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Abstract:

In today’s competitive world, precise cost management in projects is vital, and the activity-based costing system has been
designed to accurately allocate costs to activities. However, its implementation complexity and the extensive data
requirements make its practical application challenging. In the era of digital transformation, the utilization of modern
technologies such as machine learning and artificial intelligence in the domains of finance and accounting has become an
undeniable necessity. This study, using a qualitative approach and a documentary research method during 2025 with the aid
of MAXQDA software, developed a conceptual model to integrate the capabilities of machine learning and artificial
intelligence within the framework of activity-based project costing. First, by extracting 20 core components of machine
learning, 18 key components of artificial intelligence, and 15 central components of activity-based costing, a conceptual and
integrative classification was presented. Then, these components were aggregated and analyzed within conceptual
dimensions to identify their systemic and practical relationships in project cost management. The findings of the study
indicate that machine learning models can enable precise cost prediction, identification of cost drivers, and analysis of cost
behavior; whereas artificial intelligence, through expert systems, fuzzy logic, and intelligent agents, can facilitate decision-
making under uncertainty. Ultimately, the integration of these technologies into the activity-based costing structure
enhances the accuracy of cost allocation, increases financial information transparency, and optimizes the utilization of
resources in projects. Based on the study results, managerial recommendations have been provided for the practical
implementation of this model.
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Extended Abstract

Introduction

In the contemporary competitive business environment, cost management has become a crucial strategic pillar for
organizations striving to achieve sustainable performance and competitive advantage. Among the advanced cost accounting
methods, Activity-Based Costing (ABC) has emerged as an effective system for allocating indirect costs more accurately to
activities, thereby enabling a more precise understanding of cost structures (Khan, 2024). ABC enhances managerial decision-
making by revealing the actual cost drivers behind organizational operations, allowing firms to eliminate non-value-adding
activities and optimize resource utilization (Saeed et al., 2023). Despite these benefits, ABC faces significant practical
challenges, particularly its high data requirements and complex implementation processes, which have constrained its
widespread adoption (Khodami Pour & Javanmard, 2023).

In parallel, technological advancements in Machine Learning (ML) and Artificial Intelligence (Al) have opened
unprecedented opportunities for transforming traditional accounting and cost management systems. The ability of ML
algorithms to process large-scale datasets and detect hidden patterns offers promising prospects for enhancing cost
estimation accuracy and predictive analytics (Bose et al., 2023). Likewise, Al technologies, including expert systems, fuzzy
logic, and intelligent agents, can support decision-making in uncertain and dynamic environments (Piccialli et al., 2021).
Studies have shown that the application of ML in project cost estimation can significantly reduce forecasting errors and
optimize analysis time (Kwak et al., 2021; Raoufi & Bashi Azghadi, 2023), while Al can enhance strategic decision-making by
simulating cost scenarios and identifying financial risks (Leemans et al., 2023; Zhang & Li, 2021).

This growing body of evidence has underscored the need to develop integrative models that combine the predictive power
of ML with the analytical reasoning capabilities of Al within the ABC framework. The integration of these technologies could
resolve the traditional challenges of ABC implementation, increase transparency in cost allocation, and support real-time cost
control (Judijanto, 2024). However, implementing such an integrative model requires not only advanced technical
infrastructure but also supportive organizational conditions, such as top management commitment, employee competence,
and a culture of innovation (Salas-Hidalgo, 2022; Yousef Zadeh et al., 2023). Furthermore, organizations must align their
accounting systems with strategic objectives, ensuring that digital transformation enhances both operational efficiency and
strategic agility (Khodami Pour & Javanmard, 2023; Mehrali et al., 2022).

In addition, scholars have emphasized that digital technologies can drastically reduce computational costs and improve
model performance when properly integrated into costing systems (Mandolini et al., 2024; Nosrati, 2024). The use of
qguantum-based ML algorithms has also been proposed as a breakthrough innovation in financial sciences, promising higher
speed and accuracy in data analysis (Lotfi Haravi et al., 2023). Moreover, integrating macroeconomic indicators and market
analytics into Al-driven cost models could help organizations navigate financial volatility and reduce decision-making risks in
turbulent environments (Alam, 2023; O. K. Loang, 2023a; Loang et al., 2023; Tashmanov & Tursunaliyev, 2023; XiXi & Loang,
2023). These insights collectively point to the strategic importance of leveraging Al and ML to transform ABC from a static
costing system into a dynamic decision-support tool.

Building upon these theoretical foundations, this study aimed to develop a qualitative model that integrates ML and Al

capabilities into the ABC framework for project cost management. The objective was to explore how the synergy of these
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technologies could enhance the precision of cost allocation, increase financial information transparency, and optimize
resource utilization in project environments.

Methods and Materials

This study adopted a qualitative research design using a documentary analysis approach to construct a conceptual model.
Data collection was conducted during 2025 using published literature, reports, and scholarly articles related to ML, Al, and
ABC. The analysis was performed using MAXQDA to systematically code and categorize the extracted data. Initially, 20 core
components of ML, 18 key components of Al, and 15 central components of ABC were identified. These components were
then grouped into thematic clusters based on conceptual similarity. Through iterative coding and thematic analysis, the
relationships between these clusters were mapped to illustrate their potential systemic and operational linkages within a
project cost management context. The final outcome was a conceptual framework integrating ML and Al functionalities within
the ABC model, with proposed mechanisms for data flow, cost driver identification, cost prediction, and decision support.

Findings

The findings revealed that ML models can significantly enhance the predictive capabilities of ABC by providing accurate
cost forecasts, identifying key cost drivers, and analyzing cost behavior patterns. The integration of supervised and
unsupervised learning algorithms enabled the model to detect hidden correlations between activities and costs, which are
often overlooked in traditional ABC implementations. This resulted in a substantial reduction in estimation errors and
improved the reliability of cost predictions.

The results also showed that Al components, such as expert systems, fuzzy logic, and intelligent agents, contributed to
improved decision-making under uncertainty by simulating various cost scenarios and assessing potential risks. The Al
modules supported dynamic adjustments in cost allocations based on real-time data, which enhanced the responsiveness of
the system to environmental changes. Moreover, combining ML and Al technologies led to a significant decrease in analysis
time and accelerated managerial decision-making processes.

Furthermore, the model enabled early detection of cost deviations, allowing managers to intervene promptly and mitigate
potential overruns. Organizations with higher digital maturity demonstrated better performance in implementing the model,
as they possessed the necessary data infrastructure and analytical capabilities. The application of the integrated model also
improved the alignment between accounting objectives and strategic organizational goals by enhancing the visibility of
resource utilization and eliminating non-value-adding activities. Overall, the model increased the efficiency of resource usage,
reduced overhead costs, and improved managerial control over project costs.

Discussion and Conclusion

The results of this study confirm that integrating ML and Al technologies into the ABC framework can substantially improve
the accuracy and efficiency of project cost management. The predictive power of ML algorithms enhanced cost forecasting,
while Al’s reasoning mechanisms facilitated informed decision-making in complex and uncertain environments. This dual
synergy addressed the major shortcomings of traditional ABC—its data intensity and implementation complexity—by
automating data processing, uncovering hidden cost patterns, and enabling real-time cost control.

The findings align with prior research that highlighted the role of ML in reducing forecast errors and optimizing
computational resources (Kwak et al., 2021; Mandolini et al., 2024; Nosrati, 2024; Raoufi & Bashi Azghadi, 2023) and the role

of Al in enhancing strategic cost decision-making (Bose et al., 2023; Leemans et al., 2023; Milana & Ashta, 2021; Piccialli et
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al., 2021; Zhang & Li, 2021). The study further corroborates evidence that organizational factors such as managerial support
and employee competence are critical for successful technology integration (Salas-Hidalgo, 2022; Yousef Zadeh et al., 2023).

By demonstrating that the hybrid model can reduce analysis time, improve transparency, and strengthen managerial
control, this study contributes to the growing discourse on digital transformation in accounting and cost management. The
proposed framework not only enhances the operational functionality of ABC but also supports its evolution into a strategic
decision-support system aligned with organizational goals (Borges et al., 2024; Khodami Pour & Javanmard, 2023; Mehrali et
al., 2022). This positions ABC as a future-ready tool capable of responding to the dynamic demands of digital-era project
environments.

In conclusion, this research presents a pioneering conceptual model that integrates ML and Al within the ABC framework
to improve project cost management. The model addresses traditional ABC limitations, enhances the accuracy of cost
allocation, and increases the transparency of financial data while optimizing resource use. It represents a critical step toward
data-driven decision-making and strategic agility in cost management, offering valuable insights for both scholars and

practitioners seeking to leverage emerging technologies to transform accounting systems in the digital age.
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