized in learning 
activities, researchers have reviewed some of the 
keywords used and grouped them based on learning 
activities (Table 7). 
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Table 7. Keyword categories by teaching and learning 
stages 
 

Teaching and 
Learning Activity Keywords 

Learning 
Design/Instructional 

Design 

Personalized Learning (47) 
Teaching Model (41) 
Content Analysis (20) 
Teaching Method (17) 

Learning Path (16) 
Instructional Design (15) 

Learning 
Implementation 

e-learning (86) 
Learning platform (26) 

Internet Technology (22) 
Simulation (20) 
Computer Aided 
Instruction (19) 

Online learning (16) 
Multimedia System (15) 
Learning Management 

System (8) 

Learning Evaluation 
Quality Control (32) 

Teaching Quality (18) 
Quality Assessment (17) 

 
Most activities in instructional design relate to 

personalized learning, followed by teaching 
models/methods and learning pathways. Meanwhile, 
the focus on instructional/course design is still limited. 
On the other hand, in the learning design process, 
evaluation design is a crucial factor to consider [99]. 
Furthermore, the planning must include various 
technology-based tools that will be used in the 
learning process. This is to ensure the provision of 
quality learning resources [100]. Therefore, AI has the 
potential to become a reliable pedagogical partner for 
teachers, enabling them to create lesson plans/syllabi 
quickly and accurately [101], [102], [103]. The long-
term combination of teachers and AI will improve 
time efficiency and quality in the lesson planning 
process and can reduce repetitive administrative 
burdens [31]. With the support of AI, teachers can 
focus more on delivering high-quality learning 
aligned with the demands of VET, which require 
advanced knowledge, skills, and competencies [104], 
[105]. AI, as a long-term pedagogical partner for 
teachers, contributes to improving the quality of 
vocational education. 

It is seen in the main learning activities that the use 
of AI in vocational education is mostly implemented 
through e-learning or online learning using internet 
technology. A study by [106] combines LMS and AI 
in blended learning, focusing on AI to provide 
instruction, navigation, and formative evaluation for 
students; however, the two systems are not fully 
integrated. The use of AI in teaching and learning in 
vocational high schools is mainly done online, but AI 
is still limited in its function as a learning tool. The 
development of AI-based media was carried out by 
[107], who developed a Learning Management 
System integrated with AI as a learning medium for 
Photoshop instruction and Cryptographic Data 
Encryption Standards.  

In addition, [108] developed learning media using 
Fuzzy Logic Simulation specifically for artificial 
intelligence classes. Limited research on the 
development of AI as a learning medium or resource 
creates significant opportunities; therefore, more 
evidence is needed to determine whether AI exists as 
a powerful tool in the learning process  [109]. In 
addition, ethical issues can also be a barrier to the full 
integration of AI in vocational education and teaching. 

In the final learning cycle, the learning process 
must ensure that students achieve their learning 
objectives. This can be accomplished by educators 
through evaluation processes, including formative and 
summative assessments. Thus, AI can automatically 
assess students according to their abilities. For 
example, [110] mentioned that AI could generate 
automatic tests for medical students’ test performance 
in fulfilling standardized surgery. In addition, the 
ability of AI that has been adjusted can provide valid 
and reliable items; this is confirmed by [111] that 20 
out of 21 questions created through ChatGPT AI are 
valid, with Cronbach’s alpha coefficient determined to 
be 0.65 (reasonably reliable) for the twenty valid 
questions. With AI, it is easier for teachers to provide 
automated feedback to improve and refine students’ 
knowledge and skills [6], [44] With the limited 
research on AI in teaching and learning in vocational 
education, the researcher provides recommendations 
for future research themes that still need to be 
developed, which are presented in Table 8.  

 
Table 8. Future research theme for AI in teaching and 
learning in vocational education 
 

Aspect Theme 
Learning 

Design/Instructional 
Design 

Automation Syllabus 
Learning Resources 

Learning Content/Material 

Learning 
Implementation 

Learning Management System 
Learning Media/Instructional 

Media 

Learning Evaluation 
Automation Assessment 

Automation Review/Feedback 
Generate Question Item 

 
It is hoped that with the in-depth study, this 

research can provide a clear picture for future 
researchers to be able to research themes that are still 
rarely done. This research ensures that the utilization 
of AI does not only focus on a few saturated themes 
but can spread, considering that research in the field 
of AI is one of the research projects that researchers 
worldwide are favoring. 
 
4. Discussion 

 
This study offers important theoretical and 

practical implications by integrating findings across 
publication patterns (RQ1), leading contributors 
(RQ2), thematic clusters (RQ3), and future research 
opportunities (RQ4).  
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From a bibliometric perspective, the results 
indicate that the use of AI in vocational learning, 
particularly in teaching and learning, goes beyond the 
role of technology as merely a passive supporting tool 
[112]. AI-enabled systems have transformed into 
autonomous technologies that actively serve as 
pedagogical partners for teachers within the learning 
cycle, where AI can support automation in planning 
processes, the provision of materials and learning 
resources tailored to students’ characteristics, and 
automated evaluation, including question item 
generation, automated scoring, and automated 
feedback. This reinforces that AI has contributed 
broadly to the learning process, not only by providing 
content but also by autonomously delivering content 
adapted to students’ needs. Furthermore, the 
increasing autonomy of AI technology is expected to 
strengthen the concept of Self-Regulated Learning 
(SRL) [113],   supported by technological assistance 
in facilitating learning through personalization [114]. 
Thus, AI integration may encourage a shift toward 
more learner-centered approaches in vocational 
education. 

This study also offers practical solutions for 
vocational teachers, particularly in developing 
countries where workloads remain high [115], [116], 
[117]. The use of technology, especially in learning 
preparation through automated syllabi, automated 
question development, automated feedback, and 
content provision, can reduce teachers’ administrative 
burdens [6], [32], [118]. These practical contributions 
are expected to have a significant impact on improving 
educational quality in general, and vocational 
education in particular. 

Methodologically, future research may build on 
these findings by combining bibliometric analysis 
with discourse approaches, policy studies, or mixed 
methods, including systematic cross-country 
comparisons of AI policies, research funding, 
platform accessibility, and publishing infrastructure, 
to further explain how GenAI is reshaping educational 
paradigms, epistemic authority, and global knowledge 
production across regions. Finally, since this review 
primarily refers to English-language journals indexed 
in major databases, future work should incorporate 
multilingual and regional sources to support a more 
inclusive and truly multipolar understanding of GenAI 
in higher education. 

 
5. Conclusion 

 
The development of Artificial Intelligence, driven 

by technological advances, has expanded rapidly and 
reached almost every aspect of daily life. Over the past 
two decades, many studies have examined the use of 
AI in the field of education; however, only a few have 
focused on teaching and learning in vocational 
education.  

The results show that research related to the use of 
AI in teaching and learning in vocational education is 
still limited to: (1) Learning design, with thematic 
focuses on learning personalization, learning paths, 
and teaching models/methods; (2) Learning 
implementation, with focuses on e-learning/online 
learning, simulation, learning technology, and learning 
management systems; and (3) Learning evaluation, 
with focuses on quality control, teaching quality, and 
quality assessment. The novelty of this study lies in its 
recommendations for research areas that can still be 
developed in the future for practitioners in the use of 
AI in teaching and learning in vocational education, 
including: (1) Learning design with a focus on 
automated syllabus, learning resources, and learning 
content/materials; (2) Learning implementation with a 
focus on learning management systems and learning 
media/instructional media; and (3) Learning 
evaluation with a focus on automated assessment, 
automated review/feedback, and question item 
generation. Therefore, this study provides a theoretical 
contribution regarding technology that has 
transformed from a supporting tool into an adaptive 
pedagogical partner that strengthens self-regulated 
learning, particularly in vocational education, through 
content support and student-centered learning 
assessment. Practically, AI in vocational education is 
able to provide significant support in reducing 
teachers’ administrative workload through automation 
in the processes of learning planning, implementation, 
and evaluation stages. Future research can build on 
these findings by combining bibliometric analysis with 
discourse approaches, policy studies, or mixed 
methods, including systematic cross-country 
comparisons of AI policies, research funding, platform 
accessibility, and publishing infrastructure. 
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