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ARTICLE INFO ABSTRACT

Received: 22 June 2025 Generative artificial intelligence is changing how things are made. It's not just about

robots doing tasks anymore; it's about people and AI working together. This article

looks at how this collaboration is happening in manufacturing. It explains how

Accepted: 10 Aug 2025 theories about teamwork and technology help us understand this shift. Generative
design is proving to be a game-changer. It lets computers and people work together
to come up with ideas neither could achieve alone. When it comes to making things,
Al provides up-to-the-minute data and insights. Human workers add their insights
and make smart decisions. However, making these changes has challenges - the
need for clear algorithms and good data, and companies assisting employees in
adapting to the new systems. It's vital to consider ethics when balancing tech with
worker respect. This shift to human-AI collaboration isn't just an improvement. It's
a reevaluation of manufacturing, blending human ingenuity with machine
capabilities for innovation and process refinement.
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1. Introduction

The manufacturing world is changing fast, with artificial intelligence moving from a simple tool to a
partner in coming up with new ideas and making things. This change means organizations need to think
differently about how people and machines can work together to make manufacturing better. Using
artificial intelligence has brought big changes to factories, changing how things have been done for
years. Studies show that factories using artificial intelligence are doing things faster and better. As
artificial intelligence gets better at solving problems and seeing patterns, the industry needs to find ways
to use artificial intelligence while still valuing what people can do.

Manufacturing is changing as artificial intelligence gets better and spreads across different industries.
There's a growing understanding that artificial intelligence can do much more than just calculations.
With machine learning and data analysis, manufacturers can tackle problems that once seemed
impossible. This has opened doors to making production better, improving quality, and creating new
products that customers want.

Moving from simple artificial intelligence tasks to teamwork between humans and artificial intelligence
is a big change from how manufacturing used to work. This change means rethinking how factories are
set up and how people work. Experts say that artificial intelligence systems should be clear, dependable,
and fair to work well with people. It's important to think about how these systems affect people,
ensuring that technology makes people's jobs better, not worse.

This means looking at how artificial intelligence can help people instead of replacing them, creating a
relationship where both can do their best. To make this work, entities need to carefully plan how people
and artificial intelligence interact, how work is organized, and what skills people need. Factories need
to deal with technical, organizational, and cultural challenges to make the most of this teamwork. The
goal is to create a place where artificial intelligence supports human thinking, experience, and
understanding.
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This article looks at all sides of human-artificial intelligence teamwork in manufacturing, including the
theories behind it, how it's used in practice, and what it means for the future. By looking at what's
happening now and what's coming next, this article gives ideas on how factories can use artificial
intelligence to its full potential while keeping the important role of people in making things.

Metric Category Value/Description
Evolution Stage From a mere automation tool to a collaborative partner
AI Application Shift E;(;Iri xslrallfsactional (predetermined inputs/outputs) to collaborative
Focus Change From replacing human workers to augmenting human capabilities
Approach Creating a symbiotic relationship, leveraging unique strengths
Article Scope Theoretical foundations, practical applications, and future implications

Table 1: Transformation Metrics of Al Implementation in Manufacturing Environments [1,2]

2, Theoretical Framework: From Automation to Augmentation

Moving from automation to helping people is a big change in how the contemporary industry sees Al in
manufacturing. Before, automation was about replacing people with machines, which sometimes meant
job losses and the loss of important knowledge. Now, organizations understand that using Al to help
people do their jobs is better than just automating everything.

Isaza and Cepa propose that robots will alter work methods, rather than simply causing job losses. This
shift means that people and machines will have to collaborate, which calls for teamwork. It is the need
of the hour to view Al as a tool for improving human skills, rather than an outright substitute.

This supports the idea that people’s thinking extends beyond their brains to include the tools, tech, and
social structures that they use frequently or daily. Manufacturing shows this well, with workers,
computers, and company structures sharing knowledge. When Al is added, it helps develop new ways
of group thinking by combining human and machine skills. In manufacturing, AI becomes part of a
bigger system where human creativity and moral sense meet Al's data processing and pattern
recognition.

This mix makes what researchers call hybrid intelligence—solving problems in ways that people or
machines alone can't. Hybrid intelligence means that the best results come from carefully planned
teamwork between human thinking and computer power. Huang et al. give a framework for digital twins
that shows how human knowledge and machine learning can be used together to make systems that
keep getting better through shared learning [4]. These systems use human intuition and experience
while also using Al to process data and see patterns.

Using Al to help people also fits with the idea that the best results come from mixing social (human)
and technical (AI) parts well. This idea says that technology can't be understood alone, without its social
side. Attention must be given to both the technical parts and the human side to get this to work
appropriately. Manufacturing is a good example of this, where technology needs to fit with how the
company is organized, what skills workers have, and the company culture. Putting in place digital twin
technologies, as Huang et al. describe, shows how good modeling can capture both technical details and
human decisions to make systems that are truly connected [4].

This method suggests that work should combine human skills like adaptability, ethical judgment, and
contextual understanding with AI's strengths in data processing, idea generation, and trend
identification. To maximize Al's benefit to people, task division between humans and machines requires
careful consideration, ensuring system and cooperation.
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Comparison Factor Description
Traditional Automation Focused on replacing human tasks with machine processes
Automation Impact Workforce displacement and loss of tacit knowledge
Augmentation Paradigm Positions Al as a cognitive prosthetic enhancing human capabilities
Theoretical Foundation Draws from distributed cognition theory
Hybrid Intelligence Form of problem-solving transcending limitations of isolated work

. . . Optimal outcomes from the integration of social and technical

Sociotechnical Alignment elgmen ts g

Table 2: Comparative Analysis of Automation and Augmentation Paradigms [3,4]

3. Applications in Design and Innovation

Generative Al shows how powerful people and AI can be when they work together on design and new
ideas in manufacturing. Engineers and designers now use Al to explore designs that would be too hard
or complex for people to do alone. Generative design has changed how manufacturing companies create
products and improve structures. Watson et al. show that generative design can create space frame
structures perfect for additive manufacturing, with designs that traditional methods wouldn't come up
with [5]. These systems can make many different designs based on specific rules, using things like
materials, manufacturing, cost, and how well it needs to work.

This teamwork usually happens in steps. Al suggests designs based on data and goals, and then human
designers look at these ideas using their experience, style, sense, and knowledge of manufacturing. This
back-and-forth helps create new ideas by mixing computer creativity with human thinking and real-
world limits. Reviewing the designs is very important because it brings in things that are hard to
measure or put into Al, like how comfortable it is to use, the brand's image, or what people like. Singh
says that when people and Al work together, it’s important to design it so that it’s easy for people to use,
helping them be creative instead of getting in their way [6].

Real-world examples from the car and plane industries show how well this works. For example,
generative design has made lightweight parts that are still strong but use less material. Watson et al.’s
study on space frame structures shows how these designs can find new shapes that spread out weight
and use as little material as possible, especially when made with additive manufacturing [5]. These
advancements do more than just reduce weight; they also aid in heat control, lessen vibration, and
simplify construction.

True innovation happens when engineers improve Al designs by thinking about things like how easy
they are to make, get to for repairs, and fit with everything else. People are needed to catch things Al
might miss, like how easy it is to check and fix, and how well it fits with what's already there. Singh says
that to get the most out of people and AI working together, companies need clear rules that value what
both can do [6]. This teamwork often finds answers that neither could find on their own.

Generative design can change whole systems, not just parts. Factories are starting to understand that
using computers to explore ideas, along with what people know, can cause major but doable changes. If
companies focus on making these tools simple to use, design experts can be sure to use them, which
makes tech a helper for people's ideas instead of a replacement.

4. Production Optimization and Real-Time Adaptation

Generative Al is changing how factories handle production. Instead of sticking to old plans, the process
is more flexible and adapts to what’s happening in real-time. AI looks at production data all the time to
find problems, guess when machines might break down, and advise on how to make things better. This
switch to using AI means operations are handled differently. Instead of just fixing problems as they
come up, the focus is on getting things right from the start. Akinnagbe points out that when people and
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AT work together in manufacturing, they can get a lot more done. Al can do the math, and people can
use their knowledge to understand the situation. Together, they can create systems that change as things
change [7]. But to follow these ideas, manufacturing entities need people who know how factories really
work.

Experienced managers add useful knowledge to the process. They know how machines act, how the
workforce works, and the usual ways of doing things. This is very important for putting Al suggestions
into action. Factories have many little details that are hard to measure but still have a big impact. This
could be a different workforce based on the time of year, small quirks that machines have developed
over time, and the common ways people talk to each other to keep things running smoothly. If AT advises
changing a production line to make it faster, managers can see if those changes cause problems with the
normal flow of work or create unexpected issues. This way, improvements will make production better
instead of worse.

This teamwork also helps to quickly adapt to meet new situations. If there are supply chain problems or
machines break, AI can quickly come up with new schedules or ways to do things. Arinez et al. mention
that advanced manufacturing systems that use AI can make quick changes in real-time, especially when
people help to make smart choices about them [8]. Then, workers can look at these choices and use
their knowledge of what customers want, what the workforce can do, and the special features of the
machines. This way of choosing considers things that numbers can’t show, like customer relationships,
how good the product needs to be, and the long-term plans.

By combining AI's speed with people’s understanding, manufacturing systems can handle problems and
keep making things. Factories that use people and AI together say they are better at dealing with tough
situations while keeping quality high. Modern Al systems can constantly watch and change things as
needed. Algorithms look at lots of data from sensors to find new problems before they affect production.
Arinez and colleagues suggest that manufacturing's future depends on people and AI working together
better. This teamwork should lead to systems that combine the strengths of both, greatly improving
results [8].

Al's quick computations, along with human insight, can help manufacturing systems remain stable,
even when things are up in the air. This shift to flexible manufacturing is changing factories. Instead of
sticking to rigid plans, they're adopting systems that can adapt to changes, stay productive, and
maintain high product standards.

Optimization Aspect Description
AI Function C(.)ntinuously analyze production data, identify bottlenecks, and predict
failures
Transformation From a static planning exercise to a dynamic, adaptive process
Manager Contribution Contextual knowledge of equipment behavior and workforce capabilities
Human Assessment Whether changes might disrupt workflows or create complications
Adaptation Capability Al generates alternative schedules during disruptions
Evaluation Basis 'Cl'lstomer p.riorities, workforce capabilities, and equipment
idiosyncrasies
Table 3: Operational improvements achieved through integrated Al systems with human oversight

[7,8]

5. Challenges and Ethical Considerations

While human-AI teamwork in factories is great in theory, some real difficulties need solutions for it to
work. One tech issue is making sure artificial intelligence is easy to understand. Other issues include
keeping data top-notch, fixing biases, and having solid device security. It's hard for people and devices
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to team up when the reasoning behind Al isn't clear. Nikiforidis and team looked closely at how Al that
explains itself can be used in smart factories. They found that if workers can see how automated systems
work, they're way more likely to accept and have confidence in them. A lot of the time, AI seems like a
mystery, and this can make workers feel like they can't trust it when they don't get how it thinks.
When AI does more, it brings up questions about who's to blame when things go wrong with human-AI
projects. It's tricky to figure out who's responsible in these situations, which goes beyond how things
are normally handled in factories. Picture this: a design fails because Al suggested it, or things get
messed up because production was tweaked. Then it's hard to point fingers. Merchian-Cruz and others
came up with a guide for honest Al teamwork in factories, saying that confidence should be baked into
systems from the start. Companies need simple rules that say who does what between people and Al,
and who's on the hook for what happens.

A greater number of problems are created by people. Staff may feel anxious about job changes or fear
what Al can do. It's important to remember how tech changes affect factory workers. Training people
in new skills and getting them used to new methods is key. Even though AI will likely assist rather than
replace workers, they often worry about losing skills or jobs. To make this work, workers need solid
training to learn how to work with Al To build trust for workers and the business, Al systems need to
be clear about how they work. Nikiforidis et al. observed that people are more open to using AI when it
explains its decisions and admits possible errors. Companies must clarify to their employees that Al is
there to help them, rather than compete with them, so as to ease the plethora of concerns in their minds
about potential job losses.

To reach its full potential, human-device teams need workplaces that value the contributions of both
humans and AI. Merchan-Cruz and team emphasize that openness extends past just technology. It
includes AI's impact on society, such as worker training, fair distribution of wealth, and respect for
individuals in automated roles. To achieve true human-AI teamwork, companies should change their
standard methods and create surroundings where both can share know-how to reach common goals.
The most difficult part of adopting this teamwork might be making everyone comfortable with the
switch, so leaders need to be patient and encourage open discussion.

Challenge Category Description

Technical Challenge Ensur'ing A'I system transparency, managing data quality, and
reducing bias

Trust Issue "Black box" nature creates trust issues among workers

Ethical Consideration Questions about accountability for Al-suggested decisions

Responsibility Complexity Determining responsibility when Al suggestions lead to failures

Human Dimension Workers experience anxiety about changing roles

Solution Requirement Comprehensive training programs for Al collaboration skills

Cultural Need Creati'n‘g.a culture that values both human expertise and Al
capabilities

Table 4: Key challenges and mitigation strategies for successful Al adoption in manufacturing [9, 10]

Conclusion

The change in production using human and AI teamwork marks a key point in how industries grow.
Success comes not from picking either people or Al, but from blending them well to boost their
strengths. More and more, producers see that Al tech brings fresh chances for new ideas when paired
with people's irreplaceable wisdom, awareness, and moral thinking. Moving from just automating to
improving promotes the belief that the best results come from systems where technology helps, rather
than taking over people.
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As factories face issues like being clear about how algorithms work and helping workers adapt, the focus
turns to making places that build trust, encourage constant learning, and promote group problem-
solving. The best production in the future will have strong teamwork between humans and AI, where
computer power meets real-world knowledge to find results neither could get alone. This shift needs
ongoing dedication to moral rules, training, and company cultures that value both tech progress and
people's worth. This will set production as an example for using Al responsibly in all fields.

References

[1] Robert X. Gao et al., "Artificial Intelligence in manufacturing: State of the art, perspectives, and
future directions", ScienceDirect, 2024. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S000785062400115X

[2] Dongpeng Li et al., "Trustworthy AI for human-centric smart manufacturing: A survey",
ScienceDirect, Feb. 2025. [Online]. Available:
https://www.sciencedirect.com/science/article/abs/pii/S0278612524002747

[3] Lidia Isaza and Katharina Cepa, "Automation and augmentation: A process study of how
robotization shapes tasks of operational employees", ScienceDirect, 2024. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0263237324001774

[4] Ziqi Huang et al., "Hybrid learning-based digital twin for manufacturing process: Modeling
framework and implementation", ScienceDirect, 2023. [Online]. Available:
https://www.sciencedirect.com/science/article/abs/pii/S0736584523000212

[5] Marcus Watson et al., "Generative design of space frames for additive manufacturing technology",
The International Journal of Advanced Manufacturing Technology - Springer Nature, 2023. [Online].
Available: https://link.springer.com/article/10.1007/s00170-023-11691-9

[6] Dr. Vidushi Singh, "Fostering Effective Human-AI Collaboration: Bridging the Gap Between User-
Centric Design and Ethical Implementation”, IJRITCC, 2024. [Online]. Available:
https://ijritcc.org/index.php/ijritcc/article/view/10467/7985

[7] Olayiwola Blessing Akinnagbe, "Human-AI Collaboration: Enhancing Productivity and Decision-
Making", ResearchGate, 2024. [Online]. Available:
https://www.researchgate.net/publication/386225744_Human-
AI_Collaboration_Enhancing_Productivity_and_ Decision-Making

[8] Jorge F. Arinez et al., "Artificial Intelligence in Advanced Manufacturing: Current Status and Future
Outlook", ASME Digital Collection, 2020. [Online]. Available:
https://asmedigitalcollection.asme.org/manufacturingscience/article/142/11/110804/1085487/Artifi
cial-Intelligence-in-Advanced-Manufacturing

[9] Konstantinos Nikiforidis et al., "Enhancing transparency and trust in AI-powered manufacturing: A
survey of explainable AI (XAI) applications in smart manufacturing in the era of industry 4.0/5.0",
ScienceDirect, Feb. 2025. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S2405959524001504

[10] Emmanuel A. Merchan-Cruz et al., "Trust by Design: An Ethical Framework for Collaborative
Intelligence  Systems in Industry 5.0", MDPI, May 2025. [Online]. Available:
https://www.mdpi.com/2079-9292/14/10/1952

Copyright © 2024 by Author/s and Licensed by [ISEM. This is an open access article distributed under the Creative Commons 1174

Attribution License which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work

is properly cited.


https://www.sciencedirect.com/science/article/pii/S000785062400115X
https://www.sciencedirect.com/science/article/abs/pii/S0278612524002747
https://www.sciencedirect.com/science/article/pii/S0263237324001774
https://www.sciencedirect.com/science/article/abs/pii/S0736584523000212
https://link.springer.com/article/10.1007/s00170-023-11691-9
https://ijritcc.org/index.php/ijritcc/article/view/10467/7985
https://www.researchgate.net/publication/386225744_Human-AI_Collaboration_Enhancing_Productivity_and_Decision-Making
https://www.researchgate.net/publication/386225744_Human-AI_Collaboration_Enhancing_Productivity_and_Decision-Making
https://asmedigitalcollection.asme.org/manufacturingscience/article/142/11/110804/1085487/Artificial-Intelligence-in-Advanced-Manufacturing
https://asmedigitalcollection.asme.org/manufacturingscience/article/142/11/110804/1085487/Artificial-Intelligence-in-Advanced-Manufacturing
https://www.sciencedirect.com/science/article/pii/S2405959524001504
https://www.mdpi.com/2079-9292/14/10/1952

