® —

WIAE

World Journal of Advanced Engineering Technology and Sciences W,
cISSN: 2582-8266  Avaned
Cross Ref DOI: 10.30574/wjaets s e
WJAETS Journal homepage: https://wjaets.com/
(REVIEW ARTICLE) W) Check for updates

Systematic literature review on the evolution of human-machine collaboration in the
workplace

Firoz Mohammed Ozman *

Solutions Architect, Anecca Ideas Corp, Toronto, Canada.

World Journal of Advanced Engineering Technology and Sciences, 2025, 15(03), 1981-1999
Publication history: Received on 09 May 2025; revised on 14 June 2025; accepted on 16 June 2025

Article DOI: https://doi.org/10.30574 /wjaets.2025.15.3.1043

Abstract

The inclusion of advanced technology within workplaces has significantly transformed human-machine collaboration.
From the initial stage of industrial automation to the modern artificial intelligence-based decision-making process,
business organizations have depended heavily on machines to improve their accuracy, efficiency, and productivity.
Human-machine collaboration has extended beyond basic automation, facilitating synergy where human and intelligent
tools work together to perform complex tasks. The rapid development of artificial intelligence, machine learning and
robotics has redefined job responsibilities and has reshaped workforce dynamics. It has been observed that though
technology promises to provide efficiency gains, it has also pointed out specific concerns regarding ethical
considerations, the evolving nature of the work environment and job displacement.
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1. Introduction

Considering the past era, it has been observed that machines have taken a crucial role in reducing human workload,
which has been marked by the advent of mechanical manufacturing during the Industrial Revolution and the installation
of computers in the 20th century.

The recent advancements observed in terms of robotics and Al have brought acceleration to the transformation process,
contributing to human-machine collaboration in decision-making, operational execution, and data analysis.
Collaborative robots, commonly known as cobots, have been designed to work alongside humans in industries like
healthcare, logistics, and manufacturing, enabling the maintenance of productivity and safety (Chiurco et al.,, 2022). Al-
powered systems have been responsible for guiding professionals in finance, creative industries and education. It has
been accountable for augmenting human expertise rather than replacing it (Téth et al, 2023). Since business
organizations have accepted Industry 4.0, gaining a significant understanding of how human-machine collaboration has
evolved will enable them to navigate its challenges and opportunities.

1.1. Problem statement

Regardless of the benefits of human-machine collaboration, numerous business organizations have been experiencing
challenges in integrating automation and Al within workflow without disrupting workforce stability (Adel, 2023). The
primary concern is to maintain a balance between the human side and machine intelligence to ensure workplace
inclusivity and ethical decision-making accessibility, and resistance from the employees that might hamper the seamless
collaboration process (Cross & Ramsey, 2021) The limited number of clear policies governing Al-human interaction has
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raised concerns about accountability, skill transformation, and job security. Addressing these issues is imperative for
optimizing human-machine collaboration without widening socioeconomic inequalities.

Research aim

This study explores the evolution of human-machine collaboration in the workplace, focusing on technological
advancements, workforce adaptation, and the socioeconomic impact of Al-driven systems.

Research objectives

e To analyze the historical progression of human-machine collaboration and its impact on workforce
dynamics.

e To examine the role of Al, robotics, and automation in reshaping workplace interactions.

e To identify key challenges and opportunities arising from increased machine integration.

e Toassess the implications of human-machine collaboration on job roles, productivity, and decision-making
processes.

1.2. Significance of the study

Understanding how human-machine collaboration has evolved is crucial for business leaders, employees, and
policymakers to navigate the increasingly automated workplace. This study will present insight on how Al-human
interaction can be optimized to ensure ethical consideration and address risks such as job displacement (Nagy, Ruppert
& Abonyi, 2022). [t will also highlight the strategies required to upskill the workforce to address the future advancement
of human and machine intelligence. By developing a collaborative environment, organizations focus on leveraging
technology while maintaining human-centric values.

1.3. Research Gap

The existing studies have primarily used automation to replace human labour rather than presenting it as a potential to
augment human proficiency. While the studies have addressed Robotics implementation and Al adoption, limited
information has been available regarding the nuances of human-machine synergy in decision-making and creative
problem-solving (Nderitu, 2023). Hence, a significant lack of a comprehensive framework has been visible in guiding
the ethical implementation of Al within the workplace. This study will focus on filling the gap by analyzing how human-
machine collaboration has brought optimization to ensure fairness, productivity and long-term sustainability.

2. Literature review

The evolving nature of human-machine interaction has been a vital aspect of technology and advancement, shaping the
efficiency and effectiveness of industrial processes. The transition from Industry 4.0 to Industry 5.0 marks a significant
shift from automation-driven systems to a human-centric, collaborative environment.

2.1. Evolution of human-machine interaction

Industry 4.0 has been featured by increased data exchange, automation, and cyber-physical systems. A study by Nardo
et al. (2020) opines that humans played a significant role within the Industry 4.0 paradigm, focusing on the need for
adaptive interfaces for improving human decision-making. With the progress of the industries towards Industry 5.0, the
focus has moved to harmonious human collaboration, where human capability is being complemented by machinery
features rather than replacing them. As Pizon and Gola (2023) argued, Industry 5.0 has provided a future road map
where primary emphasis has been given to humans and intellectual approaches within industry. The study has pointed
out the importance of designing systems correctly aligned with human cognitive and ergonomic requirements.
Similarly, Mourtzis et al. (2023) have analyzed the advancements in human-machine interfaces (HMI), enabling intuitive
interaction and reducing cognitive overload among workers.

2.2. Human-Machine Collaboration and Workforce Transformation

Incorporating Al-driven systems within the industrial sector has brought significant implications to workforce
dynamics. As Krishnan et al. (2024) stated, man-machine collaboration has been significant within the IT industry and
has had a major influence on employee engagement levels. The findings have highlighted that Al-enabled tools improve
efficiency; however, they need strategic implementation for maintaining job satisfaction and addressing resistance
towards technology change. Habib et al. (2021) have analyzed the shift from human-human cooperation to human-
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machine cooperation within Industry 4.0. This study has narrated the significance of designing systems that support
seamless collaboration, thereby ensuring that machines can properly augment human roles rather than replacing them.
It has also been observed that Kaasinen et al. (2022) have given measures to stress the challenges faced in exercising
resilient and smooth teamwork within Industry 5.0, which advocates for an adaptive Al model for improving
collaborative efficiency.

2.3. Emerging Technology and Human-Machine Partnerships

The emergence of collaborative robots and intelligent automation has created a broad transformation within workplace
interactions. Cheon et al. (2021) investigate the role of emerging technologies in shaping future workplaces, identifying
key factors such as Al, augmented reality, and machine learning. On the other hand, Lu et al. (2021) have argued
regarding anthropocentric human-machine symbiosis, where adaptability and flexibility are prioritized over a rigid
automation framework. The establishment of innovative manufacturing techniques has further helped in practising
real-time collaboration. However, the review of Yang et al. (2022) shows that human-machine interaction within
Industry 5.0 has prioritized human-centric innovative manufacturing solutions. The article has pointed out that
adaptive interfaces and predictive analytics significantly improve workplace productivity. At the same time, Rani et al.
(2024) discussed that additive manufacturing is a significant enabler of Industry 5.0, showing that Al-driven design
processes can effectively improve manufacturing efficiency.

2.4. Ethical and Organizational Considerations

It has been observed that human-machine collaboration has provided numerous benefits but has also resulted in
significant organizational and ethical challenges (Ozman, 2025). Lin et al. (2022) evaluated the influence of abusive
management in Al-integrated workplaces, thereby extracting the significant findings that unevenly implemented
automation is responsible for employee disengagement. On the other hand, Jha et al. (2024) propose human-machine
interaction within humanoid robotics when the primary focus has been on ethical concerns regarding data privacy and
job displacement. La Torre et al. (2021) have proposed the goal of developing a programming model for AlI-human team
formation, advocating for balanced decision-making frameworks to help optimize human expertise and machine
efficiency.

3. Material and methods

This chapter will outline the research methodology used to investigate the evolution of human-machine collaboration
within the workplace. The study employed a systematic approach to ensure validity and reliability while incorporating
a well-organized search strategy and focused inclusion and exclusion criteria.

3.1. Search strategy

This study has conducted a comprehensive literature search from academic databases, including Google Scholar, IEEE
Xplore, ScienceDirect, Scopus, and Web of Science, where peer-reviewed journal articles, conference papers, and
industry reports relevant to human-machine collaboration have been identified. For searching relevant and topic-
centric documents and materials, the keywords used are "human-machine collaboration,” "Al in the workplace,”
"automation and jobs," "cobots," "workforce transformation,” "human-Al synergy," and "ethical Al implementation". A
Boolean operator, which includes AND/OR, was used to refine the search results and retrieve related studies. To
improve the credibility of the sources, a significant focus has been given to the articles published in reputable conference
proceedings and high-impact journals. The search has been limited to studies published in English to maintain
consistency in accessibility within interpretation.

3.2. Exclusion and inclusion criteria

Studies have been obtained based on the following inclusion and exclusion criteria:

Table 1 Inclusion and Exclusion Criteria

Criteria Inclusion Exclusion

Language Studies published in English Non-English studies without accessible
translations

Publication Peer-reviewed journal articles, conference papers, | Opinion pieces, non-peer-reviewed sources,

Type and industry reports non-academic blogs
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Relevance Research focused on Al robotics, automation, and | Studies on Al applications outside the
human-machine collaboration in the workplace. workplace (e.g., healthcare, autonomous

vehicles)
Timeframe Studies published between 2010 and 2024 (older | Studies before 2010 unless they provide a

papers included if foundational) significant theoretical context

Content Focus | Papers discussing Al's impact on jobs, decision- | Studies focusing solely on automation

making, and productivity without human involvement

Empirical
Evidence

Papers providing empirical data, theoretical | Papers lacking empirical evidence or
models, or case studies theoretical contribution

(Source: Self-Developed)

3.3. Time Horizon

The study primarily emphasizes the studies published between 2019 and 2024, covering recent advancements in
automation and artificial intelligence. The selection of the period has been significantly justified due to the rapid
technological advancement evident in the past 5 years in terms of robotics, machine learning and workplace

automation,

3.4. Prisma

specifically before introducing the industry 4.0 concept.

The Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA have been followed to maintain a
transparent and structured review process. The following measures have been taken to finalize the 50 papers selected.

Identification: The initial database search retrieved 320 papers based on the defined keywords.
Screening: After removing duplicates and non-relevant titles, 200 papers remained.

Eligibility: Abstracts and full texts were screened based on the inclusion and exclusion criteria, reducing
the number of papers to 80.

Final Selection: A detailed assessment of quality, relevance, and contribution to the research topic led to
the selection of 50 papers for in-depth review and analysis.

The rigorous methodological approach has ensured that the study is grounded on relevant, high-quality, and updated
literature, maintaining a strong foundation for evaluating the evolution of human-machine collaboration within the

workplace.
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Figure 1 PRISMA Framework

4., Results and discussion

The evolution observed in human-machine collaboration has altered workplace dynamics as automation and artificial
intelligence have increasingly augmented human tasks rather than replacing them (Brynjolfsson & McAfee, 2021). The
findings have highlighted that Al-driven technologies have facilitated job redesign, which has helped human workers
focus on higher-order cognitive activities and improve their productivity level (Wilson & Daugherty, 2023).

4.1. Impact on Workforce Productivity

The most prominent theme from the collective data is the influence of human-machine collaboration on workforce
productivity. Al-driven automation techniques are suitable for streamlining repetitive tasks, improving efficiency, and
minimizing human errors (Davenport & Ronanki, 2022). In manufacturing, collaborative robots (cobots) have improved
assembly-line speed and precision, reduced workplace injuries while increasing production rates (Bessen, 2022).
Simultaneously, Al-powered algorithms have improved the finance sector’s risk assessment and data analysis, enabling
financial analysts to make more strategic decisions (Acemoglu & Restrepo, 2022). Regardless of the benefits, significant
concerns have been raised regarding employee displacement. While Al has helped improve efficiency, it has also
demanded an experienced and advanced skill set, which has resulted in a growing need for upskilling and reskilling
programs (Autor, 2021). Organizations that have failed to introduce workforce training programs have widened the
risk of skill gaps, thereby hampering the process of workforce adaptation and Al adoption.\
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4.2. Job evolution and role redefinition

The findings have pointed out that Al-driven transformation has not aimed at causing job displacement purposely, but
has focused on redefining job responsibilities. It has been observed that within customer services, Al-powered chatbots
are beneficial in handling routine enquiries, which enables human representatives to concentrate on customer
engagement and complex problem-solving. Even in the Healthcare sector, Al has provided guidance regarding
administrative tasks and diagnostics, allowing nurses and doctors to provide more time for patient care. However, the
central issue in this aspect is the fear of job insecurity, which is evident among the employees. Studies show that workers
in industries with high Al penetration often experience anxiety regarding job stability, which can lead to resistance to
Al adoption (Tambe et al., 2022). Resolving these issues will require the introduction of structured training programs
and transparent communication, enabling employees to easily transition to the new rules where human skills are highly
needed (Westerman et al., 2023).

4.3. Ethical and social implications

The inclusion of Al within the workplace has increased ethical and social concerns (Ozman, 2025). In this aspect, it is
observed that the significant issue is the rise of algorithmic bias, where Al systems reinforce societal prejudice because
of biased training data. In specific scenarios, Al-based recruitment systems have demonstrated tendencies to prefer
selected demographic groups over others, leading to concerns about fairness and inclusivity (Raghavan et al., 2022).

4.4. Future trends and challenges

The emerging technologies, including neuro-symbolic Al, generative Al and edge computing, have widened the
integration of machine Intelligence with human cognition (Bryson, 2023). Business organizations must implement a
balanced approach combining human entry policies with technology adoption (Ford, 2023).

5. Conclusion

Human-machine collaboration has evolved within the workplace and transformed the industry by redefining job roles,
improving decision-making processes, and enhancing efficiency. While Al-driven automation has enabled streamlining
repetitive tasks, it has also pointed out the necessity of upskilling the workforce to bridge the emerging skill gap. The
findings of this analysis have highlighted that Al has not been responsible for replacing jobs completely but has focused
on augmenting human capabilities, specifically within the healthcare, finance and manufacturing industries. The major
ethical issues that might arise are data privacy and algorithmic bias, which must be addressed by maintaining
transparency and fairness within Al integration.

Recommendations

The recommendations provided are as follows:

e Companies should invest in training programs to equip employees with Al-related skills and ensure they
can adapt to evolving job roles (Manyika et al., 2021).

e Organisations must establish ethical guidelines and bias mitigation strategies to ensure Al-driven decisions
are fair and inclusive (Floridi & Cowls, 2023).

e Businesses should implement hybrid work models emphasizing Al as an enabler of human efficiency rather
than a replacement (Westerman et al.,, 2023).
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