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Abstract: As automation and artificial intelligence (AI) continue to transform industrial processes,
older employees often face challenges in adapting, mainly due to limited digital skills, increased
cognitive demands, and psychological resistance. This study examines how employees over 50 adapt
to digital transformation in two energy companies. One hundred employees participated in a three-
month study, split into two groups: one received standard training, while the other underwent age-
adapted training. Data collection involved LMS tracking, knowledge testing, forum analysis, surveys,
and the Perceived Stress Scale (PSS). Results showed that the age-adapted group had higher
knowledge retention (88% vs. 72%), lower stress levels (3.2 vs. 6.5), more engagement, and greater
satisfaction with the learning process. They also demonstrated better confidence and smoother
adaptation to automation tools. However, a follow-up after one year revealed a decline in long-term
learning motivation. Around 30% of participants were reluctant to continue training, citing fatigue
and interference with their primary work duties.The findings highlight the need for tailored training
programs and psychological support for older workers. Age-sensitive strategies reduce stress,
increase engagement, and improve knowledge retention, offering insights for inclusive automation
strategies in age-diverse workforces.

Keywords: automation ; artificial Intelligence; older workers; adaptation; workplace stress; digital
transformation; knowledge retention; training programs; employee engagement continuous
learning

1. Introduction

Over the past few decades, automation and artificial intelligence (AI) have emerged as key
drivers of efficiency in business processes, particularly in the energy sector [1]. These technological
advancements significantly impact labor dynamics, industrial productivity, and broader economic
development. As digital transformation progresses, it continues to reshape job roles and
responsibilities —posing particular challenges for older employees with limited exposure to digital
tools [2, 3]. Although automation offers many benefits, it also presents certain risks to job security
and employment structures. However, these risks are often overstated. As noted in [4], automation
typically impacts specific tasks rather than eliminating entire occupations. These technologies are
primarily introduced to boost productivity and streamline management. Yet, successful adoption
depends largely on user acceptance, shaped by factors such as perceived usefulness and social
influence [5]. Nonetheless, the integration of Al and automation frequently encounters challenges—
particularly among older workers who struggle to keep pace with rapid technological changes [6].
Older workers often face additional barriers to adopting new technologies due to psychological and
physiological factors. This includes factors such as technology-related anxiety, lack of confidence,
and cognitive overload [7]. According to a report by the U.S. Bureau of Labor Statistics, the
integration of new technologies into the labor market has exposed key data collection gaps and
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challenges related to workforce readiness (U.S. Department of Labor, 2024). Older individuals also
experience barriers in adopting new technologies in their everyday lives [8, 9, 10].

Older employees often lack experience with digital and automation technologies because their
careers developed in analog or manual environments where such tools were not essential [11, 12].
Today’s energy and construction industries demand highly qualified professionals. Workers must
also perform effectively under both physical and psychological pressure. These sectors often involve
high-stress environments requiring a mix of technical skills and strict discipline. The introduction of
automation and Al in such conditions may provoke resistance from employees, which is exacerbated
by a lack of proper training and support. Engaging with modern technologies requires ongoing
learning, which can strongly influence older workers’ receptiveness to change [13]. Concerns persist
among employees that artificial intelligence may replace human labor, despite evidence suggesting
its primary function is to augment human productivity. Studies suggest that Al contributes to job
growth by boosting productivity, creating new roles, and fostering virtual agglomerations [14].

Research indicates that effective employee adaptation to new technologies requires structured
training along with psychological and organizational support mechanisms. Individual factors like
age and experience play a crucial role in shaping attitudes toward technology, which in turn influence
stress levels and productivity [5]. Studies on age-related adaptation across industries confirm the
need for personalized training and psychological support to help older workers integrate into new
workflows [15].

The combination of aging processes and the rapid development of new technologies creates
additional challenges for older workers, increasing their vulnerability in the labor market. The lack
of digital skills, adaptation mechanisms, and limited opportunities for retraining may lead to a
decrease in their competitiveness. As a result, they may face labor market displacement, limited
career advancement, and even early retirement. These findings underscore the need for realistic
training strategies that align with the capacities and expectations of older employees [16].

The aim of this study is to evaluate how age-adapted training programs influence the adaptation
of employees over 50 years old to automated technologies in energy enterprises. The research focuses
on the psychological, cognitive, and behavioral aspects of technological change, comparing outcomes
between standard and age-specific learning approaches. To achieve this, a quasi-experimental
observational study was conducted at two energy enterprises, involving 100 employees divided into
two groups: one receiving standard training and the other undergoing age-adapted training.

1.1. Preliminary Studies

Early research on automation in the workplace shows that introducing new technologies often
encounters resistance, particularly due to differences in how workers of various age groups perceive
change [17]. A key factor is the tendency among older workers to resist technological innovation. This
resistance often arises from a lack of preparedness for fast-paced technological learning and from
psychological barriers.

This pattern is evident not only in professional settings but also in daily life - for example, when
using smartphones, online platforms, or Al-powered tools [18]. Despite their valuable experience,
older workers may see new technologies as disruptive to their familiar routines, which can reduce
efficiency and increase stress.

Studies show that the ability to adapt to new technologies varies by age and is influenced by
several factors, such as how useful the technology is perceived to be, peer influence, and access to
training. The Unified Theory of Acceptance and Use of Technology (UTAUT) helps explain why older
workers often struggle with automation and highlights the need for additional support measures,
such as personalized training and mentoring [5].

Training Methods for Automation in Enterprises Considering Age Groups.

In addition to structured training, informal social support can be critical. Studies have shown
that the presence of “warm experts” — colleagues or family members who provide non-judgmental
guidance — significantly helps older adults develop digital skills in both professional and everyday
contexts [19].
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Training strategies should address generational differences in digital literacy by offering flexible,
socially supportive learning formats. This underscores the importance of mentoring and adaptive
training programs tailored to employees' varying levels of technological expertise, helping them
overcome barriers related to understanding and using complex technologies [20].

Practical experience shows that successful automation requires training programs that consider
not only employees' technical skills but also their psychological readiness for change.

Research highlights that a clear and well-structured training and support strategy can
significantly reduce resistance to automation, especially among older employees.

The Impact of Employees' Age on Adapting to Automated Processes in Enterprises.

Older workers may also experience decreased self-esteem and perceived exclusion when they
are unable to keep pace with technological changes. Research highlights that these emotional
responses — including disempowerment and decreased well-being — can significantly affect digital
adoption among aging workers [21].

Automation impacts employees across age groups differently, with older workers often
requiring more support to adapt to changing workflows. Workers' reactions to new technologies can
vary significantly depending on their age, experience, and skill levels. Support for older employees
during the implementation of mandatory business software should focus on reducing their negative
attitudes toward changes brought by automation and minimizing their perception of the threat of job
loss.

Young specialists generally adapt more quickly to changes and easily master new automated
processes. They view innovations as opportunities for professional growth and expanding their skill
set. Younger employees are often more flexible and willing to learn, which contributes to their
successful integration into automated work processes.

Older workers may encounter unique challenges when learning new technologies, often due to
lower digital fluency and cognitive workload [22]. This could be due to less experience with modern
digital tools and a certain resistance to changes in established work processes.

It's important to note that automation of production processes and the introduction of digital
technologies lead to changes in the qualification requirements for employees. While some routine
tasks are automated, the demand for highly skilled specialists in information technology, data
analysis, robotics, and artificial intelligence increases. This highlights the need for continuous
learning and upskilling of employees of all age groups to successfully adapt to the changing work
environment.

Retaining and developing the potential of older employees is a strategically important step for
organizations aiming for sustainable growth. With their valuable professional knowledge and
extensive experience, older workers represent a significant asset, and therefore, training in new
technologies should be seen not as an alternative, but as a means to unlock their potential in the
context of digital transformation [23, 24].

Thus, age plays a significant role in the perception and mastery of new automated processes in
enterprises. To effectively integrate all employees into updated production processes, adaptive
training programs should be developed and implemented, considering the age-related characteristics
and needs of workers.

Although some studies suggest that age does not always correlate with core job performance,
creativity, or training efficiency, it does have more pronounced effects on other dimensions of
productivity, such as workplace behavior and safety [25]. The common element in these studies is
the focus on employees' adaptation to technological changes, particularly in the context of
automation. All emphasize the importance of training and preparing workers for the successful
adoption of new processes and technologies in the workplace. Key aspects often discussed include
age differences, the need for adaptive training programs, and the influence of personal factors such
as the perception of new technologies and resistance to change.

One of the major gaps that many studies miss is the attention given to the psychological, social,
and long-term aspects of employees' adaptation, as well as the contextual differences in work
processes that can affect the success of automation implementation. Organizations must adapt to an
aging workforce and apply strategies to effectively manage older workers [16]. Managers can use
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various aspects of workforce management with older employees, including respecting their
experience, building trust-based relationships, and using motivational and communication strategies
that consider their longer professional careers [26]. Moreover, it's crucial to recognize the benefits and
value of working with older employees, understanding why they are valuable assets to companies,
given their experience and knowledge [27].

Although individual and qualitative factors are essential, most existing research on automation
focuses predominantly on measurable outcomes like productivity or adoption rates, often
overlooking employee perceptions and emotional responses. Research that considers emotional and
psychological aspects (e.g., resistance to change, anxiety about job loss, or self-confidence) is
becoming increasingly important in the context of a more holistic approach to automation
implementation, but these aspects are still often overshadowed by quantitative data.

However, subjective aspects such as employees' perceptions of changes, motivation, and
emotional and psychological barriers receive less attention. These elements, while influencing the
success of technology adoption, are more difficult to quantify, which explains their limited attention
in traditional studies. There is also a positive impact of technological changes on aging employees.
New technologies streamline workflows, enhance flexibility at the workplace, and improve labor
efficiency. Technological innovations have helped reduce physical strain and made tasks more
accessible for aging employees [28].

1.2. Study Design

In this study, we conducted a field observational research to assess the adaptation of older
employees (aged over 50) to the introduction of automation incorporating artificial intelligence (AI)
in the workplace. During the familiarization stage, we observed high interest from older workers,
which was previously noted in studies such as [22, 29]. There is also a stereotype that elderly workers
struggle to adapt to new technologies; however, the results of this study show the opposite [25]. We
used both objective and subjective methods of assessment to identify the factors influencing
successful adaptation. The experimental tools for monitoring perceptions of changes in real-time
included surveys, testing, mentorship, knowledge verification, and psychological support. The main
focus during the experimental design stage was: (1) analyzing the processes of perception of changes
and stress among employees, (2) collecting data in real work conditions to assess the impact of
automation on production processes, (3) comparing results between employee groups with varying
levels of preparedness and technology perception. The study revealed that employees who had not
undergone specialized training faced difficulties in adaptation, while those who had received age-
appropriate training showed improvements in technology perception and reduced stress. The study
also showed that older employees’ express interest in new technologies. Regarding continuous
learning and development to ensure that employees possess the necessary skills to work in an
automated environment, previous research from Kampala International University (Beatrice, 2024)
emphasized the importance of upskilling and adaptability as essential elements of workforce
transformation. The report noted that ongoing employee training is especially important for older
workers, who may face additional barriers in adopting new technologies. The results can be used to
develop recommendations for implementing automation and Al, considering the age-related and
psychological characteristics of employees.

2. Materials and Methods
2.1. Field Data Collection

Data collection was conducted onsite across various work environments in a real working
environment, with the time for data collection varying depending on the conditions at each site. From
March to May, over a period of 3 months in 2022, a total of 100 employees aged over 50 years were
selected at two energy companies involved in the automation process with the presence of Al. The
inclusion criteria were as follows: (1) age over 50 years, (2) working in the specific industry for more
than two years, (3) participation in the automation process. Participants were informed about the
goals of the research and its procedure. They were provided with informational materials and video
demonstrations to fully understand the research methodology. All participants signed written


https://doi.org/10.20944/preprints202504.2571.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 April 2025 d0i:10.20944/preprints202504.2571.v1

5 of 15

informed consent to participate. The study was approved by the company's supervisory board. The
research was conducted in accordance with the ethical principles outlined in the Declaration of
Helsinki of the World Medical Association (WMA). No significant differences in baseline data were
observed depending on the season or location where the participant recruitment was carried out.
Participants were divided into 2 groups of 50 people each. One group was trained in automation
along with the entire staff, while the second group of 50 people was trained with consideration for
age-related changes. The first group underwent training in automation as part of a general program
developed for all employees of the enterprise, without considering age-specific characteristics. The
second group, in turn, underwent adapted training specifically focused on age-related changes and
the needs of older employees. This approach allowed the evaluation of how individualized training
programs, taking age differences into account, could contribute to better mastery of new technologies
and a reduction in stress levels among older workers. Following the three-month training and
analysis of the results, additional sessions were conducted for the group that had not undergone
specialized training to equalize the knowledge levels of the two groups. Then, exactly one year later,
in March 2023, testing was carried out to assess the knowledge of both groups. It was also decided to
proceed with further modernization of the enterprises with automated systems.

To measure the level of learning and mastery of automation among employees, several smart
processes and methods were used, including;:

1. Learning Management Systems (LMS): Platforms were used to track participants'
progress, measure engagement, and test knowledge during the training process. These systems
provide analytics based on test results, time spent on the platform, and participant activity.

2. Surveys and Questionnaires: Online surveys were used to measure the level of
satisfaction with training and its perceived effectiveness. Surveys included both closed questions
(e.g., confidence in applying new technologies) and open-ended questions to gather deeper insights
into the participants' perceptions of the training.

The data analysis included statistical comparison of groups, but due to the limited sample size,
formal statistical tests were not applied. The comparisons were made based on observed differences
in key indicators.

2.2. Data Processing

After the ratification and collection of field data, the information processing included several
stages aimed at analyzing the level of automation assimilation and its impact on older workers.

1. Data Processing and Analysis via Learning Management Systems (LMS):

The use of LMS (Learning Management System) allowed for systematic tracking of participants'
progress. The following data were collected using this system:

Knowledge Tests: Participants took tests after each training module, which allowed for
measuring how successfully they were absorbing new technological processes. These tests were
analyzed to determine the level of knowledge assimilation.

Activity and Engagement: The LMS also tracked how much time participants spent on the
platform, how actively they interacted with training content, and whether they accessed additional
materials or resources.

Results Statistics: Analytics were gathered based on test results and assessments, which allowed
researchers to identify groups that demonstrated the greatest successes or faced difficulties.

2. Surveys and Participant Questionnaires.

To complement the objective data from the LMS, subjective data were gathered through online
surveys. These surveys included both closed and open-ended questions:

Closed Questions: For example, participants were asked about their confidence in applying new
technologies in practice, how long it took them to master automated processes, and what level of
difficulty they experienced.

Open-ended Questions: These were aimed at gaining a deeper understanding of the participants'
perceptions, such as how they assessed the impact of automation on their work and stress levels, and
their opinions about the training program. Open-ended answers provided valuable insights into
personal feelings and trust in the technologies being implemented.
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3. Processing and Analysis of Stress and Change Perception Data.

To assess stress levels and the perception of changes during automation, additional tools were
used:

Stress and Adaptation Scale: Specialized questionnaires and scales were used to measure stress
levels, anxiety, and perception of changes among participants. These data were used to compare
between groups (the group with general training and the group with adapted training).

Analysis of Psychological Barriers: This included assessing how changes in technology are
perceived, which affects older employees' acceptance of automation. This also enabled the analysis
of the relationship between perceived stress and training outcomes.

4. Comparative Analysis Between Groups.

Based on the collected data, a comparative analysis was conducted between two groups:

The Adapted Training Group: Members of this group demonstrated a higher level of satisfaction
with the training and lower levels of stress, indicating the importance of considering age-related
differences in training.

The General Training Group: Members of this group showed lower levels of engagement, as
well as higher stress levels and difficulties in mastering technologies.

The data from LMS and the results of the surveys were used to create a detailed report, which
allowed for conclusions on how specific training methods could affect the adaptation of older
workers to technological changes.

Processing the collected data not only allowed for quantitatively assessing the level of
knowledge assimilation and employee engagement in automation processes but also qualitatively
assessed the influence of age-related factors on adaptation. These data formed the basis for
recommendations aimed at enhancing training programs and psychological support for older
employees during the implementation of new technologies.

3. Results
Results after the three-month training conducted from March to May 2022.

Table 1. Comparative Evaluation of the Effectiveness of Different Approaches to Automation Training Among
Employees Over 50 Years Old.

A 1
No. Indicator . ?lapted -G‘e nera Notes
Training Group || Training Group
Knowledge Evaluation based on test
1. 889 729
Retention (%) o o results and LMS activity.
) Stress Level (1-10 39 6.5 Stress measurement using
' rating) ' ' stress scales.
Engagement in o Data on time spent on
. 759
3 Training (%) 90% 5% training materials (LMS).
Satisfaction with Participant evaluation via
4. Training (1-10 8.7 52 online surveys on
rating) satisfaction level.
leflcu.lty Evaluation of difficulties in
Adopting . .
5. 2.1 6.8 adopting automation and
Technology (rated IT technologi
1-10) echnologies.
Progress in Subjective assessment of
6. || Adaptation (1-10 9.0 6.0 progress in adapting to
rating) new technologies.
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1. Knowledge Retention (%) - Determined based on the results of testing and activity on the
LMS platform.

Formula for calculation:

Knowledge Retention = (Average test score + Percentage of completed tasks + Average activity
on LMS) /3 (1)

Adapted Training Group: (90+95+80) / 3 = 88%

General Training Group: (75+75+65) / 3 =72%

2. Stress Level (Rating 1-10).

Measured using the Perceived Stress Scale (PSS). The Perceived Stress Scale was developed by
Sheldon Cohen in 1983 along with colleagues Tom Kamarck and Robin Mermelstein.

Participants answered questions, and then the average score was calculated.

Range of Calculation: 1 (low stress) — 10 (high stress).

Average Scores:

-Adapted Training Group: 3.2

-General Training Group: 6.5

3. Engagement in Training (%).

Determined based on LMS data:

-Percentage of completed modules;

-Time spent on the platform;

-Number of tasks completed.

Formula for calculation:

Engagement = (Average percentage of completed modules + Average activity on
LMS) /2 (2)

dapted Training Group: (95+85) / 2 =90%

general Training Group: (80+70) / 2 =75%

4. Satisfaction with Training (Rating 1-10).

Evaluated through online surveys where participants expressed their degree of satisfaction (1 —
completely dissatisfied, 10 — completely satisfied).

The final score was calculated as the average of the responses.

Average Scores:

-Adapted Training Group: 8.7

-General Training Group: 5.2

5. Difficulty Adopting Technology (rated 1-10).

Subjectively assessed through questionnaires, where participants indicated how difficult it was
for them to learn new technologies (1 — easy, 10 — very difficult).

Average Scores:

-Adapted Training Group: 2.1

-General Training Group: 6.8

6. Progress in Adaptation (Rating 1-10).

Calculated based on participants' self-assessment and their supervisors' ratings.

It included the following parameters:

- Assessment of confidence in using the technologies;

-Percentage of successfully completed tasks using new tools;

-Final score — the average of these ratings.

Average Scores:

-Adapted Training Group: 9.0

-General Training Group: 6.0

The data shows that adapted training with the added improvements significantly increases
employee engagement and satisfaction, reduces stress and difficulties in learning technologies, and
accelerates the adaptation process.

Activity Assessment.

Table 2. Analysis of Employee Learning Activity Based on Training Approach.
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Indicator Adapted Training General Training
Group Group
Average time on platform 8 hrs 5 hrs
(hours/week)
| Frequency of visits (per week) H 3 visits H 2 visits |
| Test completion (in %) H 95% H 75% |
| Number of interactions on the forum H 5 posts/comments H 2 posts/comments |
Quality of task ccirg;pletlon (rating 1- 9.0 6.5

Based on this data, it can be concluded that the group that received enhanced, age-adapted
training demonstrated significantly greater engagement in the learning process compared to the
group that received general training.

Differences in General Patterns Between the Two Groups.

1. The adapted training group demonstrates consistent growth in key indicators, such as
knowledge acquisition, engagement in learning, and adaptation progress. The curve shows a steadily
increasing pattern, indicating better reception of training and reduced difficulty in mastering
technologies.

2. The general training group shows a less pronounced dynamic and a decline at certain
stages. For instance, the stress level remains high, engagement is lower, and difficulties in mastering
technologies persist longer. The curve is flatter and more unstable, indicating difficulties in
adaptation.

The overall pattern shows that personalized training, taking age-related factors into account,
contributes to more effective knowledge acquisition and a reduction in stress levels compared to
universal programs.

Research Results and Surveys After One Year of Work at Enterprises (March 2023).

The study revealed that older employees demonstrated a clear interest in learning new
technologies, supporting previous findings [22]. If information about the benefits of automated
systems is properly conveyed to older workers, explaining that these technologies are not created to
replace human labor but to facilitate work processes and increase efficiency, it will help reduce their
concerns. It is important to conduct special presentations where it is explained how automation and
artificial intelligence can become useful tools to support them in performing tasks, rather than
threatening their jobs. This approach will help build trust among senior employees towards new
technologies and stimulate their willingness to adapt and learn.

However, one year after the initial three-month training, when the adaptive learning group
rejoined the company as part of the initiative titled 'The Importance of Continuous Learning and
Development,’ new challenges emerged. Many older workers expressed reluctance toward
continuous learning, preferring that technology training occur only once every few years.
Specifically, 30% of the 100-person group refused to continue training on new automated processes
after a year, citing that it interfered with their focus on production processes.

To understand the specific difficulties workers faced, surveys and tests were conducted before
the training began, immediately after the three-month program, and a year later. The results showed
that many participants experienced stress and difficulties mastering new technologies, despite
positive test results that confirmed their knowledge. Presentations and training sessions conducted
at the beginning and end of the training were aimed at clarifying the goals and benefits of the
technologies. However, it is important to note that after a year of working with new processes, older
employees expressed fatigue from continuous learning and focusing on new tools, which also became
a significant barrier. The presentations and informational sessions helped reduce anxiety, but
employees did not always see the specific benefits of continuous learning in the context of
automation. While Beatrice (2024) emphasizes the importance of continuous learning and
development to equip employees for working in automated environments, our findings reveal
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significant motivational and practical barriers to long-term learning engagement among older
workers. This suggests a need to complement theoretical approaches with realistic strategies tailored
to older employees' capacities and expectations [14].

4. Discussion

This study developed and applied a framework for assessing stress and the difficulty of adapting
workers over 50 years of age to the introduction of automation in the workplace. The assessment
system included both objective and subjective indicators, such as stress levels, difficulties in
mastering technologies, and progress in adaptation. The system was designed considering real work
conditions, which allowed for an effective evaluation of how the introduction of new technologies
impacts employees' psychological state and how successfully they cope with changes.

In the context of adapting workers over 50 years of age to the introduction of automation in the
workplace, objective and subjective indicators may vary. Barriers to the implementation of the
continuous learning theory were also identified. For example, motivational barriers— not all older
workers see the need for continuous learning, especially if they do not feel the direct benefit of the
technologies being implemented in their daily tasks, or they consider them unnecessary for
performing their current duties. Psychological barriers, including fear of new technologies and lack
of confidence in their abilities, may lead to resistance to change and reduce engagement in
educational processes.

This study is limited by the relatively small sample size and the practice-focused design. As a
result, the analysis was descriptive, and no formal statistical tests were applied. However, the
comparative data still offer important insights into group differences in engagement and adaptation.

Table 3. Evaluation of Employees' Response to Training and Adaptation to Technologies.

. Knowledge .
Evaluation | Stress (on . 5 Reaction to Comments/Challenge
. Retention ..
Period scale) Training s
(from tests)
Positive Fear of new
Before . . .
. High Low expectations, but || technologies among
training .
anxiety older worker
After 3 Positive reaction, ||Some fatigue from the
months of || Medium High interest in new intensity of the
training knowledge program
30% refused to .
. . .. Resistance and low
One year | Medium- . continue training, -
.. Medium o motivation among
after training Low feeling it interferes
X some older workers
with work
While the
informational
. (Indirectly .
Reaction to » presentations helped
. positive effect, Some workers .
presentation alleviate initial
. but not found them useful, .
s and Medium . anxiety, they were
.. measured but resistance . R
training . insufficient in fully
. separately by remained . .
sessions overcoming resistance
tests) )
to technological
changes.
Objective Indicators:
1. Time Spent on Learning Platforms (LMS) — a quantitative measure showing how much

time an employee devoted to learning. The more time spent, the higher the involvement in the

process.
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2. Frequency of Accessing Learning Materials (per week) — a quantitative indicator
demonstrating how often an employee returns to learning and how actively they engage with the
materials.
3. Test Results (in %) — an objective metric measuring how well the employee has mastered
the new information and skills. This indicates the level of material comprehension.
4. Number of Interactions on Forums or Groups — a quantitative assessment of participants'

activity, based on the number of posts or comments. This can indicate how engaged the employee is
in collective discussions and knowledge sharing.

5. Quality of Task Completion (rating on a scale of 1-10) — the basis for an objective
assessment of the completed work, including quality standards, even though the evaluation can be
somewhat subjective depending on the trainer's or expert's expectations.

Subjective Indicators:

1. Stress Level (rating on a scale of 1-10) — a subjective assessment of the stress an employee
feels during the adaptation to new technologies. The higher the score, the more stress is experienced
during the change process.

2. Satisfaction with the Training (rating 1-10) — the employee's perception of the usefulness
and effectiveness of the training. This indicates how comfortable they feel during the training process.
3. Difficulty in Learning Technologies (rating 1-10) — a subjective assessment of how

difficult it is for an employee to master new technologies. The higher the rating, the more difficulties
are encountered in the adaptation process.

4. Progress in Adaptation (rating 1-10) — a subjective assessment by the employee of how
they feel about their progress in mastering new technologies. This is an important indicator of their
perceived success in the learning process.

5. Conclusions

Digitalization can have both positive and negative effects on the perception of aging in the
profession, including the opportunities for continued work and social activity of older employees [6].
The main issues include a lack of skills, the need for retraining, technological anxiety, cultural
changes, and age discrimination [25, 30]. The importance of designing ethical and inclusive smart
workplaces that prioritize the well-being of older employees during digital transformation has been
emphasized in previous research [31]. The findings of this study support this perspective, showing
that psychological support and ethically grounded training practices play a crucial role in reducing
stress and improving technology acceptance among workers over 50. For older age groups, digital
literacy can be an important factor in ensuring their employment [7]. Digital technologies can be a
tool for strengthening their independence and participation in society, as well as for increasing
feelings of helplessness [21].

The goal of this study was to create a real-time assessment system to measure the level of
adaptation of employees over 50 years old to automation processes at the enterprise, using adapted
training programs and applications for data collection, as well as to explore the readiness of older
workers to adopt the concept of continuous learning in the context of the transition of modern
enterprises to a new stage, where the ability to continuously acquire new information throughout
their professional careers plays a key role.

To assess the impact of age on the perception and adoption of new technologies, 100 employees
were involved in the study, divided into two groups. The long-term effect and continuity of training
were also examined.

Informal learning elements play a key role in the process of older adults mastering digital
technologies and how these elements affect their subjective impressions of training and using
technologies in daily life [19]. Digital technologies have the potential to either empower or
marginalize older adults, depending on how they are introduced and supported in the workplace
[21]. The aging of the population and the workforce affects the vulnerability of older workers' jobs in
the context of the introduction of new technologies. As automation and artificial intelligence continue
to transform industries, older workers may face greater challenges in adapting to these
advancements. The introduction of new technologies can result in increased job displacement risks,
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especially for those with limited digital skills or those who have been in a particular job for a long
time. At the same time, these technologies can also create new opportunities for older workers,
particularly in roles that support technological integration and maintenance. Understanding the
balance between these challenges and opportunities is essential for creating supportive work
environments that help older employees remain productive and engaged in the workforce [32].

These findings underscore the importance of tailoring technological training and support
systems to the cognitive and emotional needs of older employees, ensuring their inclusion and
productivity in the evolving digital workplace.

Objective factors, such as engagement and test performance, directly depended on the
individual features of the training and the adaptation of the training materials for older employees.
Subjective factors, such as stress and the perception of difficulties, tended to decrease in the group
that underwent adapted training compared to the group that followed the general program.

The findings underline the practical value of customizing training frameworks to align with age-
related cognitive and emotional needs. It also revealed the attitude and perception of workers over
50 years old towards continuous learning, and that not all older employees are ready for it.

This study makes a significant contribution to understanding the process of adaptation of
employees over 50 years old to the introduction of automation and new technologies in enterprises
and continuous learning. It highlights the importance of considering age characteristics in
educational and training programs, which not only contributes to more effective knowledge
acquisition but also reduces stress levels and resistance to change. In particular, the results show that
adapted courses and individualized approaches to training can significantly improve outcomes when
training older employees, helping them adapt more quickly to changes in the technological process.

Future research may expand on this topic by considering the influence of other factors, such as
cultural differences, digital literacy levels, and prior experience with new technologies, which will
allow further optimization of educational programs and processes for implementing innovative
technologies in enterprises.

Despite the significant advantages of this study over previous research, it is important to note
its limitations:

- Use of real work conditions: One of the significant advantages of the study is the data collection
in real work conditions rather than laboratory settings. This allowed for more accurate and reliable
data reflecting the actual factors influencing employees' adaptation to new technologies and their
perception of changes in the work process.

- Focus on the older generation of workers: One of the unique aspects of the study is its focus on
the adaptation of older employees (over 50 years old) to automation and Al Unlike most studies that
often focus on younger generations, this study helps to understand how older workers perceive the
introduction of new technologies, which is important for optimizing adaptation processes in
workforces with diverse age structures.

- Adapted training: The study assessed the effectiveness of two types of training (general and
adapted for older employees), which allows for conclusions about which approach is more effective
for older workers. This is an important contribution to the development of training programs that
account for the age characteristics and needs of workers.

- Long-term effect and the theory of continuous learning checked in real time, with real people.

The results of this study should be interpreted with some limitations. These include the
restriction on diversity during data collection. We only collected data from employees over 50 years
old working in two enterprises, which may limit the generalizability of the results to broader groups
of workers or enterprises in other industries. It is important to note that the perception of automation
and adaptation to new technologies may vary depending on the industry, corporate culture, and
other factors, such as employees' personal experience and prior interactions with technologies.

Technological solutions play a key role in creating and maintaining a healthy, productive, and
efficient work environment, especially in the context of an aging workforce. Innovations in
automation, artificial intelligence, and digital platforms allow work processes to be adapted to the
age characteristics of employees, reducing physical and cognitive load. Interactive training systems,
personalized upskilling programs, and adaptive interfaces help older employees master new
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technologies and remain in demand on the labor market. Additionally, digital tools can contribute to
monitoring employees' health, preventing burnout, and creating inclusive working conditions, which
ultimately improves the overall efficiency and resilience of organizations [33]. Future research is
recommended to include a more diverse sample, including employees from different age groups and
professional backgrounds, as well as across different time intervals. This will allow for a more
comprehensive picture and provide practical recommendations for the implementation of
technologies in enterprises. Furthermore, it is important to use a wider range of tools to assess the
effectiveness of employees' adaptation to automation and Al, which will help improve the technology
implementation process and reduce resistance to change among older workers.

Future research is needed to improve and consider a broader range of factors. The results of this
study have identified several areas for further valuable research. First, the impact of personal
characteristics of employees, such as education level, prior experience with technologies, and
personal preferences regarding changes in the work process, should be considered. These factors can
significantly influence the perception of automation and Al and employees' readiness to adapt to new
conditions and continue lifelong learning.

It is important to expand the research to include a variety of industries and types of enterprises.
While this study focuses on the energy sector, future research may include other industries, such as
manufacturing, healthcare, or transportation, where the introduction of automation and Al may have
different implications for employees, including older employees.

A more detailed study of the psychological aspects of adaptation is necessary, such as stress
perception, resistance to change, and confidence in the ability to cope with new technologies. These
factors may vary not only by age but also by other variables, such as personal motivation, social
support, and stress levels.

Furthermore, future research could explore more long-term effects of automation, including
stress resilience over time and its impact on the psycho-emotional state of older employees during
the adaptation process. This will help to better understand the dynamics of changes and propose
strategies for optimizing them. For example, research focusing on digital skills among older workers
highlights the importance of developing these skills to reduce automation risks and improve
adaptation [34]. Understanding how digital skills can alleviate stress and emotional challenges faced
by older employees will help develop more effective support and training strategies for this group.

It can also be concluded that the aging workforce is becoming one of the reasons for the
implementation of automation, especially through robotics, in various countries [35], [36]. Studies
show that in highly developed markets, with a decrease in the number of young and middle-aged
workers, the demand for automation is growing. This is observed in countries with an aging
population, such as Japan and Germany, which apply robotics on a much larger scale compared to
other countries. The introduction of artificial intelligence into work processes can influence
employees' decisions to retire early. This is particularly noticeable among workers with higher
education, for whom new technologies can serve as an incentive to continue working, while for
employees without higher education, these changes have less impact [37]. Moreover, many
companies are facing a shortage of labor due to the mass retirement of baby boomer generation
workers, and they are using automation and artificial intelligence to increase productivity and
optimize their work processes. Examples include companies like Amazon and Schneider Electric,
which are actively implementing new technologies, including robots and Al to improve workflows,
while also training workers to interact with machines. Furthermore, despite initial concerns from
workers, automation can create new and better jobs, not just replace them [2]. Recent studies also
show that the implementation of artificial intelligence (AI) and industrial robots in enterprises can
contribute to job creation rather than displacement [38].
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