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EXPLORING THE CHALLENGES AND OPPORTUNITIES OF
INTEGRATING ICT IN TVET

Salem Badawi! and Monica Dragoicea?

The labor market is constantly affected by global events and techno-
logical advancements, leading to a need for the workforce to continuously ac-
quire new skills. Technical and Vocational Education and Training (TVET)
can provide such opportunities, with Information and Communication Tech-
nology (ICT) playing a crucial role in facilitating the process. However, the
full potential of ICT in TVET has not been fully realized, and there is a
gap in the knowledge regarding its role. To contribute to the body of knowl-
edge, this study has conducted a systematic literature review using Natural
Language Processing (NLP) tools, including Word Cloud and Topic model-
ing. The findings have shown common themes addressing the role of ICT
in creating and distributing educational material, creating collaborative and
interactive learning environments, and providing personalized learning ex-
periences. This study has revealed challenges related to ICT infrastructure,
availability of ICT skills, and technical challenges including cyber-security
and technical support. Furthermore, the study has identified a knowledge
gap in understanding the role of ICT in the learning value-creation process.
As a practical implication, this study highlights the need for future research
in the field, to address the knowledge gap related to the role of Artificial
Intelligence (AI) technologies in facilitating the value creation process in
TVET. The findings have social implications for the development of TVET
programs and the development of sustainable workforce, thus contributing
to the achievement of the United Nations’ Sustainable Development Goals.

Keywords: TVET, text analysis, word cloud, topic modelling, ICT tools,
collaborative learning.

1. Introduction

Recent global events, including the COVID-19 pandemic, inflation re-
sulting from Russia’s invasion of Ukraine [1], and emerging AI technologies,
have had a significant impact on the labor market [2], leading to an increase in
unemployment rates in recent years. To adapt to these changes, the workforce
is increasingly required to acquire new skills through upskilling and lifelong
learning opportunities, such as those provided by technical and vocational
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education and training (TVET) programs. TVET, as a form of education,
encompasses skills development for a wide range of beneficiaries and is focused
on technologies and sciences, as well as the acquisition of skills, knowledge,
attitudes, and the ability to implement these skills in their life [3]. The combi-
nation of ” knowing, wanting, and implementing” is at the core of TVET. As a
result of its importance, TVET has been included in the United Nations Edu-
cational, Scientific, and Cultural Organization (UNESCO) Sustainable Devel-
opment Goals (SDGs, 3 and 4) [4]. The UNESCO strategy has placed a focus
on youth employment, entrepreneurship, and lifelong learning, recognizing the
critical role that TVET plays in addressing these key issues [5].

Information and Communication Technologies (ICT) have a critical role
in facilitating education, including TVET. ICT provides a means for sharing
educational resources [6], aids in the creation, dissemination, and processing
of knowledge [7], and facilitates collaborative learning activities [8, 9]. Despite
the significant impact that ICT has in the value-creation process in education,
previous research [10, 11, 12] has identified a gap in its role in supporting
TVET. These studies highlight the need for further investigation into the role
of ICT in enhancing the effectiveness of TVET.

Our previous research [13, 8, 9, 14] recognized a gap in the knowledge
regarding the role of ICT in skills building for TVET learners. In order to verify
this hypothesis and gain a deeper understanding of the ICT enabled value
creation process within TVET, a systematic literature review was performed
using a proposed methodology that utilizes NLP tools such as Word Cloud
and Topic Modeling. Through this process, the literature on TVET education
has been reviewed, with a focus on the role of ICT in facilitating the learning
process in TVET. This process identified the key trends and topics of interest
to the scientific community in the field of TVET ICT enabled education.

The paper is structured as follows: Section 2 presents the methodology
used to conduct the study, the results are presented in Section 3, and a discus-
sion and conclusion that clarifies the answers to the main research questions
and concludes the paper by emphasizing the significance of the contributions
and providing guidelines for future research are presented in Section 4.

2. Methodology

The proposed methodology consists of three main phases: 1) Articles
collection: the relevant articles for the review are identified and collected; IT)
Text preparation: the collected articles are prepared for analysis, including
the text preprocessing to remove any irrelevant or redundant date, and format-
ting the data in a way that is suitable for analysis; III) Text modeling and
analysis: the prepared text is analyzed using the LDA method, icluding the
identification of the key topics and themes present in the text, and quantifying
the relationships between these topics.
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Overall, this methodology provides a systematic and transparent ap-
proach for conducting a smart literature review using the LDA method, which
can help researchers to efficiently and effectively synthesize the existing body
of knowledge in a particular field. The results of the analysis can then be used
to draw conclusions about the state of the field and identify areas for further
research opportunities.

2.1. Articles collection

The purpose of this study is to examine the role of ICT in TVET. The
keywords "ICT+TVET” and ”Online+TVET” were used to search several
databases including IEEE, Springer Link, Nature, Science Direct, Scopus, and
Web of Science. The search was limited to articles published between 2013
and 2022. A total of 210 articles were found, and after eliminating duplicates
and irrelevant articles, the final number of articles used in the study was 178.

We included scientific artifacts that were published in the English lan-
guage in various sources such as journals, conferences, symposiums, or book
chapters as part of our inclusion criteria. This broad range of literature sources
allowed us to cover a wide range of literature related to TVET and provided
the necessary material to create the dataset for modeling in the subsequent
stages.

The steps that have been applied in the articles selection process are the
following:

e Screening: During this phase, the articles have been screened to ensure
that they were relevant to the aim of the study. They have been also
checked for redundancy and only one copy of articles that appeared in
multiple searches has been kept.

e Assessment: During this phase, the quality of the articles as scientific
artifacts has been evaluated.

e Selection: The relevant articles were chosen and organized into folders
based on the source database (e.g. all articles from IEEE were placed in
the same folder labeled "IEEE”).

e Coding: A four-digit coding scheme was used to label the articles. The
first digit represented the database (e.g. articles from IEEE were labeled
with a 1 as the first digit), the second digit represented the search keyword,
and the last two digits were a sequential number. For example, the article
labeled 1001 was the first article found in IEEE using the search keyword
"ICT+TVET”.

2.2. Text preparation

After collecting the relevant articles, we proceeded to extract the text.
We have used the PyPDF2 Python library to extract the text from the first
three pages of each article. These pages were selected because they typically
include the abstract, introduction, and part of the state of the art or method.
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Our screening process showed that selecting three pages is sufficient to identify
the topic of the articles. The output of this process is a CSV file with three
columns: a serial number, the file label, and the extracted text. It’s worth
noting that, while the research team gained some understanding of the topics
of the articles during both the articles’ selection and text extraction processes,
this information was not encoded in any of the outputs of either process. To
ensure impartiality in the study results, the articles are referred to using codes
rather than their titles or topics.

To ensure the integrity and quality of the data, the next step after ex-
tracting the text was to clean it. The text cleaning process used in this study
followed the techniques outlined by [15] and [16]. To clean the text, the fol-
lowing steps were taken:

e All words were converted to lowercase.

e Punctuation, digits, special characters, and extra whitespaces were re-
moved.

e Emails and URLs were removed.

e Stop words were removed using The Python Natural Language Toolkit
NLTK library [17], as these words do not provide significant meaning for
the topic modeling process and could potentially mislead it.

e The remaining words were lemmatized and stemmed to ensure that each
word was properly formatted. To process the text and return it to its root
form (stemming) and dictionary format (lemmatization) [18], we used the
Python NLTK library.

Through these steps, the data become effectively cleaned and prepared
for analysis.

2.3. Text analysis and topic modeling

The data analysis process was divided into the following phases:

2.3.1. Word cloud: A word cloud is a visual representation that shows the
most common words in the articles’ text. The size of the word reflects its fre-
quency of appearance in the text, with larger words appearing more frequently
[19]. The Word Cloud was created through an iterative process. Through this
process, we performed text cleaning to remove any words that did not con-
tribute significant meaning to the analysis, such as "two”, "three”, "number”,
"type”, "first”, "may”, "paper”, etc. After completing the cleaning process,
Python’s WordCloud and matplotlib libraries were used to generate the Word
Cloud graph.

2.3.2. Topic modeling: In the topic modeling process, each block of text ex-
tracted from each article has been transformed into a list of words. These
lists have been used further to create a dictionary using Gensim’s Dictionary
function [20]. The dictionary included a total of 33977 words. This dictionary
has been used to create a matrix showing each word’s frequency in the block.
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Cluster No. 0 1 2 3 4 5 6 7
Probability 0.068 0.0003 0.0003 0.0938 0.0752 0.5836 0.0306 0.1483

TABLE 1. An example of a block’s classification probabilities

A Latent Dirichlet allocation Model (LdaModel) [21] has been created using
Gensim with 8 topics, generated through a trial and error process, as there is
no set method for determining the correct number of topics. This model has
created a matrix with 8 clusters and listed the probability of each block being
classified under each cluster.

For example, consider the probabilities listed in Table 1. In this example,
the probability that the block belongs to cluster 0 is 0.068, the probability that
it belongs to cluster 1 is 0.0003, and so on. The first number in the table refers
to the cluster, and the second number represents the probability that the block
of text is classified in that cluster.

After creating this matrix for all blocks, we have set a threshold to guide
the classification of the blocks into clusters. We may accept the classification
with a probability value greater than a threshold [22].

The threshold is usually set as the mean of the probabilities [22] or a
percentile threshold [23], within the scope of this article, we have adjusted the
percentile threshold to improve the accuracy of classification, as presented in
Equation 1, where X is a matrix that contains all the probabilities, sorted in
descending order, n is the total number of probabilities, and ¢ is a variable
that determines the value of the threshold.

Xz + Xjz

. 1)

This formula, which determines the threshold value, takes into account

the value of the variable ¢, calculated using Equation 2, where n is computed
as the product between the number of articles and the number of topics.

Threshold =

1
Threshold > (1 — =) * 100% (2)
c

When c is set to 10, the threshold is greater than 90% of the classification
probabilities of all blocks in all clusters, which is 1424 (number of articles *
number of topics). On the other hand, when ¢ is set to 2, the threshold is
greater than 50% of the probabilities. Various values of ¢ have been used for
computation, ranging from 10 to 2, and it has been found that the best value
for our case was 8. At this value, the threshold is equal to 0.42, which is
greater than 87.5% of the probabilities. For example, in Table 1, the block has
been classified into cluster 5 because the probability of the block belonging to
cluster 5 is 0.5836 which is greater than the threshold of 0.42.

Computing this threshold as presented before, to accurately and consis-
tently assign blocks to their respective clusters, resulted in only 4 blocks being
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classified into more than one cluster and 3 were not classified at all. This
was the best result that could be achieved. The method for determining the
threshold is generally applicable, while the value of ¢ depends on the data set
used in the specific use case.

3. Results

This section presents the findings of this study. The study approached
the findings with a critical eye to ensure their accuracy and allow a better
understanding of the current trends in the literature.

3.1. The word cloud

The Word Cloud analysis shows that some of the most frequent words are
"learning”, ”skill”, "student”, and ”development,” each of which occurs more
than 999 times, as depicted in Figure 1 and Table 2. This is understandable,
as the main role of TVET is to develop students’ skills.

Another frequently occurring word is ”social,” which appeared 603 times.
This term was often used in conjunction with "media” to highlight the role of
social media in online learning and collaboration, such as in [10]. It was also
used to indicate the use of social media as a source of data collection, such as
in [24].

In many instances, the term ”social network” has been used as a synonym
for ”social media”, while in other cases it has been used to refer to networks of
actors that serve as resource facilitators for TVET education, such as in [25].
The word ”social” was also used as part of the definition of TVET education
to highlight the role of TVET in improving social life [26]. In other instances,
it was used in the context of social problems, such as "social inequality” or
"social exclusion”.

The analysis of the literature found that ICT was mentioned 531 times,
with the majority of these references focusing on the use of specific ICT tools
such as Learning Management Systems (LMS) [6] and Massive Open Online
Courses (MOOCGs) [27]. There is also a general trend in this literature toward
examining the challenges and opportunities of integrating ICT into TVET.
Such articles address the digital divide by highlighting the importance of de-
veloping necessary ICT skills [28]. Finally, some articles take a more broad
approach and discuss the role of ICT in facilitating TVET education more
generally, without focusing on any specific aspect, such as [10].

3.2. Topic modeling results

After conducting a word cloud analysis, we identified that certain words
appeared with high frequency in a majority of the articles. These words were
causing interference in the clustering process, as their high frequency was dis-
rupting the formation of clusters. As a result, we removed the words that
occurred with a frequency greater than 799 times, in order to improve the
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No. Words Frequency
1 [’education’, ’learning’, *tvet’, ’skill’, ’student’, ’development’] More than 999 times
2 ['training’, ’study’] 800-999
3 ['vocational’, ’knowledge’, ’technology’, "technical’, ’teaching’, 'so-  600-799
cial’]
4 ['system’, ’information’, ’ict’, ’educational’, teachers’, 'process’, 400-599
‘use’, ‘malaysia’, ’data’, ’online’, ’countries’, *work’]
5 [higher’, ’institutions’, ’curriculum’, ’international’, ’world’, 300-399
‘model’, ’access’, ’economic’, ’quality’, ’design’, ’employment’]
6 ['analysis’, ’policy’, ’school’, ’media’, ’literature’, ’university’, 200-299
’communication’, ’africa’, 'video’, ’youth’, ’support’, ’human’, ’ac-
tivities’, ’innovation’;, ’challenges’, ’content’, ’result’, ’environ-
ment’, ’performance’, ’professional’, ‘'management’, ’effective’]
7 ['context’, ’future’, 'framework’, ’opportunities’, 'current’, ’gov- 100-199
ernment’, ‘motivation’, ’computer’, 'labour’, 'practices’, ’lectur-
ers’, 'resources’, ’graduates’, ’lifelong’, ’integration’, ’vet’, ’out-
comes’, 'business’, ’community’, 'unesco’, ’elearning’, ’covid’, 'ru-

‘strategy’,
cal’, ’cooperation’,

b
ral’,

’course’,
’asia’,

’society’, ’entrepreneurship’, 'pedagogi-

‘capital’, ’service’, ’game’, ‘network’]

TABLE 2. Words Frequency

accuracy of the clustering process, see Table 2. Table 3 presents the resulting
clusters, the number of articles in each cluster, and the keywords that guided

the classification.

Within the scope of this article, we use the term "cluster” to refer to
the aggregation of text blocks. These clusters are transformed into topics by
assigning themes to each cluster. It is important to note that the numbering
system for clusters and topics differs, with clusters being numbered starting
from 0 and topics being numbered starting from 1. However, the terms ”clus-
ter” and "topic” may be used interchangeably, with cluster 0 corresponding to

topic 1, and so on.
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Cluster Number of Ar- Keywords

No. ticles

0 21 ["higher”, "lifelong”, ”adult”, ”social”, ”international”, ”country”,
?unesco”, "literacy”].

1 19 [’skill”, ”student”, ”knowledge”, ” country”, ”work”, ”employment”,

olic vocationa system

” 1 177 ” t 1777 ” t ”

2 37 [’teaching”, ”teacher”, ”student”, "literacy”, ”technical”, ”skill”,
”technology”, ”vocational”, "research”, ” competence”|

3 16 [?youth”, ”program”, ”intervention”, ”study”, "market”, ”employ-
ment”, ”country”, ”skill”, "review”, ”evidence”

4 8 [ict”?, 7vet”, ”state”, " college”, ”vocational”, "knowledge”, ” technol-
ogy”, "technical”, ”integration”, ”icts”

5 13 [’teacher”, “technology”, ”student”, ”research”, ”video”, ict”,
”teaching”, "use”, "online”, ”vocational”

6 39 [’student”, ”skill”, ”knowledge”, ”Malaysia”, ”technical”, ”system”,
”technology”, ”process”, ”educational”, ” game”

7 26 [?system”, ”curriculum”, ”school”, ”student”, ”vocational”, "use”,

» 9

?medium”, ”technology”, ” country”

TABLE 3. Clusters - Number of articles - Keywords

The pyLDAvis Python library has been used to visualize the topics in
our study. Figure 2 presents the two topics with the most and least number
of articles. The size of the bubbles on the left side of the figure represents the
number of keywords belonging to each topic [21].

Table 3 presents the most frequently occurring keywords, rather than
the full vocabulary of each topic. The right side of each figure displays the
vocabulary of the corresponding topic. Each keyword is represented in Figure 2
by two bars: the blue bar represents the frequency of the keyword across all
topics, and the red bar represents the frequency of the keyword within the
specific topic [21]. As can be seen, cluster 6 (topic 7) has a larger number of
common vocabulary items compared to cluster 4 (topic 5).

In the topic analysis process, the keywords listed in Table 3 for each clus-
ter are examined, and they are analyzed in association with the corresponding
articles to contextualize the usage of these keywords. In this way, the themes
associated with each topic may be understood. In the following, we present
the themes associated with each identified topic (Table 3).

e Topic 1 (cluster 0): The analysis of this topic reveals a high frequency
of words such as "higher”, "lifelong”, "adult”, "social”, ”international”,
"country”, "unesco”, and ”literacy”. In this topic, several themes were
identified: i) The first theme concerns the utilization of various ICT tools,
such as Simulation and Visualization tools [29], Mobile Learning [30], and
Social Networks [24], and their potential impact on TVET pedagogy. ii)
The second theme addresses the potential role of TVET in attaining the
Sustainable Development Goals (SDGs), e.g. [7]. iii) The third theme
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highlights the geographical focus of previous research on TVET, with a
notable trend toward studies conducted in Malaysia, Indonesia, Sri Lanka,
and Sub-Saharan Africa.

e Topic 2 (cluster 1): The topic analysis reveals a prevalent usage of words
such as 7skill”, ”student”, "knowledge”, “employment”, ”policy”, and
"system”. This topic exhibits several themes pertaining to the utilization
of ICT within the realm of TVET. i) One theme addresses the crucial
role of ICT in promoting sustainable and inclusive human development
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[7], specifically through the use of Al applications in providing personal-
ized education [31] and the use of education game platforms in enhancing
student motivation and engagement [32]. ii) Another theme highlights
the importance of ICT skills in achieving the goals of TVET education
and addresses the challenge of effectively utilizing these technologies for
educational advancement, e.g.[33].

Topic 3 (cluster 2): The analysis of this topic reveals a high frequency of
words such as "teaching”, "teacher”, ”student”, ”"literacy”, "skill”, "re-
search”, and ”competence”. i) The first theme centers around the use
of ICT in facilitating TVET learning processes through various means
such as gamification to improve students’ motivation and engagement in
blended learning [34], utilization of ICT for assessment [35], and the role
of ICT in knowledge sharing [36]. Furthermore, the theme emphasizes the
significance of curriculum development that incorporates digital materials
[37], and the importance of a digital environment for social participation
in TVET [38]. ii) Another theme analyzes the importance of ICT skills
for lifelong learning [39]. iii) Lastly, the topic also addresses the challenges
related to ICT infrastructure, for example, cloud cyber-security [40], and
the availability of digital equipment [41].

Topic 4 (cluster 3): The topic analysis indicates a prevalent usage of
words such as "youth”, "program”, "intervention”, "study”, "market”,
"employment”, "skill”, and ”evidence”. The scope of this topic does not
primarily focus on the role of ICT in TVET education. However, a limited
number of articles do touch upon: the factors that influence the use of
ICT in education such as ICT literacy and skills, ICT readiness [42].
Topic 5 (cluster 4): The topic analysis indicates a prevalent usage of
words such as 7ict”, "vet”, "college”, "knowledge”, "technology”, and
"integration”. Despite the small sample size, consisting of only 8 articles,
the topic demonstrated a significant emphasis on the utilization of ICT
in the context of lifelong education. This was evidenced by the recurring
themes that address: i) the utilization of ICT to promote knowledge and
skills acquisition and provide access to learning materials [43], and ii) the
potential of ICT to create interactive educational experiences through the
use of online learning tools [44].

Topic 6 (cluster 5): The analysis of this topic reveals a high frequency of
words such as "teacher”, ”"technology”, ”student”, "research”, ”video”,
7ict”, "teaching”, and "online”. The analysis revealed three distinct
themes within the topic. i) The first theme related to challenges related to
access to ICT including issues such as inadequate infrastructure, limited
availability of digital equipment [45], lack of technical support, and low
levels of digital literacy among students [46]. ii) The second theme focused
on the use of interactive learning tools, including interactive whiteboards
[47], gamified interactive digital classrooms [48], interactive media [49].
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iii) The final theme pertained to technology integration in education and
addressing factors that contribute to a positive online learning experience
[50].

e Topic 7 (cluster 6): The analysis of this topic reveals a high frequency of
words such as "student”, ”skill”, "knowledge”, ”system”, ”technology”,
"process”, "educational”, and "game”. The themes addressed within this
topic were found to be consistent with those identified in prior topics,
including: i) challenges associated with integrating ICT in TVET, such
as digital literacy and infrastructure [51]; ii) the use of digital teaching
aids [10]; iii) the use of social networking (social media) in education [52];
iv) and the use of frameworks such as the Technology Acceptance Model
(TAM) [53] and other frameworks to investigate technology acceptance
and integration in education [54, 55]. However, an additional theme was
identified that pertains to the role of TVET in preparing the youth for
future ICT-related jobs [56].

e Topic 8 (cluster 7): The analysis of this topic reveals a high frequency of
words such as "system”, ”curriculum”, ”school”, ”student”, "medium”,
"technology”, and ”country”. Most of the themes addressed in this topic
were consistent with those identified in prior analyses, including: i) the
challenges associated with integrating ICT in education, specifically in re-
gards to ”Cybergogy” readiness (the availability of digital literacy among
students) [57]. ii) The examination of various digital teaching and learn-
ing tools such as education game platforms [32], digital pedagogical tools
[58], and online exams [59]. The utilization of project/problem-based
learning approaches facilitated by ICT tools [60]. iii) The role of ICT
in achieving the United Nations’ Sustainable Development Goals (SDGs)
[61]. iv) Additionally, a new theme emerged within this topic, oriented
toward the role of ICT in facilitating knowledge creation, dissemination,
and processing [7].

The analysis has revealed several recurring themes across multiple clus-
ters. Further refinement and interpretation of these findings would benefit from
additional human-mediated analysis to identify common themes and summa-
rize the results, and this discussion is presented in the following section.

4. Discussion and conclusions

The most commonly noted challenges, regarding the integration of ICT in
TVET that have been identified in the targeted literature, include the following
themes: a) the availability of ICT skills among students and educators, and
b) the availability of ICT infrastructure, particularly internet connectivity and
digital equipment.

These themes have been prevalent in literature prior to 2020 and have
particularly appeared in studies in developing countries, particularly in rural
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regions. However, in recent years, the widespread availability of digital tech-
nologies, such as smartphones, has mitigated these challenges to some extent.
Contemporary literature has instead highlighted technical challenges related to
cyber-security, especially in cloud computing technologies, as well as the avail-
ability of technical support. The majority of the studies on the use of ICT
in TVET have investigated its role in facilitating education, which is mainly
manifested in providing means for:
e Sharing educational materials such as learning management systems, video
lectures, and simulation and visualization tools;
e Interactive learning through the use of educational game platforms, inter-
active whiteboards, virtual classrooms, etc.;
e Collaborative learning, which mainly focuses on the use of social networks

(social media) in education and project-problem-based learning;

e Personalized learning through the utilization of Al technologies to provide
a personalized learning experience tailored to the student’s needs.

Although this subject has rich literature, a research gap remains on the
role of ICT in the value creation process of TVET. The majority of the existing
literature focuses on assessing the usability and accessibility of specific ICT
tools as enablers of educational resources. Moreover, the literature on the
contribution of ICT to collaborative learning via social networks follows the
same trend. Additionally, the literature on the impact of artificial intelligence
(AI) on personalized learning necessitates a thorough examination of this topic.

The original contributions of this paper reflect the application of ad-
vanced data analysis techniques to extract major topics of research in innovat-
ing in the TVET service ecosystem using ICT tools.

Our original findings reveal that the majority of literature reflects com-
mon challenges related to the availability of ICT skills, ICT infrastructure,
and equipment in TVET, as well as more recent technical challenges related to
cyber-security and technical support. Additionally, most studies have inves-
tigated the role of ICT in facilitating TVET by providing means for sharing
educational materials, interactive and collaborative learning, and personalized
learning.

Specifically, our study has identified a gap in the knowledge related to the
process of value creation in TVET), the role of collaborative project/problem-
based education in filling this gap, and the use of Al to facilitate this pro-
cess in TVET. In addition, this study contributes to the body of existing
knowledge by presenting a comprehensive framework for conducting a system-
atic literature review using natural language processing (NLP). Although the
study is limited to its context, this study highlights the need for future work
that is value-oriented and utilizes Al technologies to create collaborative and
project /problem-based learning experiences in TVET.



Exploring the challenges and opportunities of integrating ICT in TVET 61

1]

[15]

[16]

[17]

REFERENCES

M. A. Ruiz Estrada, “How much inflation and unemployment worldwide can generate
the russo-ukrainian war crisis?” Awvailable at SSRN 4131388, 2022. [Online]. Available:
https : / /papers.ssrn.com/sol3 /papers.cfm?abstract_id = 4131388

M. Webb, “The impact of artificial intelligence on the labor mar-
ket,”  Awvailable at SSRN 3482150, 2019. [Online]. Available: https :
/ /papers.ssrn.com/sol3/papers.cfm?abstract_id = 3482150

UNESCO, “Technical and vocational education and training for the twenty-first
century: Unesco recommendations,” UNSEDOC,Digital Library, 2003. [Online].
Available: https://unesdoc.unesco.org/ark: /48223 /pf0000126050

——, “Proposal for the revision of the 2001 revised recommendation concerning
technical and vocational education,” UNSEDOC,Digital Library, 2015. [Online].
Available: https://unesdoc.unesco.org/ark: /48223 /pf0000234137

M. Preckler Galguera, “Tvet at unesco,” in Globalization, Mass Education and Techni-
cal and Vocational Education and Training. Springer, 2018, pp. 67-73.

N. A. Ahmad, N. F. Elias, and N. Sahari, “The motivational factors in learning man-
agement system,” in 2021 International Conference on Electrical Engineering and In-
formatics (ICEEI). IEEE, 2021, pp. 1-6.

S. A. Asongu and N. M. Odhiambo, “Building knowledge-based economies in africa:
A systematic review of policies and strategies,” Journal of the Knowledge Economy,
vol. 11, no. 4, pp. 1538-1555, 2020.

S. Badawi, M. Dragoicea, and S. Ciolofan, “Collaborative smart service design for
TVET resource management,” in EDULEARN21 Proceedings, ser. 13th International
Conference on Education and New Learning Technologies. TATED, 5-6 July, 2021 2021,
pp. 4826-4836. [Online]. Available: http://dx.doi.org/10.21125/edulearn.2021.0999

S. Badawi and M. Dragoicea, “Towards a value co-creation process in collaborative
environments for tvet education,” Sustainability, vol. 15, no. 3, p. 1792, 2023.

R. H. Hassan, M. T. Hassan, S. Naseer, Z. Khan, and M. Jeon, “ICT enabled TVET
education: a systematic literature review,” IEEE Access, vol. 9, pp. 81 624-81 650, 2021.
J. Hondonga, T. Chinengundu, and P. K. Maphosa, “Online teaching of TVET courses:
An analysis of botswana private tertiary education providers’ responsiveness to the
COVID-19 pandemic learning disruptions,” TVETonline Asia, vol. 16, pp. 1-14, 2021.
S. Ghavifekr and S. Yulin, “Role of ICT in TVET education: Teaching & learning
amid covid-19 pandemic,” International Journal of Advanced Research in Education
and Society, vol. 3, no. 1, pp. 119-131, 2021.

S. Badawi, L. Carrubbo, M. Dragoicea, and L. Walletzky, “An analysis of the com-
plex education service for resilience in a multi-contextual framework,” in INTED2021
Proceedings. TATED, 2021, pp. 5159-5168.

L. Walletzky, L. Carrubbo, N. G. Badr, M. Dragoicea, A. M. Toli, and S. Badawi,
“Reconfiguring the service system for resilience: lessons learned in the higher education
context,” Journal of Business & Industrial Marketing, 2023.

N. Rathee, N. Joshi, and J. Kaur, “Sentiment analysis using machine learning tech-
niques on Python,” in 2018 Second International Conference on Intelligent Computing
and Control Systems (ICICCS). IEEE, 2018, pp. 779-785.

C. B. Asmussen and C. Mgller, “Smart literature review: a practical topic modelling
approach to exploratory literature review,” Journal of Big Data, vol. 6, no. 1, pp. 1-18,
2019.

S. Bird, E. Klein, and E. Loper, Natural language processing with Python: analyzing
text with the natural language toolkit. 7 O’Reilly Media, Inc.”, 2009.



62

Salem Badawi, Monica Dragoicea

[18]

[19]

[20]

S. R. Gomes, S. G. Saroar, M. Mosfaiul, A. Telot, B. N. Khan, A. Chakrabarty, and
M. Mostakim, “A comparative approach to email classification using naive bayes clas-
sifier and hidden Markov model,” in 2017 4th international conference on advances in
Electrical Engineering (ICAEE). 1EEE, 2017, pp. 482-487.

Y. Jin, “Development of Word Cloud generator software based on Python,” Procedia
engineering, vol. 174, pp. 788-792, 2017.

B. Srinivasa-Desikan, Natural Language Processing and Computational Linguistics: A
practical guide to text analysis with Python, Gensim, spaCy, and Keras. Packt Pub-
lishing Ltd, 2018.

T. Xie, P. Qin, and L. Zhu, “Study on the topic mining and dynamic visualization in
view of LDA model,” Modern Applied Science, vol. 13, no. 1, pp. 204-213, 2018.

B. Dahal, S. A. Kumar, and Z. Li, “Topic modeling and sentiment analysis of global
climate change Tweets,” Social Network Analysis and Mining, vol. 9, no. 1, pp. 1-20,
2019.

Y. Ju, B. Adams, K. Janowicz, Y. Hu, B. Yan, and G. McKenzie, “Things and
strings: improving place name disambiguation from short texts by combining entity
co-occurrence with topic modeling,” in Knowledge Engineering and Knowledge Man-
agement: 20th International Conference, EKAW 2016, Bologna, Italy, November 19-23,
2016, Proceedings 20. Springer, 2016, pp. 353-367.

M. H. M. Adnan, S. A. Ariffin, H. F. Hanafi, M. S. Husain, and I. Y. Panessai, “A
social media analytics framework to increase prospective students’ interests in STEM
and TVET education,” Asian Journal of University Education, vol. 16, no. 4, pp. 82-90,
2021.

J. Dlouhd, L. Henderson, D. Kapitul¢inova, and C. Mader, “Sustainability-oriented
higher education networks: Characteristics and achievements in the context of the un
desd,” Journal of cleaner production, vol. 172, pp. 4263-4276, 2018.

S. S. Muhammad and S. a. Babawuro, “Effective integration of information and commu-
nication technologies (ICTs) in technical and vocational education and training (TVET)
toward knowledge management in the changing world of work,” African Journal of
Business Management, vol. 5, no. 16, pp. 6668-6672, 2011.

M. I. Rahim and S. Shamsudin, “Categorisation of video lecture designs in MOOC
for technical and vocational education and training educators,” Journal of Technical
FEducation and Training, vol. 11, no. 4, 2019.

Z. Yasak and M. Alias, “ICT integrations in TVET: Is it up to expectations?” Procedia-
Social and Behavioral Sciences, vol. 204, pp. 88-97, 2015.

S. Fadzli, J. Yahaya, A. Deraman, A. R. Hamdan, L. Halim, N. Z. Yahaya, M. S. M.
Zahari, and 1. A. I. Rais, “Environment based virtual interaction to enhance motiva-
tion of stem education: The qualitative interview design and analysis,” Education and
Information Technologies, vol. 25, no. 2, pp. 775-790, 2020.

I. I. Mahazir, M. Norazah, D. Rosseni, A. A. Arif, and C. Ridzwan, “Design and
development performance-based into mobile learning for TVET,” Procedia-Social and
Behavioral Sciences, vol. 174, pp. 1764-1770, 2015.

H.-H. Goh and R. Vinuesa, “Regulating artificial-intelligence applications to achieve the
sustainable development goals,” Discover Sustainability, vol. 2, no. 1, pp. 1-6, 2021.
M. Ahmad, N. Zakaria, W. W. Hassan, S. Razali, N. Abd Mutalib, and N. Bokhari,
“Educational game platform Kahoot! in teaching and learning process: A case study of
new norms,” in 2021 IEEE 9th Conference on Systems, Process and Control (ICSPC
2021). IEEE, 2021, pp. 147-152.

U. Hanemann, “Lifelong literacy: Some trends and issues in conceptualising and oper-
ationalising literacy from a lifelong learning perspective,” International review of edu-
cation, vol. 61, no. 3, pp. 295-326, 2015.



Exploring the challenges and opportunities of integrating ICT in TVET 63

[34]

L. A. Samah and A. Ismail, “Enhance motivation and engagement in blended e-learning
for TVET using gamification,” in 2021 International Conference on Electrical Engineer-
ing and Informatics (ICEEI). IEEE, 2021, pp. 1-6.

D. R. Kaparang, A. Mewengkang, C. P. Munaiseche, and I. D. Pesik, “Object data
modelling for online test systems based on indicator of competency achievement ap-
proach,” in 5th UPI International Conference on Technical and Vocational Education
and Training (ICTVET 2018). Atlantis Press, 2019, pp. 458-463.

R. K. Sungkur and M. I. Santally, “Knowledge sharing for capacity building in open
and distance learning (ODL): reflections from the African experience,” Journal of the
Knowledge Economy, vol. 10, no. 1, pp. 380-396, 2019.

A. A. Smaragdina, A. M. Nidhom, A. B. N. R. Putra, and J. M. Yunos, “The archi-
tecture of Cyber-edu system responsive TVET curriculum,” in 2021 7th International
Conference on Electrical, Electronics and Information Engineering (ICEEIE). IEEE,
2021, pp. 157-161.

F. Bolafios and A. Salinas, “Secondary vocational education students’ expressed expe-
riences of and approaches to information interaction activities within digital environ-
ments: A phenomenographic study,” Education and Information Technologies, vol. 26,
no. 2, pp. 1955-1975, 2021.

A. Benavot, C. O. Hoppers, A. S. Lockhart, and H. Hinzen, “Reimagining adult ed-
ucation and lifelong learning for all: Historical and critical perspectives,” pp. 1-30,
2022.

N. N. Patala, A. Kadyamatimba, and S. Madzvamuse, “Adoption of cloud-cyber secu-
rity: challenges and perceptions within resource constrained higher education institu-
tions,” in 2018 Open Innovations Conference (OI). IEEE, 2018, pp. 313-318.

D. S. Abiy, G. G. Kabeta, and D. M. Mihiretie, “Developing a lifelong learning sys-
tem in ethiopia: Contextual considerations and propositions,” International Review of
Education, vol. 60, no. 5, pp. 639-660, 2014.

P. Abbott, R. Mugisha, P. Mtika, and W. Nzabalirwa, “Failing adult learners: Why
rwanda’s adult literacy education is not delivering,” International Journal of Educa-
tional Development, vol. 79, p. 102288, 2020.

N. I. Edeh, E. O. Ugwoke, F. E. Abanyam, M. A. Madu, N.-O. Augustine, and
M. Chukwuma, “Extending technology acceptance model in learning-management-
systems in TVET institutions: The impact of vocational educators’ gender, experience
and perception,” Journal of Technical Education and Training, vol. 13(3), 2021.
[Online]. Available: https://doi.org/10.30880/jtet.2021.13.03.009

R. M. Bekri, M. Ruhizan, M. Norazah, Y. F. A. Nur, and H. T. Ashikin, “Development
of malaysia skills certificate e-portfolio: a conceptual framework,” Procedia-Social and
Behavioral Sciences, vol. 103, pp. 323-329, 2013.

S. Khan, R. R. Ahmed, D. Streimikiene, J. Streimikis, and M. A. Jatoi, “The
competency-based training & assessment, and improvement of technical competencies
and changes in pedagogical behavior,” E & M Ekonomie a management, vol. 25, no. 1,
pp- 96-112, 2022.

R. Naidoo and T. Dawuwa, “Technology integration in TVET colleges in a semi-urban
area,” FDULFEARN19 Proceedings, vol. 1, pp. 10634-10641, 2019.

C. J. Olelewe and A. N. Okwor, “Lecturers’ perception of interactive whiteboard for
instructional delivery in tertiary institutions in enugu state, nigeria,” Journal of com-
puters in Education, vol. 4, no. 2, pp. 171-196, 2017.

N. Wannapiroon and P. Pimdee, “Thai undergraduate science, technology, engineering,
arts, and math (STEAM) creative thinking and innovation skill development: a con-
ceptual model using a digital virtual classroom learning environment,” Education and
Information Technologies, pp. 1-28, 2022.



64

Salem Badawi, Monica Dragoicea

[49]

[55]

[56]

[57]

S. Pandey and S. Tiwari, “Education and prosperity through technology—case of virtual
education limited, nigeria,” Procedia-Social and Behavioral Sciences, vol. 157, pp. 55—
62, 2014.

M. Kitada, J. Bolmsten, K. Zeya, T. H. Pham, and M. S. Aung, “Learning theories
meet virtual classroom technologies: Understanding new educational opportunities in
maritime education and training,” in Global perspectives in MET: Towards Sustainable,
Green and Integrated Maritime Transport, 2017, pp. 72-81.

M. Pavlova, “Bringing TVET up to speed: Regional overview of ICT-enhanced practices
in TVET,” in Anticipating and Preparing for Emerging Skills and Jobs.  Springer,
Singapore, 2020, pp. 199-206.

C. J. Olelewe, C. T. Orji, E. C. Osinem, and I. C. Rose-Keziah, “Constraints and
strategies for effective use of social networking sites (SNSS) for collaborative learn-
ing in tertiary institutions in nigeria: perception of TVET lecturers,” Education and
information technologies, vol. 25, no. 1, pp. 239-258, 2020.

E. Amankwa and E. K. Asiedu, “Emergency e-learning acceptance in second-cycle insti-
tutions in Ghana: a conditional mediation analysis,” SN Social Sciences, vol. 2, no. 4,
pp- 1-31, 2022.

A. Alazam, A. Bakar, R. Hamzah, and S. Asimiran, “Predicting the use of information
and communication technology in teaching among vocational and technical teachers,”
in ICERI2018 Proceedings. IATED, 2013, pp. 5446—5453.

V. Naiker and M. Makgato, “The integration of ICT in TVET college classrooms: A case
in automotive repair and maintenance teaching,” International Journal of Educational
Sciences, vol. 20, no. 1-3, pp. 25-32, 2018.

W. S. Saputra, “Employers’ needs for employability skills of engineering graduates in
indonesia,” in 3rd UPI International Conference on Technical and Vocational Education
and Training. Atlantis Press, 2015, pp. 223-227.

Y. M. Heong, R. Ponudurai, A. B. N. R. Putra, M. M. Mohamad, T. T. Kiong, K. B.
Ching, and N. Azid, “The level of cybergogy readiness among technical students,”
in 2021 International Research Symposium On Advanced Engineering And Vocational
Education (IRSAEVE). 1EEE, 2021, pp. 39-44.

M. Mohd Hashim and B. Abubakar, “The availability of electronic courses using ICT
infrastructure in teaching and learning among teachers in nigeria’s TVET institutions,”
Pertanika Journal Social Sciences € Humanities, vol. 25, p. 17, 2017.

N. Nurhairi, D. Meirawan, and Y. Mulyadi, “Study of the Implementation of BeSmart
Computer Base Test (CBT) Application in SMK End Semester Examinations (Im-
plementation studies were carried out at the State Vocational School 4 in Pekanbaru
City),” in 5th UPI International Conference on Technical and Vocational Education
and Training (ICTVET 2018). Atlantis Press, 2019, pp. 405-411.

K. Chomsuwan, P. Pinit, and A. Anmanatrakul, “Mechatronic TVET student develop-
ment using project approach for in-depth learning,” in 2020 IEEE Global Engineering
Education Conference (EDUCON). IEEE, 2020, pp. 814-818.

A. Stepanek Lockhart, “Bringing together monitoring approaches to track progress
on adult learning and education across main international policy tools,” International
Review of Education, vol. 68, no. 2, pp. 309-328, 2022.



