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Abstract 

 
As Smart Technology, Artificial Intelligence, Robotics, and Algorithms (STARA) are becoming increasingly prevalent in 
work environments, significant transformations are occurring in employment relations, as well as in the methods and 
tools used to complete tasks. These transformations are also redefining the skills and competencies that employees are 
anticipated to acquire. This article focuses on middle-skilled workers, whose jobs represent a substantial portion of labor 
demand in global markets, making their availability crucial for economic development. Given their heightened 
vulnerability to the widespread adoption of STARA, upskilling and reskilling initiatives are essential for sustaining their 
health, productivity, and well-being. Based on sustainable career ecosystem theory, this overview presents the literature 
on upskilling, which enhances existing skills, and reskilling, which involves acquiring new ones, both of which are crucial 
elements of human resource development. It also presents the methods, approaches, and challenges within these areas, 
offering recommendations for upskilling and reskilling processes at the individual, organizational, and societal levels to 
provide career sustainability. 
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Akıllı Teknoloji, Yapay Zekâ, Robotik ve Algoritmalar (STARA) Çağında Orta Düzey Becerili 
Çalışanlar için Sürdürülebilir Kariyer: Beceri Geliştirme ve Yeni Beceri Kazanmaya Yönelik 

Genel Bir Bakış 
Özet 

 
Akıllı Teknoloji, Yapay Zekâ, Robotik ve Algoritmaların (STARA) iş ortamlarında giderek daha yaygın hale gelmesiyle 
birlikte, iş ilişkilerinde ve görevlerin yerine getirilmesinde kullanılan yöntemler ve araçlarda önemli değişimler 
yaşanmaktadır. Bu değişimler, aynı zamanda çalışanlardan beklenen beceri ve yeterlilikleri de dönüştürmektedir. Bu 
inceleme, küresel pazarlarda işgücü talebinin önemli bir kısmını karşılayan ve ekonomik kalkınma için kritik öneme sahip 
olan orta düzey becerilere sahip çalışanları ele almaktadır. STARA’nın yaygın şekilde benimsenmesine karşı daha hassas 
konumda olan bu çalışanların sağlık, verimlilik ve refahlarının sürdürülebilmesi için beceri geliştirme (upskilling) ve yeni 
beceri kazanma (reskilling) girişimleri büyük önem taşımaktadır. Sürdürülebilir kariyer ekosistemi teorisi temelinde bu 
incelemede, insan kaynakları geliştirmenin önemli bileşenleri haline gelen beceri geliştirme ile yeni beceri kazanmaya 
ilişkin literatür gözden geçirilerek  bu alanlardaki yöntemler, yaklaşımlar ve karşılaşılan zorluklar tartışılmıştır. Ayrıca, 
kariyer  sürdürülebilirliği için bireysel, organizasyonel ve toplumsal düzeyde beceri geliştirme ve yeni beceri kazanma 
süreçlerine yönelik öneriler sunulmuştur. 

Anahtar kelimeler: STARA, sürdürülebilir kariyer, beceri geliştirme, yeni beceri kazanma, insan kaynakları geliştirme 
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1. INTRODUCTION 

The integration of digitalization and robotics 
into the workplace is recognized as the fourth 
stage of the Industrial Revolution (IR 4.0). IR 
4.0 has significantly influenced organizational 
operations while also changing labor markets 
and national economies on a larger scale. In 
many industries, existing jobs have 
disappeared, giving rise to new roles, 
professions, and sectors (Brynjolfsson & 
McAfee, 2014). Over the next 50 years, it is 
predicted that every job will involve some 
form of robotics or artificial intelligence (Frey 
& Osborne, 2017). The concept of STARA, 
encompassing “Smart Technology, Artificial 
Intelligence, Robotics, and Algorithms”, has the 
potential to influence every profession that 
intersects with technology (Brougham & Haar, 
2018). STARA is expected to lead to 
transformative changes in professions that still 
exist, necessitating workers to acquire new 
skills. As a result, developments in IR 4.0 have 
begun to profoundly affect individuals' career 
experiences (Hirschi, 2018). In increasingly 
dynamic and uncertain labor markets, career 
shocks have become more prevalent 
(Akkermans et al., 2018). To understand 
contemporary careers, Donald et al. (2024) 
introduced the perspective of sustainable 
career ecosystems. This conceptual framework 
aims to explain how individuals can sustain 
their careers in the face of rapid developments 
brought by the digital era. 

Organizations are more reliant on technology 
for operation and competition both locally and 
internationally. Thus, Human Resource 
Development (HRD) has launched initiatives to 
cultivate competent personnel to current and 
future technological advancements for many 
skill levels (Germain, 2020). Middle-skilled 
workers refer to individuals who typically hold 
a vocational high school diploma or a two-year 
associate degree and possess technical skills. 
Globally, middle-skilled jobs constitute a 
significant portion of labor demand. In Turkey, 
as of 2024, certain sectors have reported a 
shortage of skilled intermediaries, with many 

companies operating with insufficient staff due 
to recruitment challenges (NTV, 2024). 
Moreover, middle-skilled workers serve as a 
bridge between high-skill and low-skill jobs, 
making them a critical component of economic 
development (Li, 2024). These workers are 
employed not only in blue-collar industries but 
also in administrative roles, highlighting their 
importance in both the manufacturing and 
service sectors. For associate degree 
graduates, upskilling and reskilling are 
expected to become increasingly prominent, as 
AI and robotics adapt more efficiently to 
routine and repetitive tasks (Vadie & Liptak, 
2023). Notably, STARA does not affect low-
skilled jobs (Brougham & Haar, 2018). 
Furthermore, the rise of STARA may lead to an 
increase in high-skill and low-skill jobs while 
reducing middle-skill jobs, a phenomenon 
known as job polarization. This trend presents 
a significant challenge for individuals pursuing 
careers in middle-skill positions, necessitating 
new career strategies. In this context, the 
growing adoption of AI in workplaces has 
elevated the importance of reskilling and 
upskilling (Ramachandran et al., 2024). 
Reskilling refers to transforming employees' 
skill sets to meet emerging needs, while 
upskilling involves acquiring new skills to 
adapt to ongoing and future changes. These 
processes are critical not only for 
organizations but also for the development of 
a country's human capital, particularly from a 
human resource management (HRM) 
perspective (Jaiswal et al., 2022). As STARA 
continues to expand, the gap between the 
skills employers requires and those available 
in the labor market has widened. According to 
projections by the World Economic Forum 
(2021), upskilling could contribute to positive 
employment trends by 2030. 

The transformation in the careers of middle-
skilled workers, who are most affected by the 
changes brought about by the widespread 
adoption of STARA, has become an important 
issue. Sustainable career ecosystem theory 
offers a wide range of practical applications for 
many vocational and career areas, including 
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the groups of employees or graduates (Donald 
et al., 2023). Donald et al. (2024) further 
recommended that the model be explored 
across diverse contexts. Hence, there is a 
requirement for assessments and 
recommendations that are specifically 
designed for individuals in middle-skilled 
positions and associate degree graduates. 
Specifically, the article considers upskilling 
and reskilling as micro-level components of 
the sustainable career ecosystem theory 
(Donald et al., 2024). In this context, the 
overview will address how upskilling and 
reskilling can be beneficial for middle-skilled 
workers from the perspective of the 
sustainable career ecosystem theory, focusing 
on individual, organizational, and social levels. 
This article also seeks to explore the 
challenges in this area and provide 
recommendations. 

2.  LITERATURE REVIEW 

2.1. Smart Technology, Artificial 
Intelligence, Robotics, and Algorithms 
(Stara) And Employment 

Interest in AI has experienced substantial 
growth in the years following Stephen 
Hawking's declaration that it is “the best or 
worst thing to happen to humanity” (University 
of Cambridge, 2016). As technological 
advancements and digitalization continue to 
reshape workplaces, their influence extends 
far beyond the professional sphere, affecting 
society as a whole. Various terms have been 
used to categorize these digital elements in the 
workplace, including “Robotics, Artificial 
Intelligence, and Automation (RAIA)” 
(Bharhava et al., 2021); “Smart Technology, 
“Artificial Intelligence, Automation, Robotics, 
and Algorithms (STAARA)” (Zhang & Jin, 2023); 
and “Smart Technology, Artificial Intelligence, 
Robotics, and Algorithms (STARA)” 
(Broougham & Haar, 2018). Among these, 
STARA awareness has received particular 
attention in studies on employees across 
different industries. Some scholars argue that 
as STARA continues to evolve, it may not only 
replace human labor but also become 

increasingly complex, surpassing human 
comprehension (Fast & Horvitz, 2017). A 
growing body of research suggests that 
negative perceptions of STARA awareness can 
have detrimental effects on employee 
attitudes. For instance, Hur and Shin (2024) 
highlight its negative impact on proactive 
performance among service sector employees, 
while Gerçek et al. (2024) emphasize its 
moderating role in the relationship between 
employee resilience and job crafting. 
Additionally, several studies have linked 
STARA to job insecurity across various 
industries (Koo et al., 2021; Yücel Başer et al., 
2025). 

Smart technologies, a key component of 
STARA, encompass intelligent systems 
equipped with sensors, control algorithms, and 
control hardware, enabling them to collect 
data, derive meaningful insights, and drive 
changes accordingly (Goddard et al., 1997). 
According to Silverio-Fernandez et al. 
(2018:8), a smart device is defined as “a 
context-aware electronic device capable of 
performing autonomous computing and 
connecting to other devices wire or wirelessly 
for data exchange.” In workplaces, smart 
technologies facilitate data transmission via 
the internet, allowing them to perform various 
tasks efficiently. AI refers to systems and 
algorithms designed to mimic human 
intelligence and cognitive functions such as 
problem-solving, learning, reasoning, 
perception, and decision-making (Wang, 2019; 
Zhang & Lu, 2021). The integration of big data 
into decision-making processes has further 
accelerated the adoption of AI in workplaces 
(Brynjolfsson & McAfee, 2017). In the 
manufacturing sector, AI is increasingly 
utilized across a wide range of processes, from 
error detection (Salehi et al., 2018) to 
customer analytics (Huang & Rust, 2022). It is 
particularly effective in handling repetitive 
tasks, enhancing efficiency and accuracy in 
various operational domains (Regona et al., 
2022). 
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Robotics is recognized as a scientific field 
dedicated to synthetic machines that 
incorporate elements of AI (Koditschek, 2020). 
Robots, designed to replicate human skills, 
have become widely integrated into both the 
manufacturing and service sectors. 
Automation, on the other hand, focuses on 
designing structured environments that 
enhance the efficiency, productivity, and 
overall effectiveness of systems. It also 
encompasses robotic technologies, meaning 
that once a task becomes automatable, human 
involvement is no longer necessary. The 
impact of automation on employment was first 
predicted in the 1970s, with concerns that the 
increasing use of technological tools, 
particularly due to their productivity-
enhancing effects, could lead to job 
displacement (Borodin & Gotlieb, 1972). As 
anticipated, automation has driven large-scale 
layoffs in modern companies (Reuters, 2024). 
Beyond automation, algorithms also play a 
crucial role in shaping employment. Machine 
learning algorithms are now widely used to 
process and extract insights from large 
datasets, enabling tasks to be completed more 
quickly and with fewer errors (Faraj et al., 
2018). Algorithms function as structured rule 
sets designed for specific tasks. They are 
particularly effective in handling routine 
operations and have become a key component 
of STARA, influencing decision-making, 
marketing, HRM, and manufacturing within 
organizations (Burrell & Fourcade, 2021). 
Given their ability to analyze big data, 
algorithms serve as essential analytical tools. 
Moreover, as they continue to digitize labor 
markets, they are reshaping interactions 
between employers and employees by 
regulating employment processes through 
digital platforms (Horton, 2017). While the full 
extent of future developments remains 
uncertain, there is little doubt that STARA will 
have a profound impact on organizational 
structures and career trajectories. In this 
context, employees’ perceptions of STARA are 
particularly significant, as they may face the 

risk of job transformation or even 
displacement (Brougham & Haar, 2017). 

STARA awareness can function as a work 
stressor, as it may lead employees to 
experience anxiety about the impact of 
technological advancements on employment 
(Ding, 2021). This is due to the potential for 
STARA awareness to induce tension associated 
with future job security. Moreover, STARA has 
contributed to the rise of non-standard 
employment forms, such as temporary work, 
zero-hour contracts, and freelance work 
(Leitner & Sabouniha, 2024), which can 
further heighten perceptions of job insecurity. 
Negative attitudes toward STARA have been 
linked to increased turnover intention among 
service sector employees (Yücel Başer et al., 
2025). From a challenge-hindrance 
perspective, STARA can act as a hindrance 
stressor, increasing employees’ tendency 
toward job crafting (Kang et al., 2023). 
However, when employees perceive STARA as 
a challenge rather than a threat, they are more 
likely to develop a positive stress mindset 
(Yang & Jiang, 2024). In other words, while 
concerns about STARA are understandable, 
they can also serve as a motivating force, 
prompting individuals to take proactive steps 
in response to potential scenarios. Some 
scholars argue that STARA will not eliminate 
professions but will instead transform the 
nature of tasks within them (Chui et al., 2015). 
In this sense, jobs will not disappear but will 
undergo changes in how they are performed. 
Accordingly, employees can adapt to these 
transformations by continuously updating 
their skills (Pandey & Dhand, 2024). From the 
perspective of work adjustment theory, 
employees must exhibit proactive behaviors to 
align with changing work environments (Wang 
et al., 2022). As a result, upskilling and 
reskilling have become essential career 
strategies in response to job transformations 
(Gooptu et al., 2022). In this regard, STARA can 
also be viewed as an opportunity for career 
development from employees' perspectives 
(Tan et al., 2023). 
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2.2. Dynamic Skills and Sustainable Careers 
in the Era of Stara  

Jaiswal et al. (2022) draw upon dynamic skill 
theory (Fischer & Yan, 2018) to highlight the 
necessity of upskilling. This theory suggests 
that an individual's skills are influenced by 
their contextual, cognitive, and emotional 
states, emphasizing that periods of hardship 
play a crucial role in skill development. From 
this perspective, the unexpected and 
challenging effects of STARA on labor markets 
can become key factors in shaping individuals' 
skill growth. These effects can pose both a 
threat and an opportunity for employees in 
their pursuit of sustainable careers (Ahmad & 
Bilal, 2024). A sustainable career is defined as 
“the sequence of an individual's different career 
experiences, reflected through a variety of 
patterns of continuity over time, crossing 
several social spaces, and characterized by 
individual agency, herewith providing meaning 
to the individual” (Van der Heijden & De Vos, 
2015:7). Thus, sustainable careers focus not 
only on job success but also on well-being 
across different areas of life. It is 
recommended that career success be 
evaluated not solely through traditional 
measures such as financial achievement or 
promotions but from a sustainability 
perspective. This perspective expands the 
career concept beyond individual factors, 
placing it within a broader framework. 
Building on this idea, Donald et al. (2024) 
integrated the concepts of sustainable careers 
and career ecosystem theory to develop the 
“sustainable career ecosystem theory.” This 
framework examines how individual careers 
evolve within the interconnected interactions 
of various stakeholders while considering 
individual, organizational, and societal well-
being. The sustainable career ecosystem is 
dynamic, incorporating interrelated actors 
that continuously influence one another. 

The key components of a sustainable career 
are health, happiness, and productivity (De 
Vos et al., 2020). A career must align with an 
individual’s physical and mental capacities to 

be sustainable. When job demands exceed an 
individual’s physical or mental capacity, it can 
lead to negative consequences such as pain, 
illness, stress, anxiety, and depression 
(Almroth et al., 2021; De Vries et al., 2016; 
Park et al., 2021). Therefore, health is the 
primary factor in sustaining a long-term 
career. Another essential component is the 
happiness a career provides. While happiness 
reflects an individual’s overall satisfaction 
with their career, it encompasses a broader 
understanding of well-being compared to 
concepts like career satisfaction or career 
success. In the context of sustainable careers, 
happiness is associated with the alignment 
between personal values and career choices, 
the extent to which career expectations are 
met, opportunities for personal growth, and 
maintaining a work-life balance. Productivity, 
the third component, relates to an individual’s 
contributions within their organization and 
their employability in both current and future 
job markets (Van der Heijden et al., 2020). In 
other words, productivity is a dynamic concept 
that reflects an individual's ability to utilize 
and enhance their knowledge and skills to 
reach their full potential. 

Since STARA disrupts the concept of stable 
employment, the sustainable career approach, 
which emphasizes career continuity, offers a 
valuable framework for individuals (Staccioli 
& Virgillito, 2021). The sustainable career 
ecosystem perspective highlights that careers 
are not shaped solely by individual factors, nor 
should they be developed based on universally 
accepted standards. Given that health and 
happiness are also key elements, this approach 
addresses both individual and societal well-
being. In a world where technology is 
constantly evolving, learning processes have 
become increasingly important. Today, 
learning agility has emerged as a crucial factor 
in identifying high-potential employees (Dries 
et al., 2012; Smith & Watkins, 2024). Defined 
as the “willingness and ability to learn new 
competencies in order to perform under first-
time, tough, or different conditions” (Lombardo 
& Eichinger, 2000: 323), learning agility plays 
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a vital role in adapting to STARA. As STARA 
continuously reshapes work environments in 
unpredictable ways and accelerates the flow of 
new knowledge, employees at all career stages 
must continuously engage in learning. In this 
era, learning agility is a highly desirable trait in 
organizations where talent is considered a 
strategic competitive advantage. It enables 
employees to perform tasks effectively under 
complex conditions, collaborate with diverse 
individuals, remain open to new experiences, 
and achieve results (Dries et al., 2012). 
However, in organizational settings, new 
knowledge can render previous information 
obsolete. In response, unlearning, which is the 
process of letting go of outdated knowledge to 
adapt to external changes, has become a 
critical concept (Tsang & Zahra, 2008). 
Unlearning can occur at individual, team, and 
organizational levels (Watkins & Marsick, 
2003) and involves replacing outdated 
systems, processes, and information with new 
ones. This process contributes to knowledge 
development and enhances adaptability (Kim 
& Park, 2021). As a result, in the STARA era, 
learning, unlearning, and relearning have 
become essential concepts for the workforce 
(Nankervis & Cameron, 2023). These 
processes play a key role in the productivity 
aspect of sustainable careers by enabling 
employees to develop their full potential. 

Employability, as defined by Rothwell and 
Arnold (2007: 25), is “the ability of an 
individual to enter the job they desire or 
continue working in their current job.” The 
concept of employability has gained 
importance not only in the labor market but 
also in the provision of career opportunities 
both within and outside organizational 
boundaries. McQuaid and Lindsay (2005: 208), 
examined the factors influencing employability 
across three dimensions: individual factors, 
personal circumstances, and external factors. 
Individual factors relate to the level of 
knowledge, skills, and abilities an individual 
possesses, as well as their work experience 
and how transferable these attributes are 
across different jobs. The extensive 

implementation of STARA has emerged as a 
crucial determinant affecting both the 
persistence of employment within an 
organization and transferring to another 
organization, owing to the changes it 
introduces to job processes. Studies have 
shown that STARA awareness increases 
employees' intentions to leave their jobs 
(Brougham & Haar, 2017), negatively affects 
their job commitment (Yücel Başer et al., 
2025), and reduces their well-being 
(Oosthuizen, 2019). Bhargava et al. (2020) 
revealed in their qualitative study that RAIA 
technologies cannot replace the human touch 
and soft skills, and employees do not share the 
same attitudes toward RAIA due to their 
different characteristics. Conversely, not all 
employees perceive these technologies as a 
threat. Therefore, it is challenging to present a 
universal approach to the influence of STARA 
on employees' careers since differences exist 
on variables such as sector, organizational 
scale, and position level. In this regard, 
focusing on a particular aspect when 
examining the relationship between STARA 
and career may lead to more practical and 
insightful results. 

2.3. Upskilling and Reskilling for Middle-
Skilled Workers  

The widespread adoption of STARA has led to 
revolutionary changes in work environments. 
Both the way tasks are carried out and the 
actors performing them have undergone 
transformations. Moreover, the use of robots 
in low-level jobs has resulted in significant 
layoffs (Pham et al., 2018). These 
developments have become a major topic of 
discussion in theory and practice, with 
research focusing on how human-technology 
integration can be made more humane for 
sustainable employment (Caliendo & Podolan, 
2024; Rantanen et al., 2024). Some propose 
that automation will assume lower-level duties 
from people, but management responsibilities 
will be assigned to humans. This transition 
may prioritize conceptual skills like 
perception, creativity, and social intelligence 
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(Podgórska-Rakiel & Unterschütz, 2020). Since 
routine and repetitive tasks are the easiest to 
be transformed by STARA, middle-skilled 
workers are considered a significant group at 
risk of job loss or at least undergoing 
significant changes in their roles (Jacobs, 
2024). Middle-skilled workers refer to 
individuals with “more than a high school 
diploma but less than a bachelor's degree” 
(Holzer & Lerman, 2017). These workers are 
typically skilled blue-collar workers who 
possess control and optimization power in 
production or service processes (Colombari & 
Neirotti, 2021). It is highly anticipated that 
some job tasks will be reformed, diminished, 
or eliminated, necessitating upskilling and 
reskilling to equip the current workforce to be 
more innovative in addressing the demands of 
Industry 4.0 (Li, 2020). To adapt to evolving 
employment and work environments, people 
must enhance their abilities. Therefore, for a 
future-ready workforce, it is essential to 
consider upskilling and reskilling, not only to 
guarantee employability but also to advance in 
their careers. 

Upskilling refers to the process of employees 
developing new skills within the scope of their 
current job responsibilities (Li, 2024: 1706). In 
other words, upskilling involves increasing 
employees' skills through training and 
development in a way that allows them to 
adapt to changing job demands and 
technological advancements. It becomes 
particularly important when existing jobs are 
being performed differently, and it helps 
organizations fill skill gaps and increase 
productivity. The skill gap is defined as the 
mismatch between the skills employers 
require and those available in the workforce 
(Buckley et al., 2024). Furthermore, upskilling 
can be considered a critical resource for 
enabling employees to continue performing 
their current roles and contribute to retention. 
The elements of upskilling include continuous 
learning (Chauhan et al., 2024), adaptability, 
and skill development (Sawant et al., 2022). 
Upskilling requires a combination of both 
organizational and individual efforts 

(Vranceanu et al., 2021). To have a successful 
upskilling process, an organization must 
develop a culture focused on learning 
organizations and human capital development. 
Systematic efforts, such as adopting skill 
development programs and collaborating with 
educational institutions, are also essential for 
upskilling (Li, 2020). Organizational training 
approaches used for upskilling include 
industry-specific training programs (Pegrum 
et al., 2012), virtual reality tools (Gasteiger et 
al., 2021), AI-assisted training programs 
(Ramachandran et al., 2024), and personalized 
training programs (Fraile et al., 2023). 
Germain (2020) demonstrated that 
millennials, while mentoring older employees, 
simultaneously enhance their skills, and older 
employees gain new skills, thus being 
upskilled. Buckley et al. (2024) proposed 
microlearning techniques, personalized 
learning, flexible learning, mentoring, peer 
support, rewards, and recognition for 
upskilling, emphasizing that the process must 
be measured. Moreover, the concept of just-in-
time learning suggests that acquiring new 
skills can be long-term, highlighting the 
importance of agility in terms of speed and 
flexibility in upskilling. 

Reskilling refers to the acquisition of entirely 
new competencies beyond one's existing job 
domain, typically undertaken with the 
objective of transitioning to a different 
profession or sector (Sawant et al., 2022). 
Unlike upskilling, reskilling involves 
employees striving to acquire the knowledge 
and skills necessary for entirely new job roles 
(Li, 2024). Just as upskilling helps fill skill gaps 
and ensures organizational continuity, 
reskilling also enables individuals to adapt to 
changing job roles, supporting their transition 
to new career paths (Pillans, 2024). Reskilling 
efforts are particularly prevalent in sectors 
like information technology, where there is a 
constant demand for various skills to meet 
industry needs (Samuvel & Gilsha, 2023). On 
the other hand, industries such as 
manufacturing, transportation, and retail, 
which are dominated by repetitive, routine 
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tasks, are considered particularly suitable for 
automation. In these fields, reskilling for 
middle-skilled workers is considered a priority 
(Li, 2024). Reskilling, similar to upskilling, 
involves coordinated efforts from both 
organizations and individuals. Callan et al. 
(2021) identified several “reskilling 
interventions,” including large firm and 
supplier programs, open access programs, and 
customized initiatives. The study found that 
employees preferred more informal, fast, and 
practical approaches. Other methods include 
collaborative learning (Simões et al., 2021), 
work-integrated learning (Rangraz & Pareto, 
2021), and online training (McKay & Izard, 
2014). In Leon's (2023) study, focusing on 
firms in the petroleum products sector, the 
best tools for reskilling and upskilling were 
identified as “teamwork, online communities of 
practice, and enterprise social networks.” In this 
context, both upskilling and reskilling, unlike 
traditional HRD practices, require more 
personalized, collaborative learning 
approaches. They also need to be less formal, 
long-term development-focused, and agile, 
reflecting the evolving demands of the 
workforce. 

Middle-skilled workers are among the 
employee groups most affected by STARA-
based changes (Wang et al., 2023), and 
upskilling and reskilling have the potential to 
help them respond to these transformations. 
Examining upskilling and reskilling for middle-
skilled workers from the perspective of 
sustainable career ecosystem theory could 
involve individual, organizational, 
governmental, and professional association 
roles (Donald et al., 2024). From the self-
determination perspective, the skills acquired 
through upskilling and reskilling can meet 
individuals' needs for autonomy, competence, 
and relatedness (Ryan & Deci, 2000). These 
skills, along with the potential to transition 
into new job roles, can enhance intrinsic 
motivation, positively influence workplace 
attitudes and behaviors, and also impact long-
term well-being. Moreover, to ensure job 
security, middle-skilled workers need to 

acquire new skills that can be applied in both 
their current responsibilities and potential 
new roles. This ongoing professional 
development process through reskilling can 
facilitate workers' ability to find jobs in 
different areas. Upskilling, on the other hand, 
can enhance job security by enabling workers 
to maintain continuity in their current roles 
(Li, 2024). Both upskilling and reskilling 
contribute to a sustainable career for middle-
skilled workers. Additionally, these processes 
give employees a competitive advantage in the 
labor market. By adapting to changes, their 
organizational role mobility and potential 
inter-organizational or inter-sector mobility 
may increase, thereby enhancing their 
adaptability (Brown & Bimrose, 2011). 
Increasing STARA knowledge can also improve 
their openness to development in this area. As 
digitalization within organizations expands, it 
leads to rapid transformation and the 
emergence of a digital organizational culture 
(Gerçek & Özveren, 2024). For instance, 
Ahmed and Bilal (2024) demonstrated that AI 
knowledge increases person-job fit, thereby 
enhancing career sustainability. Acquiring 
understanding about STARA, fostering positive 
attitudes, and absorbing its applications within 
the organization are helpful strategies.  

Upskilling and reskilling at the organizational 
level enable employees to adapt to 
transformed job roles, fostering a more agile 
workforce (Hasan et al., 2024). Additionally, 
upskilling and reskilling foster the 
development of a more qualified talent pool by 
increasing employees' skills (Asiedu & 
Tenakwah, 2025). On the other hand, the 
psychological effects of individual 
development can increase workforce 
engagement levels, thereby contributing to 
retention. Collaborative learning and 
teamwork, which are often used in upskilling 
and reskilling processes, strengthen internal 
communication and promote a culture of 
knowledge sharing within the organization 
(Hasan et al., 2024; Leon, 2023). This, in turn, 
can contribute to creating an innovation-
friendly atmosphere in the long term. 



 

62 

Upskilling and reskilling can contribute to 
reducing unemployment rates by ensuring the 
job security of middle-skilled workers in their 
current roles or facilitating their transition to 
new job roles, thereby generating societal 
benefits. In this context, a workforce prepared 
for the transformations or newly emerging 
jobs linked to STARA-driven changes can be 
expected (Li, 2024). This, in turn, will enable 
individuals to remain employed while 
maintaining their physical and mental health 
(Oluwajinmi & Adekomaya, 2023). Moreover, 
as upskilling and reskilling processes are also 
used to acquire green skills, they can 
contribute to sustainable development goals 
(Bishnoi & Rai, 2022). Research indicates a 
simultaneous rising need for medium-skilled 
workers, including positions such as 
technicians for renewable energy installations 
(Chun, 2024). In this context, upskilling and 
reskilling will continue to be important 
processes in the environmental dimension of 
sustainability. 

 

3. DISCUSSION AND 
RECOMMENDATIONS 

This study explores how upskilling and 
reskilling can support middle-skilled workers 
by increasing their existing knowledge within 
the framework of sustainable career 
ecosystem theory while also addressing the 
challenges involved. Upskilling and reskilling 
are vital processes within the domain of HRD 
and are essential for developing an agile 
workforce (Jamal et al., 2024). However, there 
remains no consensus on the precise scope of 
these processes or who should be responsible 
for them. Building on the sustainable career 
ecosystem theory, this study highlights the 
need for upskilling and reskilling initiatives to 
involve coordinated efforts at individual, 
organizational, and societal levels. Research on 
upskilling and reskilling also focuses on the 
methods through which these processes 
should be conducted and the educational 
strategies to be incorporated. For instance, 
Vrabceanu and Sutan (2020) raised the crucial 

question of who should bear the responsibility 
for upskilling. From a contract theory 
perspective, their study highlights the 
significant issue of whether the responsibility 
for upskilling lies with the employee or the 
organization. While organizations can design 
upskilling and reskilling programs, their 
successful implementation hinges on the 
adequacy of organizational culture, knowledge 
sharing, and coordination. A skilling program 
is defined by clearly articulating the 
importance of reskilling and upskilling, as well 
as comparing existing competencies with the 
new skills required (Li, 2024). Therefore, 
conducting skill-gap analyses should be the 
first step, carried out by qualified analysts and 
in a systematic manner. One of the main 
barriers to effective upskilling and reskilling is 
identified as inadequate HR infrastructure 
within organizations (Li, 2024). In other 
words, for these programs to succeed, HR 
structures must be fit for purpose, and HR 
experts must possess the necessary expertise. 
Moreover, for skilling programs to be effective, 
organizations must cultivate a digital 
organizational culture (Gerçek & Özveren, 
2024), which enables a more rapid response to 
STARA-driven skill needs. Jamal et al. (2024) 
demonstrated that employees' technology 
acceptance and readiness for change prior to a 
skilling program positively influence the 
program’s implementation. Consequently, 
organizational culture and HR practices are 
pivotal to the success of skilling programs. 
Furthermore, given the impact of STARA on 
HR roles and functions (Nankervis & Cameron, 
2022), it is essential that HR departments 
undergo their own transformation. Thus, HR 
itself must integrate upskilling and reskilling 
into its own structure. 

Various tools are employed in organizations 
for upskilling and reskilling initiatives. For 
upskilling, sector-specific training programs 
(Pegrum et al., 2012), virtual reality tools 
(Gasteiger et al., 2021), AI-supported training 
(Ramachandran et al., 2024), personalized 
programs (Fraile et al., 2023), and approaches 
such as microlearning, flexible learning, 
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mentoring, peer support, and rewards 
(Buckley et al., 2024) are utilized. For 
reskilling, effective tools include collaborative 
learning (Simões et al., 2021), work-integrated 
learning (Rangraz & Pareto, 2021), online 
training (McKay & Izard, 2014), and tools like 
teamwork, online communities of practice, and 
enterprise social networks in the oil industry 
(Leon, 2023). In addition to these methods, 
digital skilling (Mendoza-Chan & Pee, 2024) 
and designing skill-based systems (Nair et al., 
2023) could also be used. 

Governments play a crucial role in mitigating 
the impact of STARA on employment by 
implementing strategies that promote 
workforce reskilling and upskilling. These 
initiatives support workers affected by AI-
driven automation, facilitating their transition 
into new job roles (Parwani et al., 2024). Li 
(2020) highlights the importance of 
collaboration between higher education 
institutions, government agencies, and 
businesses to enhance reskilling and upskilling 
efforts. To align vocational high schools and 
associate degree programs with the demands 
of the STARA era, curricular revisions should 
emphasize flexible, application-based content 
and training methods that reflect the evolving 
technological landscape. Such updates would 
better prepare students for the changing job 
market (Padmaja & Mukul, 2021). In addition, 
government-supported apprenticeship, 
internship and training programs could 
provide students with valuable, work-based 
learning experiences that could lead to 
acquiring essential career resources (Özer & 
Suna, 2022). Free courses offered through e-
government platforms could further expand 
access to digital education, strengthening 
upskilling and reskilling efforts. Collaborative 
educational modules developed through 
partnerships between governments and 
industry sectors would also contribute to these 
initiatives. There is a growing consensus that 
the responsibility for upskilling and reskilling 
should not rest solely on organizations or 
governments but should instead be shared 
among multiple stakeholders (Vinayan et al., 

2020). In this regard, professional chambers, 
trade unions, and universities could work 
together to design training programs that 
benefit all middle-skilled workers, including 
those entering the labor market, fostering 
tangible workforce improvements. At the 
individual level, adopting a mindset of 
continuous learning, unlearning, and 
relearning is essential for effective upskilling 
and reskilling strategies (Nankervis & 
Cameron, 2023). Recognizing skill 
development as a lifelong process, employees 
are encouraged to stay informed about 
industry trends, engage in professional 
networking, and seek external training 
opportunities to enhance their career 
prospects. Additionally, self-directed practices 
such as conducting SWOT analyses, career 
planning, and envisioning future work selves 
can be recommended as practical tools for 
advancing sustainable careers. 

This study examines upskilling and reskilling 
for middle-skilled workers through the lens of 
sustainable career ecosystem theory. Since this 
is a literature review, it does not establish 
cause-and-effect relationships, and it is not 
possible to provide generalized information 
across all industries. The review highlights 
that middle-skilled workers are likely to be the 
group most affected by STARA-driven changes, 
but research on this group remains limited. 
Furthermore, studies on upskilling and 
reskilling are still in the development phase. 
Future research could explore sector-specific 
differences, focusing on meaningful, practical 
methods and their effectiveness in upskilling 
and reskilling for both employees and 
employers. Exploratory research into 
employees' attitudes toward the need for 
upskilling and reskilling as a result of STARA 
could provide critical insights. Additionally, 
training evaluation studies using quantitative 
and/or qualitative methods could offer 
guidance to many employers and bridge the 
gap between theory and practice for 
researchers. Examining the impact of 
upskilling and reskilling on employee 
productivity, well-being, and various career 
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attitudes may provide clearer insights into 
how these efforts affect sustainable careers. 
Given the anticipated increase in the effects of 
STARA in the near future, it is believed that 
these efforts could yield significant outcomes 

for middle-skilled workers. Therefore, this 
study is expected to provide essential 
information for future researchers, employers, 
decision-makers, HR professionals, employees, 
and associate degree students. 

 

REFERENCES 

Ahmad, B., & Bilal, S. (2024). Knowledge of AI 
as a Future Work Skill for Career 
Sustainability. Journal of Career Development, 
08948453241307384. 
https://doi.org/10.5465/AMPROC.2024.1684
7abstract 

Akkermans, J., Seibert, S. E., & Mol, S. T. (2018). 
Tales of the unexpected: Integrating career 
shocks in the contemporary careers 
literature. SA Journal of Industrial 
Psychology, 44(1), 1-10. 
https://doi.org/10.4102/sajip.v44i0.1503 

Almroth, M., Hemmingsson, T., Wallin, A. S., 
Kjellberg, K., Burström, B., & Falkstedt, D. 
(2022). Psychosocial working conditions and 
the risk of diagnosed depression: a Swedish 
register-based study. Psychological 
Medicine, 52(15), 3730-3738. 
https://doi.org/10.1017/S003329172100060
X 

Asiedu, E., & Tenakwah, E. S. (2025). Future-
proofing your workforce: upskilling and 
reskilling as HR’s top priorities. Strategic HR 
Review. https://doi.org/10.1108/SHR-01-
2025-0008 

Başer, M. Y., Büyükbeşe, T., & Ivanov, S. (2025). 
The effect of STARA awareness on hotel 
employees' turnover intention and work 
engagement: the mediating role of perceived 
organisational support. Journal of Hospitality 
and Tourism Insights, 8(2), 532-552. 
https://doi.org/10.1108/JHTI-12-2023-0925 

Bhargava, A., Bester, M., & Bolton, L. (2021). 
Employees’ perceptions of the implementation 
of robotics, artificial intelligence, and 
automation (RAIA) on job satisfaction, job 
security, and employability. Journal of 

Technology in Behavioral Science, 6(1), 106-
113. https://doi.org/10.1007/s41347-020-
00153-8 

Bishnoi, T., & Rai, D. K. (2022). Case study: 
India. The role of the skill council for green 
jobs (SCGJ) in recognising green skills and 
upskilling workers in micro, small and medium 
enterprises. In Recognizing green skills 
through non-formal learning: A comparative 
study in Asia (pp. 129-152). Singapore: 
Springer Nature Singapore. 
https://doi.org/10.1007/978-981-19-2072-
1_7 

Borodin, A., & Gotlieb, C. C. (1972). Computers 
and employment. Communications of the 
ACM, 15(7), 695-702. 
https://doi.org/10.1145/361454.361530 

Brougham, D., & Haar, J. (2018). Smart 
technology, artificial intelligence, robotics, and 
algorithms (STARA): Employees’ perceptions 
of our future workplace. Journal of 
Management & Organization, 24(2), 239-257. 
https://doi.org/10.1017/jmo.2016.55 

Brown, A., & Bimrose, J. (2011, September). 
The role of career adaptability in facilitating 
individual career development. 
In International Conference Vocational 
Designing and Career Counselling. Challenges 
and New Horizons, Padova (pp. 12-14). 

Brynjolfsson, E., & McAfee, A. (2014). The 
second machine age: Work, progress, and 
prosperity in a time of brilliant technologies. 
WW Norton & company. 

Buckley, C., Castro Jorge, M.F. (2024). 
Upskilling for the Modern Workplace: A Case 
Study on the Most Effective Training Methods 



İzmir Yönetim Dergisi (İzmir Journal of Management), Yıl:2025, Cilt:6, Sayı: Özel Sayı, ss. 54-70 

 65 

and Tools for Bridging the Skills Gap. 
International Journal of Advanced Corporate 
Learning (iJAC), 17(4), pp. 94–108.  
https://doi.org/10.3991/ijac.v17i4.51277 

Burrell, J., & Fourcade, M. (2021). The society 
of algorithms. Annual review of 
sociology, 47(1), 213-237. 
https://doi.org/10.1146/annurev-soc-
090820-020800 

Caliendo, P., & Podolan, P. G. (2024). Mass 
Unemployment due to Technology: The Impact 
on the Environment of Work and 
Unsustainable Development. Veredas do 
Direito, 21, e212622. 
https://doi.org/10.18623/rvd.v21.2622 

Callan, V. J., Bowman, K., Fitzsimmons, T. W., & 
Poulsen, A. L. (2021). Industry restructuring 
and job loss: towards a guiding model to assist 
the displaced older worker. Journal of 
Vocational Education & Training, 73(4), 566-
590. 
https://doi.org/10.1080/13636820.2020.174
4693 

Chauhan, A., Sachan, S., Arya, A., Kumar, A., & 
Tripathi, S. (2024). Reeducating for the 
Artificial Intelligence (AI) 
Century. International Journal of Innovative 
Science and Research Technology 
(IJISRT). https://doi.org/10.38124/ijisrt/IJISR
T24SEP680 

Chui, M., Manyika, J., & Miremadi, M. (2015). 
Four fundamentals of workplace automation. 
The McKinsey Quarterly, 29(3), 1–9. 
https://doi.org/10.4337/9781035348466.000
13 

Chun, H. K. (2024). Falling through the cracks? 
Skilling, reskilling and upskilling for job 
transitions. In Rethinking Economic 
Transformation for Sustainable and Inclusive 
Development (pp. 205-234). Edward Elgar 
Publishing. 
https://doi.org/10.4337/9781035348466.000
13 

Colombari, R., & Neirotti, P. (2022). Closing the 
middle-skills gap widened by digitalization: 

how technical universities can contribute 
through Challenge-Based Learning. Studies in 
Higher Education, 47(8), 1585-1600.  

Daniel E. Koditschek, "What is Robotics: Why 
Do We Need It and How Can We Get It?", 
Annual Review of Control, Robotics, and 
Autonomous Systems . December 2020. 
https://doi.org/10.1146/annurev-control-
080320-011601 

De Vos, A., Van der Heijden, B. I., & Akkermans, 
J. (2020). Sustainable careers: Towards a 
conceptual model. Journal of Vocational 
Behavior, 117, 103196.  
https://doi.org/10.1016/j.jvb.2018.06.011 

De Vries, J. D., Claessens, B. J., van Hooff, M. L., 
Geurts, S. A., van den Bossche, S. N., & Kompier, 
M. A. (2016). Disentangling longitudinal 
relations between physical activity, work-
related fatigue, and task 
demands. International Archives of 
Occupational and Environmental Health, 89, 
89-101. https://doi.org/10.1007/s00420-015-
1054-x 

Ding, L. (2021). Employees’ challenge-
hindrance appraisals toward STARA 
awareness and competitive productivity: a 
micro-level case. International Journal of 
Contemporary Hospitality Management, 33(9), 
2950-2969. https://doi.org/10.1108/IJCHM-
09-2020-1038 

Donald, W. E., Jakubik, M., & Nimmi, P. M. 
(2023). Preparing university graduates for 
sustainable careers: Qualitative insights from 
the UK. In Handbook of Research on 
Sustainable Career Ecosystems for University 
Students and Graduates (pp. 320-341). IGI 
Global. 

Donald, W. E., Van der Heijden, B. I., & Baruch, 
Y. (2024). Introducing a sustainable career 
ecosystem: Theoretical perspectives, 
conceptualization, and future research 
agenda. Journal of Vocational Behavior, 151, 
103989. 
https://doi.org/10.1016/j.jvb.2024.103989 



 

 66 

Dries, N., Vantilborgh, T., & Pepermans, R. 
(2012). The role of learning agility and career 
variety in the identification and development 
of high potential employees. Personnel 
Review, 41(3), 340-358. 
https://doi.org/10.1108/0048348121121297
7 

Faraj, S., Pachidi, S., & Sayegh, K. (2018). 
Working and organizing in the age of the 
learning algorithm. Information and 
Organization, 28(1), 62-70. 
https://doi.org/10.1016/j.infoandorg.2018.02
.005 

Fast, E., & Horvitz, E. (2017, February). Long-
term trends in the public perception of 
artificial intelligence. In Proceedings of the 
AAAI conference on artificial intelligence (Vol. 
31, No. 1). 
https://doi.org/10.1609/aaai.v31i1.10635 

Fischer, K., & Yan, Z. (2018). The development 
of dynamic skill theory. In Conceptions of 
development (pp. 279-312). Psychology Press. 

Fraile, F., Psarommatis, F., Alarcón, F., & Joan, J. 
(2023). A methodological framework for 
designing personalised training programs to 
support personnel upskilling in industry 
5.0. Computers, 12(11), 224. 
https://doi.org/10.3390/computers12110224 

Frey, C. B., & Osborne, M. A. (2017). The future 
of employment: How susceptible are jobs to 
computerisation?. Technological Forecasting 
and Social Change, 114, 254-280. 
https://doi.org/10.1016/j.techfore.2016.08.01
9 

Gasteiger, N., van der Veer, S. N., Wilson, P., & 
Dowding, D. (2021). Upskilling health and care 
workers with augmented and virtual reality: 
protocol for a realist review to develop an 
evidence-informed programme theory. BMJ 
Open, 11(7), e050033. 
https://doi.org/10.1136/bmjopen-2021-
050033 

Gerçek, M., & Özveren, C. G. (2024). Redefining 
organizational culture for the digital age: A 
model proposal for digital organizational 

culture. Yildiz Social Science Review, 10(1), 
54-71. 
https://doi.org/10.51803/yssr.1455398 

Gerçek, M., Börekçi, D. Y., & Özveren, C. G. 
(2024). Exploring the Links Between 
Employee Resilience and Career Satisfaction: 
The Roles of Job Crafting and STARA 
Awareness. Journal of Mehmet Akif Ersoy 
University Economics and Administrative 
Sciences Faculty, 11(3), 1011-1030. 
https://doi.org/10.20409/berj.2024.446 

Germain, M. L. (2020). How millennial mentors 
can help upskill, reskill, and retain mature 
workers. In Strategies for attracting, 
maintaining, and balancing a mature 
workforce (pp. 179-207). IGI Global. 

Goddard, N. D. R., Kemp, R. M. J., & Lane, R. 
(1997). An overview of smart 
technology. Packaging Technology and 
Science: An International Journal, 10(3), 129-
143. https://doi.org/10.1002/(SICI)1099-
1522(19970501/30)10:3%3C129::AID-
PTS393%3E3.0.CO;2-C 

Gooptu, S., Bros, C., & Chowdhury, S. R. (2023). 
Estimating skill mismatch in the Indian labour 
market: A regional dimension. Global Business 
Review, 09721509221146400. 
https://doi.org/10.1177/0972150922114640
0 

Hasan, M., Haque, M. A., Nishat, S. S., & Hossain, 
M. M. (2024). Upskilling and Reskilling in a 
Rapidly Changing Job Market: Strategies for 
Organizations to Maintain Workforce Agility 
and Adaptability. European Journal of Business 
and Management Research, 9(6), 118-126. 
https://doi.org/10.24018/ejbmr.2024.9.6.250
2  

Hirschi, A. (2018). The fourth industrial 
revolution: Issues and implications for career 
research and practice. The Career 
Development Quarterly, 66(3), 192-204. 
https://doi.org/10.1002/cdq.12142 

Horton, J. J. (2017). The effects of algorithmic 
labour market recommendations: Evidence 
from a f ield experiment. Journal of Labour 



İzmir Yönetim Dergisi (İzmir Journal of Management), Yıl:2025, Cilt:6, Sayı: Özel Sayı, ss. 54-70 

 67 

Economics, 35(2), 345–385. 
https://doi.org/10.1086/689213 

Huang, M. H., & Rust, R. T. (2022). A 
framework for collaborative artificial 
intelligence in marketing. Journal of 
Retailing, 98(2), 209-223. 
https://doi.org/10.1016/j.jretai.2021.03.001 

Hur, W. M., & Shin, Y. (2024). Service 
employees’ STARA awareness and proactive 
service performance. Journal of Services 
Marketing, 38(4), 426-442. 
https://doi.org/10.1108/JSM-03-2023-0115 

Jacobs, J. (2024). The artificial intelligence 
shock and socio-political 
polarization. Technological Forecasting and 
Social Change, 199, 123006. 
https://doi.org/10.1016/j.techfore.2023.1230
06 

Jaiswal, A., Arun, C. J., & Varma, A. (2023). 
Rebooting employees: Upskilling for artificial 
intelligence in multinational corporations. 
In Artificial Intelligence and International 
HRM (pp. 114-143). Routledge.  

Jamal, A. F., El Nemar, S., & Sakka, G. (2024). 
The relationship between job redesigning, 
reskilling and upskilling on organizational 
agility. EuroMed Journal of Business. 
https://doi.org/10.1108/EMJB-10-2023-0279 

Kim, E. J., & Park, S. (2022). Unlearning in the 
workplace: Antecedents and outcomes. Human 
Resource Development Quarterly, 33(3), 273-
296. https://doi.org/10.1002/hrdq.21457 

Koditschek, D. E. (2021). What is robotics? 
Why do we need it and how can we get 
it?. Annual Review of Control, Robotics, and 
Autonomous Systems, 4(1), 1-33. 
https://doi.org/10.1146/annurev-control-
080320-011601 

Koo, B., Curtis, C., & Ryan, B. (2021). Examining 
the impact of artificial intelligence on hotel 
employees through job insecurity 
perspectives. International Journal of 
Hospitality Management, 95, 102763. 
https://doi.org/10.1016/j.ijhm.2020.102763 

Leitner, S. M., & Sabouniha, A. 
(2024). Offshoring, technological change, 
labour market institutions and the demand for 
typical and atypical employment in 
Europe (No. 259). wiiw Working Paper. 

Leon, R. D. (2023). Employees’ reskilling and 
upskilling for industry 5.0: Selecting the best 
professional development 
programmes. Technology in Society, 75, 
102393. 
https://doi.org/10.1016/j.techsoc.2023.10239
3 

Li, L. (2020). Education supply chain in the era 
of Industry 4.0. Systems Research and 
Behavioral Science, 37(4), 579–592. 
https://doi.org/10.1002/sres.2702 

Li, L. (2024). Reskilling and upskilling the 
future-ready workforce for industry 4.0 and 
beyond. Information Systems Frontiers, 26(5), 
1697-1712. https://doi.org/10.1007/s10796-
022-10308-y 

Lombardo, M. M., & Eichinger, R. W. (2000). 
High potentials as high learners. Human 
Resource Management, 39(4), 321-329. 
https://doi.org/10.1002/1099-
050X(200024)39:4%3C321::AID-
HRM4%3E3.0.CO;2-1 

Marsick, V. J., & Watkins, K. E. (2003). 
Demonstrating the value of an organization's 
learning culture: the dimensions of the 
learning organization questionnaire. Advances 
in Developing Human Resources, 5(2), 132-
151. 
https://doi.org/10.1177/1523422303005002
002 

McKay, E., & Izard, J. (2014, December). Online 
training design: Workforce reskilling in 
government agencies. In 2014 IEEE 
Conference on e-Learning, e-Management and 
e-Services (IC3e) (pp. 70-75). IEEE. 
https://doi.org/10.1109/IC3e.2014.7081244 

McQuaid, R. W., & Lindsay, C. (2005). The 
concept of employability. Urban studies, 42(2), 
197-219. 



 

 68 

https://doi.org/10.1080/0042098042000316
100 

Mendoza-Chan, J., & Pee, L. G. (2024). Digital 
skilling of working adults: A systematic 
review. Computers & Education, 105076. 
https://doi.org/10.1016/j.compedu.2024.105
076 

Nair, S., Kaushik, A., & Dhoot, H. (2023). 
Conceptual framework of a skill-based 
interactive employee engaging system: In the 
Context of Upskilling the present IT 
organization. Applied Computing and 
Informatics, 19(1/2), 82-107. 
https://doi.org/10.1016/j.aci.2019.05.001 

Nankervis, A. R., & Cameron, R. (2023). 
Capabilities and competencies for digitised 
human resource management: perspectives 
from Australian HR professionals. Asia Pacific 
Journal of Human Resources, 61(1), 232-251. 
https://doi.org/10.1111/1744-7941.12354 

NTV, (2024, Nisan), İş dünyası 330 bin eleman 
arıyor! Üretimde ara eleman sıkıntısı, 
https://www.ntv.com.tr/ntvpara/is-dunyasi-
330-bin-eleman-ariyor-uretimde-ara-eleman-
sikintisi,IbSt4bJ99EGtsM96v4nKOg 

Oluwajinmi, B., & Adekomaya, V. (2023). 
Effects of Upskilling and Reskilling on 
Employee Job Satisfaction and the Menace of 
the Fourth Industrial Revolution 
(4IR). International Journal of Contemporary 
Research in Humanities, 1(1), 92-103.  

Oosthuizen, R. M. (2019). Smart technology, 
artificial intelligence, robotics and algorithms 
(STARA): Employees’ perceptions and 
wellbeing in future workplaces. Theory, 
research and dynamics of career wellbeing: 
Becoming fit for the future, 17-40. 
https://doi.org/10.1007/978-3-030-28180-
9_2 

Özer, M., & Suna, H., E. (2022). A New 
Roadmap for Reskilling and Upskilling (R&U) 
in Türkiye: Vocational Training Center Skill 
Development Programs, Kastamonu Education 
Journal, 30(4), 914-924. 
https://doi.org/10.24106/kefdergi.1195691 

Padmaja, V., & Mukul, K. (2021). Upskilling and 
reskilling in the digital age: the way forward 
for higher educational institutions. 
In Transforming higher education through 
digitalization (pp. 253-275). CRC Press. 

Pandey, A., & Dhand, S. (2024). The future 
consequences of artificial intelligence in 
context to employability in resilient industry. 
In The Framework for Resilient Industry: A 
Holistic Approach for Developing 
Economies (pp. 163-175). Emerald Publishing 
Limited. 

Park, S. K., Rhee, M. K., & Lee, S. W. (2021). The 
effects of job demands and resources on 
turnover intention: The mediating roles of 
emotional exhaustion and 
depersonalization. Work, 70(1), 301-309. 
https://doi.org/10.3233/WOR-213574 

Parwani, D., Tahilyani, M., & Devnani, M. 
(2024). AI in Industry 5.0: Transforming 
Business in the Digital Age. In Industry 5.0 and 
Emerging Technologies: Transformation 
Through Technology and Innovations (pp. 59-
86). Springer Nature Switzerland. 

Pegrum, H., Naismith, J., & Brundish, J. (2012). 
Introduction and evaluation of an upskilling 
programme for GPs. BMJ Supportive & 
Palliative Care, 2, A118 - 
A118. https://doi.org/10.1136/BMJSPCARE-
2012-000196.348. 

Pham, Q. C., Madhavan, R., Righetti, L., Smart, 
W., & Chatila, R. (2018). The impact of robotics 
and automation on working conditions and 
employment. IEEE Robotics & Automation 
Magazine, 25(2), 126-128. 
https://doi.org/10.1109/MRA.2018.2822058 

Pillans, G. (2024). Reskilling and rethinking 
work: how to build a future-fit 
workforce. Strategic HR 
Review. https://doi.org/10.1108/shr-03-
2024-0023. 

Plastino, E., & Purdy, M. (2018). Game 
changing value from artificial intelligence: 
eight strategies. Strategy & Leadership, 46(1), 



İzmir Yönetim Dergisi (İzmir Journal of Management), Yıl:2025, Cilt:6, Sayı: Özel Sayı, ss. 54-70 

 69 

16–22. https://doi.org/10.1108/SL-11-2017-
0106 

Podgórska-Rakiel, E., & Unterschütz, J. (2020). 
Smart port-smart work. outplacement, 
retraining re-skilling and just 
transition. International Journal of Sustainable 
Transportation, 14(9), 693. 

Ramachandran, K. K., Srivastava, A., Panjwani, 
V., Kumar, D., Cheepurupalli, N. R., & Mohan, C. 
R. (2024). Developing AI-powered Training 
Programs for Employee Upskilling and 
Reskilling. Journal of Informatics Education 
and Research, 4(2), 1186-1193. 

Rangraz, M., & Pareto, L. (2021). Workplace 
work-integrated learning: supporting industry 
4.0 transformation for small manufacturing 
plants by reskilling staff. International Journal 
of Lifelong Education, 40(1), 5-22. 
https://doi.org/10.1080/02601370.2020.186
7249 

Rantanen, J., Muchiri, F., & Lehtinen, S. (2020). 
Decent work, ILO’s response to the 
globalization of working life: Basic concepts 
and global implementation with special 
reference to occupational health. International 
Journal of Environmental Research And Public 
Health, 17(10), 3351. 
https://doi.org/10.3390/ijerph17103351 

Regona, M., Yigitcanlar, T., Xia, B., & Li, R. Y. M. 
(2022). Opportunities and adoption challenges 
of AI in the construction industry: A PRISMA 
review. Journal of open innovation: 
technology, market, and complexity, 8(1), 45. 
https://doi.org/10.3390/joitmc8010045 

Reuters (2024, Kasım), Siemens to cut up to 
5,000 jobs in automation business after 
downturn, 
https://www.reuters.com/technology/siemen
s-cut-up-5000-jobs-automation-business-
after-downturn-2024-11-14/ 

Rothwell, A., & Arnold, J. (2007). Self‐perceived 
employability: Development and validation of 
a scale. Personnel Review, 36(1), 23-41. 
https://doi.org/10.1108/0048348071071670
4 

Ryan, R. M., & Deci, E. L. (2000). Self-
determination theory and the facilitation of 
intrinsic motivation, social development, and 
well-being. American Psychologist, 55(1), 68. 
https://doi.org/10.1037/0003-066X.55.1.68 

Salehi, H., Das, S., Chakrabartty, S., Biswas, S., & 
Burgueño, R. (2017, April). A machine-learning 
approach for damage detection in aircraft 
structures using self-powered sensor data. 
In Sensors and smart structures technologies 
for civil, mechanical, and aerospace systems 
2017 (Vol. 10168, pp. 234-246). SPIE.  

Samuvel, K., & Gilsha, G. K. (2023). A study on 
impact of upskilling or reskilling of employees 
in IT services. International Journal of 
Advanced Research in Science, Communication 
and Technology, 3(3), 359-363. 
https://doi.org/10.48175/IJARSCT-11457 

Sawant, R., Thomas, B., & Kadlag, S. (2022). 
Reskilling and upskilling: To stay relevant in 
today’s industry. International Review of 
Business and Economics, 7(1), 4. 
https://doi.org/10.56902/IRBE.2022.7.1.4 

Silverio-Fernández, M., Renukappa, S., & 
Suresh, S. (2018). What is a smart device?-a 
conceptualisation within the paradigm of the 
internet of things. Visualization in 
Engineering, 6(1), 1-10. 

Simões, A. C., Ferreira, F., Almeida, A., 
Zimmermann, R., Castro, H., & Azevedo, A. 
(2021). Innovative learning scheme to up-
skilling and re-skilling–designing a 
collaborative training program between 
industry and academia towards digital 
transformation. In Smart and Sustainable 
Collaborative Networks 4.0: 22nd IFIP WG 5.5 
Working Conference on Virtual Enterprises, 
PRO-VE 2021, Saint-Étienne, France, 
November 22–24, 2021, Proceedings 22 (pp. 
729-737). Springer International Publishing. 

Smith, B. A., & Watkins, K. E. (2024). Measuring 
learning agility: a review and critique of 
learning agility measures. Personnel 
Review, 53(3), 704-720. 
https://doi.org/10.1108/PR-10-2023-0886 



 

 70 

Staccioli, J., & Virgillito, M. E. (2021). The 
present, past, and future of labor-saving 
technologies. In Handbook of labor, human 
resources and population economics (pp. 1-
16). Cham: Springer International Publishing. 

Tan, K. L., Gim, G. C., Hii, I. S., & Zhu, W. (2024). 
STARA fight or flight: a two-wave time-lagged 
study of challenge and hindrance appraisal of 
STARA awareness on basic psychological 
needs and individual competitiveness 
productivity among hospitality 
employees. Current Issues in Tourism, 27(13), 
2151-2169. 
https://doi.org/10.1080/13683500.2023.222
4550 

Tsang, E. W., & Zahra, S. A. (2008). 
Organizational unlearning. Human  
Relations, 61(10), 1435-1462. 
https://doi.org/10.1177/0018726708095710 

University of Cambridge, (2016, October 19). 
“The best or worst thing to happen to 
humanity: Stephen Hawking launches Centre 
for the Future of Intelligence” - Stephen 
Hawking launches Centre for the Future of 
Intelligence, University of Cambridge. 
https://www.cam.ac.uk/research/news/the-
best-or-worst-thing-to-happen-to-humanity-
stephen-hawking-launches-centre-for-the-
future-of 

Vadie, A. S., & Lipták, K. (2023). Industry 4.0: 
New challenges for the labor market and 
working conditions as a result of emergence of 
robots and automation. Economic and 
Regional Studies, 16(3). 
https://doi.org/10.2478/ers-2023-0028 

Van der Heijden, B., De Vos, A., Akkermans, J., 
Spurk, D., Semeijn, J., Van der Velde, M., & 
Fugate, M. (2020). Sustainable careers across 
the lifespan: Moving the field forward. Journal 
of Vocational Behavior, 117, 103344. 
https://doi.org/10.1016/j.jvb.2019.103344 

Vinayan, G., Harikirishanan, D., & Ling, S. M. 
(2020). Upskilling and reskilling the workforce 
via industry driven technical and vocational 
education and training: Strategies to initiate 
Industry/Institution partnership in 

Malaysia. Journal of Economic Info, 7(2), 94-
103. https://doi.org/10.31580/jei.v7i2.1438 

Vranceanu, R., & Sutan, A. (2023). Should the 
firm or the employee pay for upskilling? A 
contract theory approach. Managerial and 
Decision Economics, 44(1), 197-207. 
https://doi.org/10.1002/mde.3674 

Wang, H., Zhang, H., Chen, Z., Zhu, J., & Zhang, Y. 
(2022). Influence of artificial intelligence and 
robotics awareness on employee creativity in 
the hotel industry. Frontiers in Psychology, 13, 
834160.  
https://doi.org/10.3389/fpsyg.2022.834160 

Wang, J., Xing, Z., & Zhang, R. (2023). AI 
technology application and employee 
responsibility. Humanities and Social Sciences 
Communications, 10(1), 1-17. 
https://doi.org/10.1057/s41599-023-01843-
3 

Wang, P. (2019). On defining artificial 
intelligence. Journal of Artificial General 
Intelligence, 10(2), 1-37. 
https://doi.org/10.1016/j.artint.2018.12.008 

World Economic Forum, (2021, January), 
Upskilling for shared prosperity, 
https://www.weforum.org/publications/upsk
illing-for-shared-prosperity/ 

Zhang, C., & Lu, Y. (2021). Study on artificial 
intelligence: The state of the art and future 
prospects. Journal of Industrial Information 
Integration, 23, 100224. 
https://doi.org/10.1016/j.jii.2021.100224 

Zhang, X., & Jin, H. (2023). How does smart 
technology, artificial intelligence, automation, 
robotics, and algorithms (STAARA) awareness 
affect hotel employees’ career perceptions? A 
disruptive innovation theory 
perspective. Journal of Hospitality Marketing & 
Management, 32(2), 264-283. 
https://doi.org/10.1080/19368623.2023.216
6186 

 


