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Abstract

Cost overrun is one of the main problems in project management that has a significant impact on the success
of construction projects. High project complexity, uncertainty of field conditions, design changes, and external
factors such as inflation and supply chain disruptions make predicting cost overruns a challenge that requires
a more sophisticated analytical approach than conventional methods. The development of Machine Learning
(ML) technology has opened new opportunities to improve the accuracy of project cost predictions through the
use of historical data and complex pattern analysis. This study aims to review the development of research
related to the application of Machine Learning in predicting project cost overruns, identify the most widely
used algorithms, influential predictor variables, and evaluate the advantages and limitations of each approach.
The research method is carried out through a systematic literature review of scientific publications indexed by
Scopus in the period 2015-2025. The study focuses on various ML algorithms, including Artificial Neural
Network (ANN), Support Vector Machine (SVM), Random Forest (RF), Decision Tree (DT), Gradient Boosting,
and Extreme Gradient Boosting (XGBoost), which are used in project cost prediction. The study results show
that Random Forest and XGBoost to produce higher levels of accuracy than traditional statistical methods or
single ML models. The factors most frequently used as predictor variables include project characteristics,
implementation duration, changes in work scope, contract conditions, labor productivity, technical risks, and
macroeconomic factors. This study concludes that Machine Learning has great potential in supporting early
warning systems and data-driven decision-making to control the risk of project cost overruns.

Keywords: cost overrun, machine learning, project cost prediction, construction, systematic literature
review, project management.
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However, cost overruns remain one of the most

INTRODUCTION common problems in construction projects

across various countries. This phenomenon has
Construction projects play a strategic role in attracted significant attention from researchers
supporting economic growth, infrastructure and practitioners due to its high frequency and
development, and achieving sustainable significant impact on project performance [3-
development goals. Project success is generally 4]. Cost overruns not only cause financial
measured by achieving three main objectives: losses for project owners and contractors, but
cost, time, and quality, known as the iron can also lead to delayed project completion,
triangle in project management [1-2]. reduced work quality, disrupted project cash
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flow, and reduced investor and stakeholder
confidence in the project's success [5-6]
Various studies show that cost overruns are
influenced by a combination of technical,
managerial, contractual, economic, and
environmental factors that interact in a
complex manner, making them difficult to
predict using conventional approaches[7-9].

Various studies have shown that most
construction  projects  experience  cost
deviations from the initial budget. This
phenomenon occurs in both small-scale
projects and mega-infrastructure projects. Cost
overruns have been identified as a major cause
of project failure in various countries and
industrial sectors, particularly in construction
and transportation infrastructure projects
[3],[5]. The factors causing cost overruns are
diverse, ranging from scope changes, initial
estimation errors, implementation delays, low
labor productivity, material price increases,
unpredictable weather conditions, and external
factors such as inflation and economic
instability. Various literature reviews have
identified design changes, scope changes,
project delays, poor project management, cost
estimation errors, material price fluctuations,
and economic factors as the dominant causes of
construction project cost overruns [10-12]. The
complexity of interactions between these
factors makes predicting cost overruns
increasingly difficult using conventional
approaches, which generally assume linear
relationships between variables. Traditionally,
project cost predictions have been conducted
using statistical methods and expert judgment-
based estimation techniques, such as linear
regression, historical trend analysis, and
parametric approaches. While these methods
are relatively easy to implement, their
predictive capabilities are often limited when
dealing with project data that is nonlinear,
multidimensional, and subject to high levels of
uncertainty. Conventional methods generally
assume linear relationships between variables,
making them less able to capture the complex
patterns often found in modern project data.

The development of digital technology and the
transformation of the industry towards the
industry 4.0 era have resulted in the availability

of large amounts of project data (big data) from
various sources, such as project management
information systems, Building Information
Modeling (BIM), field sensors, work progress
reports, and project financial data. The
digitalization of construction processes and the
integration of Information technology enables
the real-time collection, storage, and analysis
of project data on an increasingly large and
complex scale [13-14]. This condition
encourages the development of the application
of artificial intelligence (Al), and specifically
machine learning (ML), in  project
management. Machine learning is a branch of
artificial intelligence that enables computer
systems to learn patterns from historical data
and generate predictions without having to be
explicitly programmed. In the context of
project management, this technology has been
used to support decision-making, cost
prediction,  duration  estimation,  risk
identification, and project performance
evaluation with a higher level of accuracy than
conventional methods [15-17]. In the past
decade, the application of machine learning to
predict project cost overruns has experienced
significant development. Various algorithms
have been used, such as artificial neural
networks (ANN), support vector machines
(SVM), decision trees (DT), random forests
(RF), gradient boosting machines (GBM),
extreme gradient boosting (XGBoost), and
deep learning techniques. Unlike traditional
statistical methods, = machine learning
algorithms are able to identify complex
relationships, hidden patterns, and nonlinear
interactions between variables that influence
project costs. Various studies have shown that
machine learning models are capable of
producing higher levels of predictive accuracy
than conventional approaches, especially for
projects with complex and dynamic
characteristics.

Research developments in this area still face
several challenges. First, there is no consensus
on the most effective machine learning
algorithm for predicting cost overruns across
various project types because model
performance is heavily influenced by data
characteristics, sample size, and the project
context being analyzed [15],[18]. Second,
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variations in data characteristics, predictor
indicators, and validation methods used in
various studies often make the results difficult
to compare directly and limit the
generalizability of the models to different
project conditions [14],[17]. Third, most
machine learning models, particularly those
based on ensemble learning and deep learning,
still face interpretability issues (black box
problems), making the relationship between
input variables and predicted results difficult to
explain transparently to decision-makers [19-
20]. In addition, data quality issues, incomplete
data, dataset imbalance, and limited historical
data availability are also major challenges in
developing reliable, accurate, and
generalizable predictive models for various
types of construction and infrastructure
projects [13-14],[16].

Previous research has discussed the application
of Machine Learning in project management,
particularly for cost estimation, duration
prediction, risk identification, and project
performance evaluation. However, most
studies still focus on the development and
testing of specific algorithms, such as Artificial
Neural Networks (ANN), Support Vector
Machines (SVM), Random Forest (RF), and
Extreme Gradient Boosting (XGBoost), on
specific project case studies and limited
datasets [14-15],[18]. On the other hand,
various reviews on artificial intelligence in the
construction industry generally discuss Al
applications broadly without providing an in-
depth analysis of project cost overrun
prediction as a specific research topic [16-17].
Comprehensive studies evaluating algorithm
developments, dominant predictor variables,
model performance, implementation
challenges, and future research directions in
the context of project cost overrun prediction
are still relatively limited. A systematic
literature review method is necessary to
integrate existing research findings, compare
the effectiveness of various Machine Learning
approaches, and identify research gaps that can
serve as a basis for further research.

This research aims to analyze the development
of Machine Learning applications in predicting
project cost overruns based on Scopus-indexed
scientific publications.  Specifically, this

research aims to: (1) identify research trends
related to the use of Machine Learning in
project cost overrun prediction; (2) examine
the most widely used algorithms and their
performance levels; (3) identify the factors
most influential in cost overruns; and (4)
formulate challenges, opportunities, and
directions for future research development.
These objectives are crucial given the
increasing use of artificial intelligence in
project management and the need for more
accurate, adaptive prediction systems capable
of supporting data-driven decision-making
[14],[16-17]. The results of this study are
expected to provide theoretical contributions to
the development of project management
science and serve as a practical reference for
project owners, contractors, consultants, and
policymakers in implementing artificial
intelligence-based cost prediction systems to
improve project success and reduce the risk of
cost overruns [13-14].

Unlike previous review studies, which
generally discuss artificial intelligence
applications in construction management from
a broad perspective or evaluate only specific
machine learning techniques, this study
specifically focuses on the application of
Machine Learning for predicting construction
project cost overruns using a Systematic
Literature Review (SLR) approach. The
novelty of this study lies in its comprehensive
synthesis  of  recent  Scopus-indexed
publications by simultaneously examining
research trends, comparing the predictive
performance of widely used machine learning
algorithms (ANN, SVM, Random Forest,
XGBoost, and Deep Learning), identifying the
most influential predictor variables, and
highlighting current implementation
challenges and future research directions.
Furthermore, this review emphasizes emerging
opportunities for integrating Explainable
Artificial  Intelligence  (XAI), Building
Information Modeling (BIM), Digital Twins,
and Internet of Things (loT) technologies into
intelligent cost prediction systems. Therefore,
this study provides a more comprehensive
conceptual framework that supports both
future academic research and practical
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decision-making in construction project cost
management.

METHOD

This study used the Systematic Literature
Review (SLR) method to identify, evaluate,
and synthesize research findings related to the
application of Machine Learning to predict
project cost overruns. The SLR approach was
chosen because it provides a systematic,
transparent, replicable review process, and
minimizes bias in literature selection and
analysis. This method is widely used to map
research developments, identify scientific
trends, and identify research gaps in a field
(Kitchenham & Charters, 2007; Tranfield et
al., 2003).

The study was conducted through several main

stages: (1) formulating research questions, (2)

determining a literature search strategy, (3)

selecting articles based on inclusion and

exclusion criteria, (4) data extraction, (5)

bibliometric analysis and thematic synthesis,

and (6) identifying research gaps and future
research agendas.

This study was designed to answer the

following research questions (RQs):

e RQ1: What are the trends in research
developments related to the application of
Machine Learning to predict project cost
overruns?

e RQ2: What machine learning algorithms are
most commonly used to predict project cost
overruns?

e RQ3: What are the challenges,
opportunities, and future research directions
in developing project cost overrun
prediction models?

The primary data source used in this study was

the Scopus database, as it is one of the largest

scientific publication indexes, covering highly
reputable international journals with broad
multidisciplinary coverage.

The article search was conducted using a

combination of keywords structured around the

main research concepts: machine learning, cost
overrun, and project management. The search
string used was as follows:

TITLE-ABS-KEY (

("machine learning™ OR "artificial intelligence"
OR

"deep learning” OR "neural network™ OR
"random forest" OR "support vector machine")
AND

("cost overrun™ OR "cost prediction" OR

"cost estimation" OR "project cost")

AND

("construction project” OR "project management"
OR "infrastructure project™)

A total of 256 articles were initially identified
through a Scopus database search using the
predefined search string. After removing
duplicate records, 232 articles remained for
title and abstract screening. Subsequently, 78
articles were assessed through full-text review
to determine their relevance to the research
objectives. Following the application of the
inclusion and exclusion criteria, 43 articles
were finally selected and included in the
systematic literature review. The detailed
article selection process is illustrated in Figure
1 following the PRISMA framework.

Inclusion and Exclusion Criteria:

The literature search was limited to
publications indexed in the Scopus database
between 2015 and 2025, consistent with the
study scope presented in the abstract. Only
peer-reviewed journal articles written in
English and focusing on the application of
Machine Learning for predicting construction
project cost overruns or construction cost
estimation were included in the review.
Conference papers, book chapters, review
articles unrelated to construction cost
prediction,  studies  without  sufficient
methodological information, and publications
outside the specified period were excluded.
These inclusion and exclusion criteria ensured
that only relevant and high-quality studies were
synthesized in this review.

Data Extraction:

For each selected article, the extracted
information  included publication  year,
machine learning  algorithm,  predictor
variables, project type, dataset characteristics,
model performance indicators, and the main
research  findings. These data  were
subsequently synthesized to identify research
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trends, compare algorithm performance, and
determine future research opportunities.

The article selection process follows the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)
guidelines.

identifcation

Eligibility
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Figure 1. PRISMA 2020 Flow Diagram
of Article Selection Process

Figure 1 presents the PRISMA-based article
selection process adopted in this study. A total
of 256 records were initially identified through
the Scopus database. After removing 24
duplicate records, 232 articles remained for
title and abstract screening. Subsequently, 78
full-text articles were assessed for eligibility,
of which 35 articles were excluded based on
the predefined exclusion criteria. Finally, 43
articles met all inclusion criteria and were
included in the qualitative synthesis.

The selection stages consist of:

1) Identification: identifying articles from
the Scopus database based on
predetermined keywords.

2) Screening: removing duplicate articles,
Selecting titles and abstracts.

3) Eligibility: reviewing the full text of
articles that meet the initial criteria.

4) Inclusion: determining the articles to be
analyzed in the study.
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Figure 2. Annual Distribution of
Publications (2015-2025)
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RESULTS AND DISCUSSION

1. Artificial Neural Network (ANN)
Publication analysis shows that research on
project cost prediction using Machine
Learning has consistently increased over
the past decade. In the 2015-2018 period,
research was still dominated by Artificial
Neural Network (ANN) and Support Vector
Machine (SVM) methods. Entering the
2019-2022 period, ensemble learning-
based algorithms such as Random Forest
(RF), Gradient Boosting Machine (GBM),
and Extreme Gradient Boosting (XGBoost)
began to be widely used due to their
superior ability to handle nonlinear
relationships and high-dimensional data.
In the 2015-2025 period, research trends
began to shift toward the use of Deep
Learning, Explainable Acrtificial
Intelligence (XAI), and the integration of
Machine  Learning  with  Building
Information Modeling (BIM), the Internet
of Things (loT), and real-time project
monitoring systems. These developments
indicate that the research focus is no longer
solely on improving prediction accuracy,
but also on model transparency and the
integration of intelligent systems in project
management.
The study results show that several Machine
Learning algorithms dominate research on
project cost overrun prediction.
ANN is the earliest and most widely used
algorithm in project cost prediction. Its
ability to model nonlinear relationships
makes it superior to traditional regression.
However, ANN has the drawback of
requiring large amounts of data and poor
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model interpretability. The extensive use of handle imbalanced data. This algorithm is
ANN in earlier studies demonstrates its one of the most promising methods for
capability to model complex nonlinear predicting project cost overruns. XGBoost
relationships between project variables and has consistently demonstrated superior
construction costs. However, its predictive performance because of its ability
dependence on large training datasets and to optimize learning through gradient
limited interpretability have encouraged boosting while effectively controlling
researchers to  explore  alternative overfitting. Several reviewed studies reported
algorithms that provide greater lower prediction errors than ANN and SVM,
transparency while maintaining high indicating that XGBoost is particularly
predictive accuracy. suitable for complex construction datasets.
However, the algorithm requires careful
2. Support Vector Machine (SVM) hyperparameter tuning and remains relatively
SVM performs well on small to medium- difficult to interpret, highlighting the need for
sized datasets. This algorithm is relatively Explainable Artificial Intelligence (XAl) in
resistant to overfitting and is capable of future implementations.
producing accurate predictions for various
types of construction projects. SVM Table 1. Comparison of ML Algorithms
remains an effective solution for relatively [14-19]
small datasets because of its strong
generalization capability and resistance to Algoritma  Advantages Disadvantages
overfitting. Nevertheless, its performance ANN Handling Black-box,
may decrease when handling highly complex requires big data
heterogeneous project data involving nonlinear
numerous predictor variables, making relationships
ensemble-based algorithms increasingly SVM Accurate on  Difficult to
preferable in recent studies. small Interpret
datasets
RF Stable and Requires
3. Random Forest (RF) easy to use parc;meter tuning
RF h_as be_come one _of the most pOpl_.Ilé_ll’ XGBoost High High model
algorithms in the last five years because it is accuracy complexity
able to handle complex data, reduce model Deep Handling Requires high
variance, and provide information about the Learning big and computing
level of variable importance (feature complex
importance). The increasing popularity of data
Random Forest reflects the growing
demand for prediction models capable of Table 1 illustrates the comparison between
handling nonlinear interactions among ANN, SVM, RF, XGboost and Deep Learning
technical, managerial, and economic where XGBoost has high accuracy with high
variables. In addition to providing high model complexity.
predictive accuracy, Random Forest offers
feature importance analysis, allowing Although Deep Learning provides excellent
practitioners to identify the most influential predictive capability for large-scale datasets,
factors contributing to project cost its practical implementation in construction
overruns.  This  practical advantage project management remains limited. Many
distinguishes Random Forest from many organizations still lack sufficient historical
earlier machine learning techniques. project data and computational resources to
fully exploit deep learning models.
4. Extreme Gradient Boosting (XGBoost) Consequently, future studies should investigate
XGBoost has  demonstrated  superior hybrid approaches that combine predictive

performance in numerous studies due to its
ability to improve prediction accuracy and
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accuracy with model transparency and applied to
practical applicability. relatively
small
5. Research Contribution datasets.
This study contributes to the existing literature Support Cheng  Cost-related Produced
in three important aspects. First, it provides a Vector & Roy variables, reliable
comprehensive synthesis of Machine Learning Machin  (2011) project prediction
applications specifically for construction e [22] duration performa
project cost overrun prediction based on recent (SVM) nce for
Scopus-indexed  publications.  Second, it limited
compares the strengths, limitations, and project
practical applicability of the major machine samples.
learning algorithms, enabling researchers and Rando  Akinos Technical Achieved
practitioners to better understand algorithm m ho et factors, high
selection under different project conditions. Forest  al. economic predictive
Third, this study identifies emerging research (RF) (2020)  factors, performa
opportunities involving Explainable Artificial [23] managerial  nce (R?>
Intelligence (XAl), Building Information factors 0.90)
Modeling (BIM), Digital Twins, and Internet while
of Things (loT), which are expected to support effectivel
the development of more transparent, y
intelligent, and reliable project cost prediction handling
systems. nonlinear
relationsh
Table 2. SLR of various algorithms ips.
Rando Pan&  Cost factors, Outperfor
Algorit Refere Main Perform m Zhang  risk factors, med
hm nce Predictor ance Forest (2021) prOdUCtiVity ANN and
Variables ~ Summar (RF)  [14] indicators  SVMin
y terms of
Artifici  Kimet Historical Demonstr prediction
al al. project cost, ated accuracy
Neural  (2004) work higher and
Networ [21] volume, prediction model
k labor accuracy robustnes
(ANN) productivity than S.
conventio Extrem Chen Multidimen  Achieved
nal e & sional the
regressio Gradie  Guestri project data  lowest
n models nt n MAE and
in Boostin  (2016) RMSE
estimatin g [24] among
g (XGBo the
constructi ost) compared
on costs. machine
Support Sonet Initial Achieved learning
Vector  al. project cost, lower algorithm
Machin  (2019)  project RMSE S.
e [18] risks, than Extrem Liet Cost risks, Consisten
(SVM) project ANN e al. design tly
schedule when Gradie changes, outperfor
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nt (2022)
Boostin  [25]

med
ANN and
RFin
constructi
on cost
prediction
tasks.
Demonstr
ated
superior
predictive
capability
for
complex
and high-
dimensio
nal
datasets.
Showed
strong
potential
for real-
time
project
cost
prediction
through
digital
technolog
y
integratio
n.

labor
productivity

g
(XGBo
ost)

Deep Elbaz

Learnin etal.

g (2022)
[26]

Large-scale
project
datasets

BIM data,
10T data,
project
progress

Deep Hossei

Learnin nietal.

g (2023)
[17]

Table 2 summarizes the principal machine
learning algorithms identified in the reviewed
studies, together with their predictor variables
and reported performance. Earlier studies
mainly applied ANN and SVM using historical
project cost, schedule, and productivity data.
More recent studies increasingly adopted
ensemble learning techniques such as Random
Forest and XGBoost because of their superior
predictive performance, lower prediction
errors, and ability to handle complex nonlinear
relationships. Recent developments also
demonstrate growing interest in Deep Learning
models integrated with BIM and loT data to
support real-time project cost prediction.

The identified research gaps include:

1. No studies have yet concluded the best
algorithm for all project types.

2. Direct comparisons of ANN-SVM-RF-
XGBoost—Deep Learning on the same dataset
are still limited.

3. Most studies focus solely on accuracy without
considering model interpretability.

4. The use of explainable artificial intelligence
(XAIl) in cost overrun prediction is still very
limited.

5. The integration of predictive models with
BIM, digital twins, and loT remains a
promising research opportunity.

The challenges faced in applying ML to predict

project cost overruns are:

1. Data Quality: many organizations lack a
standardized project data collection system,
resulting in incomplete and inconsistent
historical data.

2. Data Imbalance: project cases with extreme
cost overruns are relatively few, leading to an
imbalanced data distribution.

3. Black Box Problem: most highly accurate
models are difficult to explain to users,
reducing the level of confidence among
decision-makers.

4. Model Generalization: models developed for
a specific project or region often cannot be
directly applied to other projects.

5. System Integration  Limitations:  the

integration of machine learning models with
BIM, ERP, and project monitoring systems is
still relatively limited.

Fraridus o Pl §brian

Figure 3. Freguency of Machine
Learning Algorithms Identified in the
Reviewed Studies

Among the 43 reviewed studies, Random
Forest was the most frequently applied
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algorithm, appearing in 12 studies (27.9%),
followed by Artificial Neural Network (10
studies; 23.3%), XGBoost (9 studies; 20.9%),
Support Vector Machine (8 studies; 18.6%),
and Deep Learning (4 studies; 9.3%). This
distribution indicates a gradual transition from
conventional machine learning approaches
toward ensemble learning techniques because
of their superior predictive performance and
robustness ~ when  handling  complex
construction project datasets.

CONCLUSION

The following conclusions can be drawn from
the research conducted:

1. The among the 43 selected studies, only
one publication was identified in 2015.
The number of publications gradually
increased, reaching seven studies in
2022 before remaining relatively stable
during the following years. Overall,
approximately 65% of the reviewed
publications were published between
2020 and 2025, indicating a substantial
increase in research activity on machine
learning applications for construction
project cost prediction.

2. Based on the synthesis of 43 selected
studies, Random Forest was identified as
the most frequently applied machine
learning algorithm (27.9%), followed by
Artificial Neural Network (23.3%),
XGBoost (20.9%), Support Vector
Machine (18.6%), and Deep Learning
(9.3%). The increasing adoption of
ensemble learning algorithms reflects
their superior capability to produce
accurate and robust predictions for
construction  project cost overrun
analysis.

3. The study results indicate that Machine
Learning has significant potential to
improve the effectiveness of project cost
prediction systems and support more
proactive decision-making integrated
with digital technologies such as BIM,
Digital Twin, and the Internet of Things.
(loT) in order to increase project
success in a sustainable manner.
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