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Abstract
The development of digital technology, particularly intelligence and
automation systems, has transformed the role of management
accountants in decision-making and information management. This study
aims to examine the role of management accountants in human-machine
collaboration, focusing on emerging competencies and associated ethical
challenges. Using a literature review method, this study collected and
analyzed recent research, scholarly articles, and industry reports to
identify new skills required by management accountants, including
advanced analytical skills, data literacy, and an understanding of
technology ethics. The results indicate that human-machine collaboration
requires management accountants not only to master technical aspects
but also to possess critical capacity to assess decisions generated by
automated systems. Furthermore, ethical challenges arise from potential
algorithmic bias, data confidentiality, and professional responsibility in
the use of Al. This study provides a conceptual framework for
understanding the transformation of the role of management
accountants in the digital era and emphasizes the importance of
integrating technical and ethical competencies in professional practice.
Keywords: Management accountant, human-machine collaboration, artificial
intelligence, emerging competencies, ethical challenges
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INTRODUCTION

The development of digital technology, particularly in the realm of
artificial intelligence and advanced automation systems, has significantly
transformed the landscape of managerial accounting practices. The integration
of technology into financial data processing has not only increased the
efficiency and accuracy of information but also shifted the traditional role of
managerial accountants from mere recorders and reporters of information to a
more strategic position as data-driven analysts and decision-makers. Human-
machine collaboration is a crucial concept in this context, as technology
becomes not just a tool but also a partner, requiring complex human interaction
skills to optimize value. This transformation requires management accountants
to master new competencies that go beyond conventional accounting technical
skills, including advanced analytical skills, understanding algorithms,
interpreting big data, and the ability to communicate and collaborate with Al
systems (Hamza, n.d.-a).

This change aligns with global trends across various industry sectors that
are increasingly relying on Al-based information systems to support strategic
decision-making. Managerial accountants now face higher expectations, not
only in presenting timely and accurate financial information, but also in
leveraging machine-generated insights to identify opportunities, manage risks,
and provide data-driven strategic recommendations. This new role demands
the integration of human critical thinking and machine information processing
capabilities. Managerial accountants must be able to assess the reliability of Al
output, understand technological limitations, and maintain the relevance and
quality of managerial decisions. This emphasizes the importance of in-depth
digital literacy for accountants, including an understanding of how algorithms
work, the ability to interpret predictive results, and the ability to explain data
implications to non-technical stakeholders (Dyczkowska, 2024a).

In addition to the emergence of new competencies, human-machine
collaboration also presents complex ethical challenges. The use of Al in
managerial accounting processes raises questions regarding algorithmic bias,
decision-making transparency, and professional responsibility for errors that
may be generated by the system. Managerial accountants need to confront
ethical dilemmas regarding the extent to which they rely on machine-generated
decisions, how to maintain data integrity, and how to balance technological
efficiency with principles of accountability and fairness. These issues require the
development of a clear ethical framework, encompassing not only adherence
to professional standards but also the moral responsibility of leveraging
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technology for decisions that have broad impacts on the organization and
society. This ethical complexity is further amplified by Al's ability to process
large-scale data, where potential errors or misuse of information can pose
significant risks to an organization's reputation and sustainability (“The
Evolution of Al and the Human-Machine Interface as a Manager in Industry 4.0,”
2021).

Research on the role of managerial accountants in the context of human-
machine collaboration is becoming increasingly relevant given the global
demand for data-driven innovation and digital transformation. Recent
literature studies indicate that while technology offers significant opportunities
to improve efficiency and decision quality, implementing Al without proper
understanding can pose serious strategic and operational risks (“The Evolution
of Al and the Human-Machine Interface as a Manager in Industry 4.0,” 2021).
Therefore, a thorough understanding of the required competencies and
emerging ethical challenges is crucial to ensuring that human-machine
collaboration can be effective and responsible. This research aims to identify
new roles for managerial accountants, examine the skills that need to be
developed, and analyze the ethical implications of using Al in managerial
decision-making. The focus on competency and ethics is expected to provide
practical contributions to the development of the accounting profession in the
digital era, while strengthening the theoretical framework for technology
integration in management accounting practices.

Furthermore, this research is also important in the context of accounting
education and professional development. The role transformation resulting
from human-machine collaboration requires a revision of accounting education
curricula and professional training programs to emphasize digital skills, data
literacy, and Al-based decision-making. Developing these competencies is not
only about technical skills but also about strengthening professional character,
such as critical thinking, responsibility, and integrity in dealing with algorithm-
influenced decisions. Thus, this research not only highlights the challenges and
opportunities in current professional practice but also provides insights for
educational policymakers, professional associations, and organizations seeking
to prepare accountants to adapt to a work environment increasingly driven by
intelligent technology (Prinz, n.d.).

Overall, this research emphasizes that human-machine collaboration in
managerial accounting is not simply a technical issue, but a multidimensional
phenomenon involving new professional competencies, changing strategic
roles, and complex ethical considerations. Understanding these dynamics will
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enable managerial accountants to take an active role in optimally utilizing
technology while maintaining professional integrity and decision quality. By
combining the latest literature analysis and ethical perspectives, this research
is expected to provide significant theoretical and practical contributions to the
development of the accounting profession in the digital era, as well as become
a basis for further studies on human-machine interactions in complex
managerial contexts.

RESEARCH METHOD

The research method for the study, "The Role of Management
Accountants in Human-Machine Collaboration: Emerging Competencies and
Ethical Challenges," employed a literature review approach as the basis for data
collection and analysis. This approach involved identifying, reviewing, and
synthesizing relevant literature from various academic sources, including
scholarly journals, books, research reports, and professional publications, that
addresses the role of managerial accountants, human-machine collaboration,
emerging competencies, and ethical issues related to the application of
intelligent technologies in managerial accounting. This process involved
searching the current literature through international scientific databases to
ensure the research encompassed the latest trends and relevant empirical and
conceptual findings.

The analysis was conducted qualitatively, focusing on identifying
patterns, themes, and relationships between the role of managerial
accountants in the human-machine collaboration ecosystem and the required
competencies and ethical considerations. This literature review also considered
theoretical debates and emerging best practices in the context of the
application of advanced digital technologies, including artificial intelligence and
automation systems, to provide a comprehensive understanding of the
competencies required of managerial accountants and the ethical challenges
they face. The results of this synthesis were used to develop a conceptual
framework that illustrates the dynamics of the accountant's role in the
increasingly complex digital transformation.

RESULT AND DISCUSSION
The Role of Management Accountants in Human-Machine Collaboration

The development of information technology and artificial intelligence has
brought significant changes to managerial accounting practices. In today's
digital era, management accountants serve not only as providers of financial
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information but also as a critical link between data generated by automated
systems and strategic decision-making by management. Human-machine
collaboration in this context is becoming a focus, as the complexity of modern
business demands that accountants optimally utilize the analytical capabilities
of Al-based systems while maintaining professional judgment based on
experience, intuition, and business context. The role of management
accountants has now expanded beyond simply processing and presenting
financial reports to become a facilitator in interpreting information generated
by advanced technology, resulting in faster, more accurate, and more relevant
decisions aligned with the company's strategic objectives (Haesevoets et al.,
2021).

Ininteracting with Al-based systems, management accountants face both
challenges and opportunities. Al systems are capable of analyzing vast volumes
of data, detecting patterns, and generating predictions that can be used for
budget planning, cost control, and performance evaluation. However, this
capability still requires human oversight, particularly in interpreting analytical
results, adapting recommendations to the company's real-world conditions,
and considering non-financial factors that algorithms may miss. Management
accountants must master new competencies, including understanding
algorithms, interpreting analytics, and bridging the gap between machine
output and managerial needs. These skills require accountants to not only
understand traditional accounting principles but also possess data literacy and
the ability to evaluate the quality of information provided by automated
systems.

Beyond technical competency, ethical aspects are also a crucial element
in human-machine collaboration. Management accountants are responsible for
ensuring that the use of Al-based systems is transparent, accurate, and
accountable. In some cases, decisions made by algorithms may be biased or fail
to consider the broader social and economic context. Managerial accountants
need to examine the reliability of data, the validity of assumptions, and the
implications of any machine-generated recommendations. This includes
safeguarding against the risks of error, misuse of information, and the potential
ethical impact of automated decisions affecting various stakeholders (Wang &
Zhan, 2024). Thus, the role of management accountants is not only as technical
executors, but also as guardians of the integrity and quality of decision-making
processes.

Human-machine collaboration also impacts the day-to-day operational
processes of management accounting. In practice, managerial accountants use
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automation systems to accelerate transaction processing, prepare real-time
financial reports, and conduct more in-depth performance analysis. This
interaction reduces human error, increases efficiency, and focuses on high-
value-added activities, such as strategic analysis and management consulting
(Hamza, n.d.-b). However, the success of this collaboration depends heavily on
the accountants' ability to adapt internal processes, integrate new systems, and
establish effective communication between human and machine teams.
Harmonious collaboration can create synergy where Al provides fast and
accurate data, while accountants add critical interpretation, context, and
strategic considerations to support managerial decisions.

Beyond technical and ethical aspects, human-machine collaboration also
impacts role dynamics within organizations. Management accountants serve as
mediators between technology and top management, bridging the gap
between understanding Al's potential and business needs (Dai & Vasarhelyi,
2023). They help management understand the implications of machine-
generated information, formulate data-driven strategies, and ensure that
operational and strategic decisions align with organizational goals. Thus,
managerial accountants are no longer viewed as simply performing accounting
procedures, but as internal consultants combining analytical insight and
professional judgment. This shift requires continuous learning and adaptation
to new technologies, while maintaining critical skills in evaluating
recommendations generated by automated systems (Dyczkowska, 2024b).

In conclusion, the role of management accountants in human-machine
collaboration is an integration of technical skills, ethics, and managerial
competencies. Managerial accountants act as a bridge between sophisticated
Al systems and human decision-making, ensuring that the resulting data can be
translated into useful, relevant, and accountable information. This
collaboration not only improves the efficiency and accuracy of decision-making
but also strengthens the position of management accountants as strategic
change agents in modern organizations. With the right competencies,
management accountants can maximize the benefits of technology without
neglecting the critical, ethical, and contextual considerations that characterize
the human role in the ever-evolving business world.

Transforming the Role of Traditional Accountants in the Digital Era

Advances in information technology have had a significant impact on
various sectors, including the accounting profession. Traditional accountants,
previously known for their role in recording, verifying, and reporting financial
information, now face far more complex demands. Digital transformation has
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pushed accountants to act not only as providers of financial reports but also as
strategic partners in business decision-making. This new role demands stronger
analytical skills, technological understanding, and communication skills so that
the information presented can add value to the organization (Hogianto, 2023).
In this context, digital accountants must be able to utilize advanced
technologies such as Enterprise Resource Planning (ERP) systems, big data
analytics, and artificial intelligence to improve the accuracy, efficiency, and
relevance of the financial information produced.

The transition from a traditional function to a strategic role does not occur
instantly, but rather through a process of adaptation involving changes in
organizational culture and the development of professional competencies.
Traditional accountants accustomed to working with manual documents are
now required to understand and manage complex digital systems, including the
ability to extract, analyze, and interpret data from various sources. This
transformation also changes teamwork dynamics, as accountants must
collaborate more closely with other departments, such as information
technology, marketing, and operations, to generate holistic business insights
(Jayashree & Jayakani, 2025). Therefore, the role of accountants is increasingly
focused on solving strategic problems and providing recommendations that
support the achievement of the organization's long-term goals, rather than
simply providing historical reporting.

Furthermore, digitalization in accounting has empowered accountants to
become agents of change within organizations. With the support of
automation technology, many routine tasks, such as recording transactions,
reconciliations, and report processing, can be performed quickly and with
minimal errors (Coman et al., 2022). This provides room for accountants to
develop analytical and predictive skills, which can be used in strategic planning,
budgeting, and risk management. These capabilities enable accountants to be
more proactive in providing relevant input to management, including
identifying cost-efficiency opportunities, optimizing processes, and developing
data-driven business strategies. Thus, digital accountants no longer simply
interpret past data but also predict future trends and facilitate more informed
decision-making.

However, this transformation also presents challenges that require
attention. Adapting to new technologies requires investment in training and
professional development so accountants can maximize their use of digital
tools. Furthermore, accountants are faced with ethical and data security issues,
as managing sensitive information through digital systems requires careful
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attention to data confidentiality and integrity. Another challenge arises from
role changes that may generate resistance, especially for accountants who
have long been accustomed to traditional methods. Therefore, the success of
the accountant role transformation depends heavily on the individual's ability
to learn and adapt, as well as on organizational support in building an inclusive
and sustainable digital culture.

Furthermore, the role of accountants in the digital era is increasingly
integrated with an organization's strategic decision-making. With enhanced
analytical capabilities through technology, accountants can assist management
in evaluating business performance, designing growth strategies, and assessing
risks more accurately. In-depth data analysis enables organizations to make
evidence-based decisions, reduce uncertainty, and increase competitiveness.
Furthermore, the role of digital accountants also includes the responsibility of
ensuring compliance with evolving regulations and accounting standards,
ensuring that organizations continue to operate ethically and transparently.
This transformation emphasizes that accountants are no longer viewed solely
as transaction recorders, but as strategic advisors capable of providing critical
insights that support business growth and sustainability (Surya, 2024).

Overall, the transformation of the accountant's role from a traditional
function to the digital era reflects the increasingly complex and
multidimensional evolution of the accounting profession. Accountants in the
digital era must be able to combine technical, analytical, and strategic
competencies to make a more significant contribution to the organization.
Adapting to advanced technology, developing new skills, and the ability to
address ethical and data security challenges are key to the success of this
transformation. Thus, digital accountants are not merely executors of
accounting functions, but also drivers of change and innovation in supporting
the achievement of an organization's strategic goals. This new role emphasizes
the importance of professionalism, flexibility, and the ability to leverage
technology as a tool to create greater added value for all stakeholders.

The Impact of Technology on the Quality of Accounting Reports and Analysis

The development of digital technology has significantly transformed the
accounting landscape, presenting both opportunities and challenges for the
preparation of financial reports and analysis. Traditionally, accounting has
relied on manual processes that are time-consuming and prone to human error,
thus impacting the quality of the resulting information. With the advent of
artificial intelligence (Al) and machine learning-based technologies,
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management now has access to more accurate, relevant, and timely data,
enabling smarter decision-making that is more responsive to complex business
dynamics. Al and machine learning have the ability to process large volumes of
data, identify hidden patterns, and predict financial trends previously difficult
to capture using traditional methods. This not only improves the quality of
accounting reports but also provides a stronger analytical foundation for
strategic planning, internal control, and performance evaluation.

One important aspect impacted by the adoption of Al is the accuracy of
accounting information. Machine learning algorithms are capable of processing
transaction data with a significantly lower error rate than manual processes
(Abdelraheem et al., 2021). For example, systems can automatically detect
anomalies or discrepancies in financial records, thereby minimizing the
potential for errors or fraud. Furthermore, Al can learn historical patterns and
adjust predictions to reflect new data, resulting in more accurate financial
reports that reflect actual conditions. This accuracy is crucial for management
because strategic decisions, such as resource allocation, pricing, or
departmental performance evaluations, are highly dependent on the accuracy
of the information presented. Accuracy in financial reports also increases
stakeholder confidence, including investors, creditors, and regulators, in the
integrity of the company's accounting system.

Beyond accuracy, the relevance of accounting information is also
enhanced by Al and machine learning. In the modern business context,
abundant data is not always useful if it is not properly filtered and analyzed. Al-
based systems are able to extract the most relevant information for
management, tailor reports to specific decision-making needs, and provide
predictive, rather than simply historical, insights. This allows managers to
receive more than just routine figures or reports but also in-depth analysis of
sales trends, costs, and potential risks. This relevance strengthens
management's ability to quickly respond to market changes, prioritize value-
added projects or initiatives, and develop data-driven strategies. Conceptually,
the integration of Al into accounting processes helps transform financial
reports from mere record-keeping tools into strategic information sources that
can guide long-term decisions (Najafi et al., 2022).

The timeliness of accounting information is a third dimension heavily
influenced by technology. Traditional manual processes often require days or
even weeks to complete reconciliations, data processing, and report
preparation (Sembiring et al.,, 2024). This often results in management
encountering information that is no longer relevant to current conditions. With
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Al-based automation, financial reports can be generated more quickly, even in
near real-time, giving management access to the latest information for
evaluation and decision-making. Furthermore, Al systems can integrate data
from various internal and external sources, such as ERP systems, CRM systems,
or market data, to provide a comprehensive picture of the company's financial
position and operational performance in real-time. This timeliness enables
management to intervene early to address risks, optimize opportunities, and
increase responsiveness to business dynamics.

The impact of technology on the quality of accounting reports and
analysis is also evident in improved predictive and analytical capabilities. Al and
machine learning enable the simulation of various financial scenarios and
sensitivity analysis, helping management formulate more effective strategies.
For example, systems can predict the impact of changes in raw material prices
on profit margins or analyze potential credit risk based on previous customer
payment patterns. This type of analysis provides significant added value
compared to traditional reports that only present historical data (Odunayo et
al., 2023). With the combination of greater accuracy, relevance, and timeliness,
management can make decisions based not only on intuition but also on
evidence, which in turn improves the effectiveness of resource management
and overall organizational performance.

However, the integration of Al and machine learning in accounting is not
without challenges. The quality of Al models is highly dependent on the quality
of the data used, so input errors or data bias can reduce the reliability of the
information. Furthermore, management must understand the limitations of
algorithms, the interpretation of analytical results, and the ethical implications
of data use. New skills in data analysis and digital literacy are crucial for
management accountants to optimally utilize technology. However, if these
challenges can be overcome, the positive impact on the quality of accounting
reports and analysis can be transformative, moving accounting from a mere
record-keeping function to a strategic center for managerial decision-making
(Ibrahim & Tahir, 2024).

Overall, the impact of Al and machine learning on the quality of
accounting reports and analysis includes improving the accuracy, relevance,
and timeliness of information used by management. This technology enables
more efficient accounting processes, more informed decision-making, and
data-driven strategy development and more accurate predictions. The
integration of technology into accounting is not just about automation, but also
about enhanced analytical capabilities that can transform the role of financial
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reporting into a strategic instrument that supports sustainable organizational
performance.

Best Practices and Case Studies of Human-Machine Collaboration
Implementation

Implementing human-machine collaboration in the context of managerial
accounting requires a deep understanding of how intelligent technologies, such
as artificial intelligence (Al)-based systems, machine learning, and big data
analytics, can be used to improve the quality of strategic decision-making. Best
practices in implementing human-machine collaboration emphasize the
importance of comprehensively integrating intelligent systems into
accountants' workflows, not merely as supporting tools but as collaborative
partners capable of expanding analytical and predictive capacity. One crucial
practice is the utilization of Al systems to process accounting data in real time,
allowing accountants to focus on strategic analysis and interpretation of
results, rather than on routine and repetitive tasks. In this regard, successful
collaboration depends on the design of systems that are intuitive, transparent,
and capable of providing recommendations that can be understood and
evaluated by humans (Kattel et al., 2020).

Furthermore, ongoing training for accountants is key to successful
technology integration. Mastering new competencies, such as understanding
algorithms, evaluating Al output, and assessing risks related to data bias, makes
accountants not only users of technology but also monitors of the quality of the
information produced. Best practices also demonstrate that effective
collaboration occurs when organizations adopt an iterative approach, where Al
systems are continuously improved through feedback from accountants who
use the data in the context of managerial decisions. This allows the system to
learn from human decision-making patterns, while humans also adjust
strategies based on machine-generated insights. Process transparency and
auditability of system-generated decisions are crucial factors to ensure that
human-machine collaboration does not pose ethical risks or strategic errors
(Hatz et al., n.d.).

Real-world case studies demonstrate the positive impact of implementing
human-machine collaboration in organizations that integrate accountants with
intelligent systems. For example, a multinational retail company successfully
improved the accuracy of budget planning and cash flow projections by utilizing
an Al platform capable of analyzing thousands of daily transaction data points.
Accountants within the organization acted as evaluators and strategy adjusters,
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using the system's recommendations to predict sales trends and inventory
needs. This collaboration not only accelerated the financial reporting process
but also improved the quality of investment decisions and operational
strategies, as accountants could focus their energies on risk analysis and
identifying new business opportunities. This success emphasizes the
importance of alignment between the technical capacity of intelligent systems
and the professional competencies of accountants (Panter et al., 2024).

Another example can be found in the financial services sector, where a
global bank implemented an Al system to support managerial accountants in
risk portfolio management and credit assessment. The system is capable of
assessing millions of transaction data sets and macroeconomic indicators,
providing accountants with predictive insights previously unattainable with
traditional methods. Human-machine collaboration here is evident in the
recommendation validation process, where accountants adjust strategic
decisions based on the business context, regulations, and their professional
experience. This integration enables organizations to respond more quickly to
market changes, reduce prediction errors, and improve the effectiveness of
strategic decision-making. Case studies such as these confirm that successful
human-machine collaboration is not simply about advanced technology, but
rather the synergy between human analytical skills and machine processing
capacity (Park & Shintaku, 2022).

Beyond technical and strategic aspects, best practices also demonstrate
the importance of an organizational culture that supports innovation and
technology adoption. Organizations that successfully implement human-
machine collaboration typically have a management commitment to prioritizing
data integrity, information security, and the ethical use of Al. Involving
accountants from the design stage of intelligent systems ensures that their
business needs and professional perspectives are reflected in algorithms and
operational procedures. Thus, human-machine collaboration can provide
significant added value, from improving reporting accuracy and operational
efficiency to strengthening the quality of strategic decision-making. Case
studies across various industrial sectors demonstrate that organizations that
successfully integrate accountants with intelligent systems are able to create
competitive advantages through a combination of human insight and artificial
intelligence (E.N. et al., 2025).

Overall, best practices in human-machine collaboration emphasize that
technology is not a substitute for humans, but rather a collaborative tool that
expands analytical and predictive capacity. Real-world case studies from the
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retail and financial services sectors demonstrate how this integration can
improve the accuracy, efficiency, and quality of strategic decisions. Successful
implementation depends on transparent system design, continuous training for
accountants, iterative feedback, and an organizational culture that supports
innovation and ethics. With the right approach, human-machine collaboration
enables accountants to become more than just data processors, but strategic
partners in organizational planning and decision-making, creating synergies
that maximize the potential of technology and human professional capabilities.

CONCLUSION

The conclusions of this study confirm that the role of managerial
accountants in human-machine collaboration is becoming increasingly complex
with the development of artificial intelligence technology and automation
systems. Managerial accountants are not only required to master traditional
skills such as planning, controlling, and financial analysis, but also need to
develop new competencies that include technological understanding, the
ability to interpret machine-generated data, and the ability to adapt to the
evolving dynamics of human-machine collaboration. This role emphasizes the
importance of integrating professional accounting insights with technology-
based analytical capabilities, so that managerial decisions can be more
effective, efficient, and data-driven.

Furthermore, this study highlights the ethical challenges arising from
human-machine collaboration, including issues of accountability, transparency,
and algorithmic bias in decision-making. Managerial accountants must be able
to balance technological innovation with professional ethical principles to
ensure that the use of machines in accounting processes does not compromise
the integrity, reliability, and fairness of financial information. Thus, this study
emphasizes that the future of the managerial accounting profession will
depend heavily on their ability to combine technical, analytical, and ethical
competencies in an increasingly digitalized work environment.
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