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Abstract
Currently there is a range of applications of AI within decision-making, with increasing integration and collaboration mainly 
through AI systems augmenting human decision-making capabilities within a range of industries and sectors. AI is increasingly 
used for business decision support, although this tends to be focused more upon lower-level decisions routines instead of high-
stakes decisions necessitating human knowledge [1]. However, the rapid development of the use of AI predicts that this is likely 
to change [2]. The future of human-machine decision-making lies in optimizing the synergies between human intelligence and 
machine efficiency. This hybrid approach aims to leverage the strengths to achieve better outcomes, whether in healthcare, 
finance, transportation, or other critical fields. As we move forward, it will be essential to foster interdisciplinary collaboration, 
ethical considerations, and adaptive learning systems to ensure that human-machine decision-making systems serve the best 
interests of society. There are many arguments about this collaboration, and the time for discussion is now.
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1. Introduction
Currently autonomous AI decisions are being used in many 
fields including financial services in all areas as loan approv-
als, but the incorporation of human judgement in AI-facili-
tated decision-making is also growing as a critical domain 
[3]. In the literature, a report by Meissner and Narita shows 
that 35% of Amazon’s revenue arises from AI recommenda-
tions [2]. Davenport & Ronanki suggest that there are ben-
efits in incorporating AI into commercial decision-making, 
aiming to enhance decision-making precision, velocity, and 
efficacy, while simultaneously decreasing expenses and op-
timizing processes across several sectors [4]. For example, 
AI can analyse big data and identify patterns that humans 
may not be able to detect [5]. AI is also useful in handling 
data-intensive, repetitive tasks, enabling faster, consistent, 
and accurate decisions [6]. AI can make good predictions 
based upon large data set of information, and this can be of 
assistance within commercial decision-making, and reduced 
tedious processes [7]. Although the impact of AI in decision 
making seems impressive, the significance of trust in AI and 
the psychological aspects essential for effective AI-human 
collaboration are central in current empirical studies [8]. 
Trust dynamics, including issues of perceived reliability, 
transparency, and control, are psychological aspects crucial 
for the successful integration, as human trust profoundly in-
fluences AI adoption and collaborative results [8]. Currently 
there are some mixed responses to the advance of AI. For ex-
ample, Ethan Mollick in his book entitled “Co- intelligence” 
written in 2024 discusses the incredible opportunities aris-
ing from a positive partnering and collaboration between 
humans and AI. 

2. Background and Rational
AI has and continues to grow exponentially and our 
times are called “the Age of AI” [9-11]. Human machine 
interaction and AI assisted decision-making together are 
a symbiosis in which AI functions as an enhancement tool 
rather than a substitute for human decision-making. This 
paper offers a framework useful in understanding the 
dynamics of AI assistance in optimizing human-machine 
interaction. The concept builds on conceptual model of 
Jarrahi that emphasizes several interaction patterns, and 
examines aspects influencing effective human-machine 
collaboration, such as trust, transparency, and the alignment 
of AI recommendations with human values [12]. Our 
conceptual model incorporates Ashby’s “Law of Requisite 
Variety” often described as the "First Law of Cybernetics," 
which in practical terms means that to have control over a 
complex environment, a system must be equipped with a 
sufficient range of responses to match the variety of possible 
disturbances it might face [13]. Ashby’s “Law of Requisite 
Variety” is relevant in understanding how machines, as 
adaptive systems, can respond to human inputs [13].

3. The Emergence of AI in the Workplace
The integration of AI technologies in the workplace has 
many impacts. AI in the workplace has been through several 
key phases and is being increasingly integrated now into 
business processes. As computing power has increased 
and as algorithms have improved, businesses have begun 
to explore applications of AI in the workplace, moving from 
the early AI system which was primarily used for analysis of 
large datasets and automation of routine tasks, particularly 
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in industries such as manufacturing and finance, through 
to more recent times when adoption in the workplace has 
significantly increased. According to the report " AI adoption 
statistics by industries and countries: 2024 snapshot" 
(2024), companies in U.S. in 2018 only 40% actively used AI, 
a number that in 2023 reached 52% [14,15]. By 2029 the AI 
market is expected to exceed US $1.394 Billion [16]. Barriers 
to adoption, according to this report, includes limited 
skills of workers, high price, lack of tools or platforms, and 
data complexity. AI is starting to expand its application 
into more complex tasks including healthcare. The rise of 
large language models such as ChatGPT are transforming 
workplaces, although most organisations do not yet have 
clear policies regarding the use of large language models. 
Certainly, the progression of AI into decision-making has 
moved way beyond the earlier somewhat limited application 
to becoming a much more foundational component of 
business organisations, and is reshaping how decisions 
are made, as well as how workplaces operate across many 
industries [17].

4. Human Cognition and Decision Making
Human cognition allows individuals to process information, 
form thoughts, navigate their environment, and make sense 
of the world. Human cognition is influenced by a variety of 
factors and is a complex and dynamic field of study that spans 
psychology, neuroscience, artificial intelligence, philosophy, 
and education. Understanding human cognition helps in 
designing better educational systems, improving mental 
health treatments, enhancing artificial intelligence systems, 
and exploring the nature of consciousness [18].

Several key approaches have been used over the years to 
explain how individuals make decisions and solve problems, 
that encompasses a wide range of mental activities, including:
•	 Perception: The process of gathering and interpreting 

sensory information from the environment, such as 
visual, auditory, and tactile stimuli [19].

•	 Memory: The storage and retrieval of information, 
involving complex neural processes [20].

•	 Learning: The process of acquiring new knowledge, 
skills, behaviors, or attitudes through experience, study, 
or instruction [21].

•	 Reasoning and Problem-Solving: The ability to think 
logically, make connections between ideas, and solve 
complex problems. This involves both inductive and 
deductive reasoning [22].

•	 Decision-Making: The process of selecting a course of 
action among multiple alternatives based on preferences, 
beliefs, and available information [23].

•	 Language: The use of symbols, sounds, or gestures to 
communicate thoughts, ideas, and emotions. Language 
is a fundamental aspect of human interaction and 
culture [24].

•	 Executive Functions: Higher-order cognitive processes 
that involve planning, organizing, inhibiting impulses, 
and regulating emotions. These functions are critical for 
goal-directed behaviour and self-control [25].

The rational decision-making model often called analysis 
assumes that people go through a stepwise process to 
define the problem, work out what is important, generate 
alternatives and evaluate these, and then select the best 
solution [26]. It was Simon who developed the bounded 
rationality model that suggests that people use a process 
called “satisfying” which is choosing the first acceptable 
option which meets the previously set benchmark. This is a 
more realistic model of how people decide. Another method 
of decision-making proposed within psychology and much 
earlier within philosophy, was that people make decisions 
rapidly based upon their experience and familiarity with 
the particular problem space, and this is called “expert 
intuition” [27]. This style of decision-making has been 
investigated within areas of emergency services and policing 
[28]. Another model arising from the field of organisational 
behaviour is the Vroom-Yetton decision model which guides 
leaders to choose an appropriate level of team involvement 
when decisions are made [29]. 

5. Machine Learning and AI Decision Algorithms
Algorithms enable machines to learn from data, recognise 
patterns and make decisions on the basis of those patterns 
with some degree of autonomy. Machines excel in data 
processing and pattern recognition. For instance, AI 
algorithms can analyse vast datasets to identify trends 
and make predictions, as seen in financial markets where 
algorithmic trading systems execute trades at speeds and 
volumes beyond human capability [30]. Algorithms available 
are of various types, such as supervised learning algorithms 
which are used to predict outcomes or classify new data. 
As an example, decision trees are a treelike model that is 
used to classify data and make predictions. Unsupervised 
learning algorithms may be clustering similar data points 
and grouping them into clusters. Reinforcement learning 
algorithms involve an agent able to learn to make decisions 
through interaction with the environment. These algorithms 
are often used in gameplaying, resource management, 
financial trading and personalised recommendations. Such 
algorithms enable AI systems to learn and adapt to a dynamic 
and complex environment. They can learn through trial 
and error and this is really useful when there is no optimal 
strategy already established.

6. Human-AI Interaction in Decision Making
Human-machine decision-making, which combines human 
judgment with machine computational abilities, is an 
evolving field with significant implications across various 
domains. The integration of artificial intelligence (AI) 
and machine learning in decision-making processes can 
enhance efficiency, accuracy, and scale. Viewing both styles 
as complimentary can lead to added value. Humans and 
AI working together can leverage the strength of each to 
produce collaborative intelligence [31]. Human decision-
making is characterized by intuition, experience, and 
ethical considerations, in addition to analysis. For example, 
healthcare professionals rely on both their training and 
their empathy to make beneficial patient-care decisions, 
considering factors that may not be easily quantifiable, such 
as a patient's emotional state or quality of life concerns [32].
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6.1. Models of Human-Machine Decision Making
6.1.1. Autonomous Decision Making
In some scenarios, machines operate independently to make 
decisions. This is evident in self-driving cars, which must 
process real-time data and make split-second decisions 
without human intervention [33]. These systems rely on 
complex algorithms, sensor fusion, and machine learning to 
navigate and respond to dynamic environments. However, 
the development of fully autonomous systems raises 
important questions about liability, ethics, and the role of 
human oversight in critical situations.

6.1.2. Decision Support Systems
These systems enhance human decision-making by providing 
data-driven insights. For example, in medical diagnostics, 
AI tools can assist doctors by analyzing medical images 
and suggesting possible diagnoses, while the final decision 
remains with the healthcare professional [34]. These 
systems often use machine learning algorithms trained on 
large datasets to identify patterns that might be difficult 
for humans to discern. They can also aggregate and present 
complex information in more digestible formats, allowing 
human decision-makers to focus on higher-level analysis 
and interpretation.

6.1.3. Collaborative Decision Making
This approach involves a dynamic interaction between hu-
mans and machines, where both parties contribute to the de-
cision-making process. For example, in military operations, 
decision support systems provide commanders with re-
al-time data and strategic options, which are then evaluated 
with human judgment for mission planning [35]. This model 
leverages the strengths of both humans and machines: ma-
chines can rapidly process vast amounts of data and gener-
ate potential scenarios, while humans can apply context, ex-
perience, and ethical considerations to make final decisions.

6.1.4. Augmented Decision Making
Machines augment human capabilities by providing en-
hanced information and visualization tools. In business an-
alytics, AI can process customer data to provide executives 
with detailed insights into market trends, enabling more 
informed strategic decisions [36]. This model often involves 
the use of advanced data visualization techniques, interac-
tive dashboards, and predictive analytics to enhance human 
understanding of complex situations. By presenting infor-
mation in more intuitive and interactive ways, these systems 
can help decision-makers identify patterns, trends, and po-
tential outcomes that might otherwise be overlooked.

6.1.5. Human-in-the-Loop Systems
This model ensures that human oversight is maintained in 
automated systems, particularly in high-stakes environments. 
For instance, in automated financial trading systems, human 
traders can intervene to override algorithmic decisions 
based on sudden market changes or external factors that the 
algorithm may not account for [37]. This approach balances 
the efficiency of automated systems with the adaptability and 
judgment of human experts, providing a safeguard against 
potential algorithmic errors or unforeseen circumstances.

6.1.6. Adaptive Decision Systems
These systems learn and evolve based on the outcomes 
of previous decisions, incorporating feedback from both 
machine analysis and human input. For example, in 
personalized medicine, treatment recommendation systems 
can adapt based on patient outcomes and clinician feedback, 
continuously improving their accuracy over time [34]. This 
model represents a more dynamic and evolving approach 
to human-machine decision making, where the system's 
performance improves through continuous learning and 
adaptation.

6.1.7. Ethical AI Decision Frameworks
As AI systems become more involved in decision-making 
processes, there's an increasing need for frameworks that 
ensure ethical considerations are built into these systems. 
This model involves the development of AI systems that 
not only make efficient decisions but also adhere to ethical 
guidelines and societal values. For instance, in hiring pro-
cesses, AI systems can be designed to mitigate bias and pro-
mote diversity while assisting in candidate selection [38]. 
These frameworks often involve interdisciplinary collabo-
ration between AI researchers, ethicists, policymakers, and 
domain experts to define and implement ethical guidelines 
in AI decision-making processes.

AI decision-making encounters various strengths [39]. 
Such strengths include data Processing and Analysis, 
where machines excel at rapidly processing and analysing 
large volumes of data. In a collaborative decision-making 
system, AI and machine learning algorithms can quickly shift 
through vast datasets, identifying patterns, correlations, 
and insights that might be overlooked by human analysis 
alone. This capability is particularly valuable in domains 
like financial trading, where split-second decisions based 
on market data can be crucial. Also, pattern recognition and 
prediction based on historical data and current trends. This 
can provide human decision-makers with valuable foresight, 
helping them anticipate potential outcomes and prepare 
for various scenarios. Objective Analysis can provide an 
objective, bias-free analysis of data, free from the emotional 
and cognitive biases that often influence human decision-
making. This can help balance human intuition with fact-
based insights. Additionally, complex systems modelling 
capabilities in Cybernetics 3.0 allow for sophisticated 
simulations of various decision outcomes. Humans can 
then use these simulations to better understand potential 
consequences and refine their decision-making strategies. 
Lastly, semantic web technologies enable machines to 
aggregate and synthesize information from diverse sources, 
presenting human decision-makers with a comprehensive 
view of relevant data and knowledge.

Human decision-making strengths include contextual 
understanding, as humans possess a deep understanding 
of context and nuance that machines currently struggle 
to replicate [40]. This allows them to interpret data and 
recommendations considering broader social, cultural, and 
organizational contexts along with ethical considerations 
that are crucial in many decision-making scenarios. Humans 
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can apply moral reasoning and value judgments that are 
challenging to codify into machine algorithms where 
human creativity allows for novel solutions and approaches 
that may not be apparent from data analysis alone. This is 
particularly valuable when dealing with unprecedented 
situations or when innovation is required. Also, emotional 
intelligence in many decision-making contexts, especially 
those involving human factors, is crucial [41]. Humans can 
estimate the emotional impact of decisions and navigate 
complex interpersonal dynamics and human intuition, built 
on years of experience and tacit knowledge, can provide 
valuable insights that complement data-driven analysis.

Integrating both sides of Human-Machine collaborations can 
allow for intuitive interaction between humans and machine 
systems. These interactions can present complex data and 
AI-generated insights in easily digestible formats, enabling 
humans to quickly grasp key information and provide input. 
Additionally, the decision-making process becomes an 
iterative dialogue between human and machine. Humans 
can refine queries, adjust parameters, and provide feedback, 
while machines continuously update their analysis based 
on this input. Incorporating explainable (XAI) techniques 
ensures that machine recommendations are transparent and 
understandable to human decision-makers. This builds trust 
and allows humans to critically evaluate machine-generated 
insights. Also, the system learns from each interaction, 
continuously improving its ability to provide relevant 
information and recommendations based on human feedback 
and decisions. By aggregating inputs from multiple human 
decision-makers and combining them with machine analysis, 
these systems can harness collective intelligence, potentially 
leading to more robust and well-rounded decisions. Lastly, 
by leveraging IoT and edge computing capabilities, these 
systems can enable real-time collaboration between humans 
and machines, allowing for agile decision-making in dynamic 
environments.

7. Future Directions
As AI involves rapidly, there will be emerging technologies 
that may moderate the way humans and machines 
collaborate in the workplace. The arrival of large language 
models is a significant development, especially as they are 
becoming increasingly sophisticated, and they can generate 
humanlike text in response to well-crafted prompts. As these 
large language models develop further, they may be able 
to provide more intuitive interactions that feel more like a 
conversation. Certainly, the time is right for organisations 
to develop clear guidelines about how large language 
models can be used in the workplace. Both managers and 
employees will need to become better at understanding 
what benefit they bring, become best at prompting, and 
assessing the outcome. Emerging technologies will enhance 
the capabilities of AI in decision making and humanlike AI 
assistance in the future, that can lead to new paradigms in 
Cybernetics and in decision-making theory.

8. Conclusion
The future of human-machine decision-making lies in 

optimizing the synergy between human intelligence and 
machine efficiency. This hybrid approach aims to leverage 
the strengths of both to achieve better outcomes, whether 
in healthcare, finance, transportation, or other critical fields. 
As technology advances, the challenges of bias, transparency, 
and ethical governance will continue to be central concerns 
that need careful management and regulation. Maintaining 
a balance between machine autonomy and human oversight 
is crucial. While machines can handle routine and data-
intensive tasks, human judgment is essential for contextual 
and ethical considerations, ensuring that decisions align with 
societal values and norms. The development of explainable 
AI (XAI) techniques will be crucial in building trust and 
understanding between humans and AI systems [42-47].

Successfully navigating the changes in technological break-
throughs requires more than simply survival; it involves ac-
tively utilizing these advancements to facilitate a smoother 
and more efficient journey into this exciting future. As we 
move forward, it will be essential to foster interdisciplinary 
collaboration, ethical considerations, and adaptive learning 
systems to ensure that human-machine decision-making 
systems serve the best interests of society as a whole. There 
are many arguments preventing this collaboration, but the 
time for discussion is now. 
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