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Abstract

In the aftermath of the Fourth Industrial Revolution and the seismic shifts triggered by the
COVID-19 pandemic, the labor market has undergone a significant transformation,
compelling a reassessment of workforce competencies. This study delivers a comprehensive
analysis of the emerging trends in reskilling and upskilling initiatives, which are pivotal for
adapting to these shifts. Employing text mining techniques through Voyant Tools, we
meticulously examined a corpus of 68 academic articles from the Web of Science database,
all related to workforce development. Our methodological framework encompassed a
thorough statistical analysis to distill and scrutinize term frequencies, inter-term relationships,
and the overarching sentiment within the scholarly dialogue. The outcomes of this inquiry
provide a sophisticated understanding of the prevailing academic terrain, accentuating the
central themes and lacunae in the extant research corpus. The revelations from this
preliminary study make a significant contribution to the domain of human capital
development. The findings lay down an empirical groundwork for future studies in this
sphere, poised to furnish strategic insights crucial for crafting robust career development
programs. By illuminating the imperative of perpetual learning and skill enhancement, this
paper adds to the conversation on equipping a resilient workforce, ready to excel in the
dynamic, tech-centric economy that lies ahead.
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1. Introduction

The advent of the Fourth Industrial Revolution, also referred to as 4IR, Industry 4.0, or
Digital Revolution, has marked the beginning of an era in which rapid advancements in
automation and digital technologies are reshaping the global workforce landscape (Abe et al.,
2021; Oladele et al., 2021). In particular, the progression of artificial intelligence and
cognitive computing has triggered a significant reconfiguration, extending beyond industrial
realms to the complex network of social interactions within the workplace. As a result, the
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workforce is thrust into an ongoing evolution, mandating the fostering of a culture of lifelong
learning (Bodea et al., 2024; Sofia et al., 2023). The COVID-19 pandemic has expedited this
shift, rendering it essential for workers to promptly adapt to novel roles and skill sets. This
shift has accentuated the importance of reskilling and upskilling initiatives in response to the
dynamic demands of the labor market (Li, 2022). The pronounced changes in employment
structures require a strategic approach to mitigate skill gaps and rectify training
shortcomings, which stand as formidable challenges in this contemporary industrial
landscape (Agarwal et al., 2022).

Text mining, an innovative analytical method, serves as a pivotal tool in deciphering complex
patterns and extracting salient information from vast amounts of unstructured text. By
employing sophisticated algorithms, text mining facilitates the identification of linguistic
patterns and lexical frequencies that often elude traditional analysis (Kumar & Bhatia, 2013;
Miller, 2008). Despite its widespread application across various domains, its utilization
within the sphere of human capital (HC) development remains relatively unexplored. The
current study aims to bridge this gap by employing text mining techniques to discern patterns
and trends within the corpus of research dedicated to reskilling and upskilling.

Leveraging the capabilities of Voyant Tools, a cutting-edge text analysis platform, our
research delves into a meticulously curated corpus comprising 68 scholarly articles. These
articles, sourced from the esteemed Web of Science (WoS) database, span the
interdisciplinary domains of reskilling and upskilling. Through this comprehensive analysis,
we endeavor to illuminate the prevailing research trajectories and emergent themes that
characterize this burgeoning field of study.

2. Theoretical Background

In the contemporary labor market, reskilling and upskilling represent two pivotal strategies
for occupational development. Reskilling is defined as the process of learning entirely new
skill sets aimed at different career trajectories, often necessitated by the obsolescence of
previous roles (Adepoju, 2022). Upskilling, on the other hand, refers to the enhancement of
an employee's current skill set to bolster their performance and adaptability within their
existing position (Sivalingam & Mansori, 2021). These processes are instrumental in
fostering internal mobility within organizations, serving not only to attract but also to retain
talent by aligning employee competencies with the evolving demands of the job market
(LinkedIn, 2023).

The rapid pace of technological innovation, particularly in the wake of Industry 4.0, has
created a discernible skills gap. This gap reflects the discrepancy between the current
capabilities of employees and the swiftly changing requirements of their roles, thus
highlighting the urgency for effective talent development strategies (Whysall et al., 2019).
The dynamic nature of job functions, propelled by advancements in automation and digital
technologies, underscores the growing imperative for continuous reskilling and upskilling of
the existing workforce (Agarwal et al., 2022; Rangarajan & Rubasree, 2024; Sofia et al.,
2023).

The disruptions wrought by the COVID-19 pandemic have led to projections that, within five
years, half of the global workforce will require reskilling due to technological progress.
Moreover, it is projected that by the year 2025, a substantial portion of the essential skills will
encompass technological competencies that, at the time of the global pandemic outbreak,
were not considered critical (Schwab & Zahidi, 2020; Whiting, 2020). Consequently,
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organizations are compelled to strategically design their business models and meticulously
plan for the future skills landscape of their workforce (Sivalingam & Mansori, 2021).

The imperative for reskilling and upskilling in today's rapidly evolving labor market demands
that academic institutions adopt innovative educational methodologies. To remain aligned
with the swift pace of technological and societal transformation, schools and higher education
entities must enhance their agility and creativity, ensuring that their curricula are attuned to
the multifaceted needs of a diverse learner population (Bashynska et al., 2021; Fung, 2020;
Sivalingam & Mansori, 2021).

Essential competencies for the future workforce, such as complex problem-solving, active
learning, critical thinking, adaptability, creativity, and emotional intelligence, have been
recognized as the driving forces behind the future of work (Gray, 2016; Li, 2022; Schwab &
Zahidi, 2020; Whiting, 2020). The expanded discourse emphasizes the necessity for a
workforce that is not merely technically adept but also possesses the soft skills required to
successfully maneuver through the complexities introduced by Industry 4.0 and beyond (Li,
2022).

3. Methodology

To fulfill the objectives of our research, we employed a methodological framework centered
on text mining for textual analysis. Text mining is an automated process that extracts novel
information from textual data through computational techniques. This method leverages the
power of natural language processing to facilitate insight generation by quantifying term
frequencies, discerning patterns of word usage, and tracking emergent trends (Kumar &
Bhatia, 2013; Miller, 2008).

For our analysis, we utilized Voyant Tools, a free, open-source web-based software suite
endowed with sophisticated analytical functions for statistical examination of data. This
platform is equipped with diverse features that enable the exploration of contexts,
relationships, and content categorization. Its capacity for visual data representation enhances
our ability to detect patterns, making it a valuable asset for scholarly research (Alhudithi,
2021; Welsh, 2014).

Our research corpus comprised academic articles sourced from the WoS database, focusing
on the themes of reskilling and upskilling. We selected WoS due to its reputation as a
dependable and high-caliber repository for literature analysis. Initially, we queried the
database using the terms “reskilling AND upskilling” within titles, abstracts, or keywords,
yielding 116 results, including books, theses, and conference papers. To refine our focus on
articles directly addressing our research topics and to prime them for comprehensive analysis,
we filtered the results to “Document Type: article” and limited our scope to those published
in English, resulting in a selection of 79 articles.

The average citation count for these articles was 5.87 (SD = 14.74), with the most cited paper
garnering 120 citations, notably featuring both terms—reskilling and upskilling—in its title.
Upon review, we identified that 11 out of the 79 articles were restricted by private or
institutional access. Consequently, the final corpus for our analysis consisted of 68 academic
articles. We downloaded the PDF files of each article, assigning a sequential number to each.
In total, the corpus encompassed 722,846 words, with Voyant Tools identifying 53,051 as
unique (7.33%). The most extensive article contained 25,887 words, 5,651 of which were
unique, accounting for 22% of its content.
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4. Results

4.1 Term Frequency in the Corpus

Following data cleansing, which involved removing linking and stop words, we investigated
the frequency of appearance of different terms within the corpus. Notably, the term “skills”
emerged as the most prominent, with a count of 3,987, reflecting the focus on workforce
development in work environments.

Figure 1 illustrates the segmentation of popular terms based on their frequency. The
prevalence of terms such as “learning” and “education” with 2,100 and 1,949 occurrences
respectively, aligns with the narrative that continuous learning and educational advancement
are integral to HC advancement. The presence of terms like “industry,” “research,” and
“work” further indicates a comprehensive exploration of professional growth and skill
enhancement in response to industrial advancements.

The fluctuating trends depicted in the line graphs for each term suggest dynamic shifts in
research focus over time, possibly reflecting real-world events or technological
breakthroughs. Such trends may reveal how the academic community responds to changes in
skill requirements within the job market, highlighting areas of growing interest or
diminishing attention.

Figure 1: Frequency Segmentation of Popular Terms in the Corpus
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The term “skills” is intimately linked with fundamental concepts such as “knowledge,”
“development” and “workers,” a relationship that is visually articulated through the
Bubblelines in Figure 2. This graphical illustration not only underscores the term's prevalence
but also its pivotal role in fostering continuous learning and professional advancement amidst
technological progress and shifting industry paradigms. The visual data compellingly narrates
the term's prominence and its synergistic association with other key terms within the
scholarly corpus.

The Bubblelines provide a lucid portrayal of “skills” across diverse texts, with the bubble
sizes proportionately mirroring the term's frequency. The dispersion of bubbles along the
horizontal axes, each representing a distinct document, signifies the term's sustained
pertinence in dialogues concerning professional growth initiatives and the cultivation of new
abilities.
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Figure 2: Bubblelines lllustrating the Appearance of the Term “Skills” in the Corpus Documents
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In the corpus under examination, the term “upskilling” was mentioned a total of 741 times,
whereas “reskilling” was noted 704 times. The word cloud depicted in Figure 3 graphically
emphasizes the significance of these terms, with their larger font size denoting a more
frequent occurrence within the corpus. This word cloud functions as an analytical instrument
that distills the core themes and concepts of the corpus, facilitating the swift identification of
predominant topics.

Figure 3: Word Cloud
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4.2 Identifying Relationships Between Corpus Terms

Our analysis using Voyant Tools revealed that the articles specifically addressed HC skills
development through learning and training for reskilling or upskilling processes. Figure 4
delineates the intricate relationships between the terms “skills,” “reskilling” and “upskilling,”
highlighting the interconnected nature of these concepts.

The bidirectional arrows in the diagram suggest a reciprocal influence between "skills" and
the other terms, indicating that learning and development are both sources and outcomes of
reskilling and upskilling efforts. This interplay reflects the dynamic and cyclical nature of
skill enhancement in the modern workforce, where continuous improvement and adaptability
are paramount. The relationships depicted underscore the importance of a multifaceted
approach to HC development, one that encompasses a variety of educational and training
strategies to prepare the workforce for the evolving demands of the labor market.
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Figure 4: Relationships Between “Skills,” “Reskilling”” and “Upskilling”
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Further examination of the interrelationships between “reskilling” or “upskilling” and other
terms reveals a complex network of connections, as presented in Figures 5 and 6. These
figures illustrate the extensive reach of these key concepts within the corpus, demonstrating
their relevance to a wide array of topics including education, technology, employment, and
societal trends.

The diagrams underscore the multifaceted nature of “reskilling” and ‘“‘upskilling,”
highlighting their significance not only as standalone processes but also in their integration
with broader educational and economic systems. This expanded analysis provides a deeper
understanding of how these terms interact with other critical concepts, reflecting the
comprehensive scope of labor force advancement research.

Figure 5: Relationships Between the Term “Reskilling” and Other Terms in the Corpus
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Figure 6: Relationships Between the Term “Upskilling” and Other Terms in the Corpus
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In our analysis, we aimed to discern the internal relative trends in the usage of the terms
“skills,” “reskilling,” and “upskilling” within the texts. To encompass various word forms,
such as “skill,” “reskill,” and “upskilled,” we employed an expansive and unrestricted
filtering approach. This entailed searching for the root forms of the keywords “skil*,”
“upsk*,” and “resk*,” with the asterisk allowing for multiple potential word endings.

As depicted in Figure 7, the analysis reveals a general trend of these terms being mentioned
in conjunction. However, it is noteworthy that only a minority of papers attribute similar
frequency and emphasis to each term, indicating a nuanced approach to discussing these
concepts within the corpus.

Figure 7: The Ratio of the Terms “Skills,” “Reskilling” or “Upskilling” in the Corpus Documents
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It should be highlighted that the analytical tools did not uncover any robust correlations,
either positive or negative, among the terms frequently encountered within the corpus.
Nevertheless, upon examining pairs of correlated terms, notable positive statistical
associations emerged between the expansive term “skill*” and a selection of other terms.
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These include “learning” (r=0.49, p<0.001), “education” (r=0.36, p<0.001), and “industry”
(r=0.31, p<0.001). Notably, these terms are among those most prevalent in the corpus,
indicating their significant relevance to the discourse on skill development.

4.3 Sentiment Analysis for the Corpus

Utilizing Voyant Tools for sentiment analysis, we observed a significant prevalence of
positive sentiments within the corpus, with a total of 20,276 instances, in stark contrast to the
7,600 instances of negative sentiments. This disparity underscores a generally optimistic tone
in the discourse of the texts. Intriguingly, a solitary article diverged from this trend,
displaying a higher incidence of negative sentiments, an anomaly that merits further
qualitative scrutiny.

Figure 8 graphically represents these findings, offering a visual summary of the emotional
tone conveyed across the corpus. The sentiment analysis, as illustrated, offers an insightful
perspective on the dominant narrative tone within the scholarly discussions captured in the
corpus.

Figure 8: Sentiment Analysis for the Corpus
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5. Conclusions and Future Directions

The Fourth Industrial Revolution, characterized by the integration of digital technologies into
all aspects of human life, has catalyzed a transformative shift in the global economy and labor
market. The COVID-19 pandemic has further accelerated this transition, underscoring the
urgency for a workforce that is adaptable, resilient, and equipped with the necessary skills to
thrive in an increasingly digitalized world. Our findings indicate that reskilling and upskilling
are not merely beneficial but essential strategies for organizations aiming to attract and retain
talent, as well as to sustain competitiveness in a rapidly evolving work environment.

The current study, while exploratory, has initiated an inquiry into the automated text analysis
of a corpus of academic articles centered on HC development, with a particular focus on
reskilling and upskilling. This investigation represents a foundational step in discerning
trends and patterns pertinent to these topics. Future studies could benefit from expanding the
sample size and potentially enhancing the findings through meta-analysis, thereby enriching
our comprehension of the phenomenon under study. Moreover, given the predominantly
positive sentiments identified within the sample of academic articles, it is advisable to
explore the challenges associated with skill mapping. Such exploration could serve as an
initial phase in the development and refinement of skills within organizations.
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Policymakers, by virtue of their position, are instrumental in fostering an environment that is
conducive to reskilling and upskilling. They can expedite this process through strategic
collaborations with educational institutions and employers, thereby ensuring that the skills
imparted align seamlessly with the demands of the future economy. Educators, bearing the
significant responsibility of equipping individuals for the future workforce, have the
opportunity to harness innovative pedagogical approaches and state-of-the-art technologies to
deliver impactful training. It would be judicious for them to integrate into their curriculum
initiatives aimed not only at cultivating digital literacy but also a capacity for agility,
creativity, and resilience.

Employers, who have a vested interest in cultivating a skilled and adaptable workforce, can
bolster reskilling and upskilling initiatives through a three-pronged approach. Firstly, they
can invest in comprehensive employee training and development programs. Secondly, they
can foster a corporate culture that prizes continuous learning and skill development. Lastly,
they can implement robust strategies to attract and retain talent, which may include providing
avenues for career progression and acknowledging employees' efforts to enhance their skills.
This holistic approach ensures a smooth transition into the future of work.

The formulation of concrete, practical programs for reskilling and upskilling processes
appears to warrant further scholarly attention. We advocate for this matter to be pursued in
collaboration with professionals specializing in organizational learning and development.
Advancements in this area could contribute significantly to the theoretical expansion of the
HC discipline. Equally important, contemporary empirical research is essential to underpin
the establishment of specific practices for organizations aiming to devise effective strategies
for reskilling and upskilling, integral to the successful navigation of career pathways.

Additional avenues for future research may include a deeper investigation into the specific
skills that will be most valuable in the future economy, as well as the most effective methods
for delivering reskilling and upskilling training. Additionally, research could explore the
psychological and social aspects of workforce transformation, such as employee motivation
and the impact of continuous learning on job satisfaction and career progression. Ultimately,
advancing our understanding of these areas will be crucial for developing robust strategies to
navigate the challenges and opportunities presented by the Digital Revolution.
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