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Abstract 
The most critical step repeated at each process in risk management is "decision making." Decision trees, part of 

artificial intelligence, have been used in an integrated manner with different methods in decision-making under 

uncertainty in recent years. The main reason for this is the need to quantify uncertainty in project risk management 

and the need for a flexible decision-making process in project management. This article aims to determine which 

project risk management processes the appropriate methods are used more frequently and determine the literature gap. 

In this context, literature review and bibliometric analysis methods were used. The results indicate that the integrated 

use of related risk assessment methods has increased in the last five years. The methods were most frequently used in 

quantitative risk analysis, qualitative risk analysis, and risk identification processes. It has been determined that the 

number of studies conducted on risk monitoring and control processes is very few compared to the number of studies 

on other risk management processes. 
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Project risk management process group, decision tree, event tree analysis (ETA), fault tree analysis (FTA), bow tie 
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1. Introduction 

 
Risks are associated with uncertainty where either the output of an event or the event itself cannot be forecasted. 

According to Chapman and Ward (2003), uncertainties in project management come from estimates, the basis of 

estimates, design and logistics, objectives and priorities, relationships between project parties. Researchers have 

proposed several project risk management methodologies to manage these sources of uncertainties. ISO 31000, Prince 

2, and PMBOK guide are commonly used methods (Řeháček, 2017). Moreover, these different methods were 

compared and contrasted in various aspects (Karaman and Kurt 2015; Chin et al. 2012, Obrová and Smolikova 2013). 

As a result, several tools are proposed to select the best suitable approach for selecting project risk management 

methodology in the built environment, such as Forbes et al. (2008). Among all proposed methodologies, Project 

Management Institute’s (PMI) Project Management Body of Knowledge (PMBOK) has been widely accepted and 

used by construction management practitioners. PMBOK defines project risk as “an uncertain event or condition that, 

if it occurs, has a positive or negative effect on one or more project objectives” (PMI, 2017). These uncertainties have 

to be managed through seven processes. PMI’s project risk management processes start with planning a project risk 

management plan and continue with identifying risks, performing qualitative and quantitative risk analysis, planning 

risk responses, implementing risk responses, and monitoring risks. As stated by Forbes et al. (2008), the whole process 

depends on the identification of risks, since determining the risky event and associated uncertainty starts with 

identification. Evaluating the identified risks is another major component of risk management using qualitative and 

quantitative techniques. 

Even though project risk management literature has been widely studied, there are very few numbers of 

systematic reviews based on PMI’s process groups. For example, the chronological development of risk assessment 

techniques and models in construction risk management has been proposed by Tesfaye et al. (2016), and risk modeling 

techniques with fuzzy logic are given by Rezakhani (2012). Bahamid (2017) compiled studies on risk management in 

construction projects in developing countries, and Xia et al. (2018) examined risk management in construction projects 
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in an integrated framework with stakeholder management. A systematic review on new and emerging tools in project 

risk management could serve researchers and practitioners to see the gap in the literature. 

When the PMI’s project risk management processes are considered, the essential step repeated at each process 

is "decision making." In a project, we move forward by deciding whether to continue the project or not, the project 

timeline, identifying and prioritizing risks, and the strategy to be executed. However, we also want to know our options 

and possible consequences before deciding to make the right decision. Decision trees have been developed to 

schematize choices, branches, and outcomes to facilitate decision-making between different options. However, 

decision-making has a complex structure as it includes many parameters, and it does not seem possible to answer all 

problems with a single method. 

Since there are scarce resources in terms of systematic reviews on project risk management and decision 

making is a complex process, decision trees are selected as the primary subject matter of this paper. Therefore, a 

systematic review is conducted for decision trees in project risk management, and literature gaps are determined based 

on PMI’s seven project risk management processes. 

 

2. Methodology 
 

This paper used literature review and bibliometric analysis as the primary search method. A three-phase search process 

was followed as a starting point for a comprehensive literature review. The first phase included searching and filtering 

the keywords determined after expert opinion. The second phase included finding the related literature on the decision 

trees with the article abstracts' analysis. The final phase included finding the general trends and literature gap in the 

literature. The general flow of the research is shown in Figure 1. 

 

Figure 15. General Flow of Research 

This study determined the target information source of scientific articles registered in the Web of Science (WOS) 

database. In the first phase of the research, the keywords were determined after expert opinions. Five key experts who 

have academic publications on project risk management and have experience at least five years in construction were 

asked to determine the most suitable keywords related to project risk management. Eleven keywords were selected, 

and a search was conducted with these eleven keywords. 
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Table 15. Keywords Determined After Expert Opinions 

 

No Key Words 

1 “risk management” AND “project*” AND “decision tree” 

2 “project management” AND “risk*” AND “decision tree” 

3 “risk plan*” AND "project*" AND “decision tree” 

4 “risk identif*” AND "project*" AND “decision tree” 

5 “qualitative risk” AND “project” AND “decision tree” 

6 “quantitative risk” AND “project” AND “decision tree” 

7 “risk strategy*” AND “project*” AND “decision tree” 

8 “risk response*” AND "project*" AND “decision tree” 

9 "risk control" AND "project" AND " decision tree" 

10 “risk monitor*” AND “project” AND "decision tree" 

11 "ETA" OR " FTA" OR " Bowtie" OR " fault tree" OR "event tree" AND "project*" 

 

Article search was carried out in article topic in WoS using the keywords given in Table 2. These searches were 

filtered with the below methods; 

 

➢ # of articles without filter: Refers to the number of articles in search results before any filters are applied. 
➢ # of articles: Refers to the number of articles after the article filter is applied. 
➢ # Date filter: Refers to the number of articles after the date filter is applied (The articles published between 2012 

and 2021 are included). 
➢ SCI-Expanded and SSCI Index: Refers to the number of articles after the WoS Index filter is applied (The articles 

indexed in SCI-Expanded and SSCI Index are included). 
➢ WoS Category: Refers to the number of articles after the WoS Category filter is applied. (Engineering Civil and 

Construction Building Technology categories included). 
 

Table 16. 1st Phase of Keyword Search 

# of Articles 

without Filter 

 
# of Articles 

 
# Date Filter 

SCI and SSCI 

Index 

 
WoS Category 

131524 114351 53421 43899 502 

 

In the second phase of the research, all 502 article abstracts, titles, author names, and sources are downloaded for 

further analysis. The keywords project, decision tree, fault tree, and event tree were searched separately in the 

abstracts. Since the bow-tie analysis includes both ETA and FTA analysis, no additional searches were done for this 

keyword. The number of articles obtained is also shown in Table-3. 

 

Table 3. 2nd Phase of Research: Abstract Analysis 

# of Articles-1st 

Phase 

 

“Project” filter 
“Decision Tree” 

filter 

“Fault Tree” 

filter 

“Event Tree” 

filter 

502 159 36 121 34 

 

➢ # of articles-1st phase: Refers to the number of articles obtained from 1st phase of the research 
➢ “Project” filter: Refers to the number of articles after the word “project” filter is applied. 
➢ “Decision Tree” filter: Refers to the number of articles after the words “decision tree” filter is applied. 
➢ “FTA” filter: Refers to the number of articles after the word “FTA” filter is applied. 
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➢ “ETA” filter: Refers to the number of articles after the word “ETA” filter is applied. 
 

The abstracts of the articles shown in Table-3 were analyzed and divided into two categories within the scope of 

project risk management processes (articles not within the scope of project risk management were excluded). In this 

context, 39 articles for Decision Tree Analysis and 37 articles for ETA and FTA were determined for further analysis. 

 

In the third phase of the research, a total of 75 identified articles were reviewed and classified one by one 

according to the seven process groups of the PMI’s project risk management process. If research can be categorized 

in more than one process group, each process group is counted separately. Obtained results were analyzed in 3 stages. 

Decision trees and project risk management processes in the first stage; ETA, FTA, bow tie analysis, and project risk 

management processes in the second stage; all tree analysis and project risk management processes in the third stage. 

The number of articles by year is graphed to see the trend of decision trees in Project risk management processes. 

Finally, to determine and show the gap in the literature, the phases in the project risk management processes in which 

decision trees are used are quantified and delivered on a radar chart. 

 

3. Results 

 

3. 1 First Stage Results 

 
In the ten years between 2012 and 2021, the number of articles using decision trees in project risk management is 39. 

The distribution of the articles within the scope of project risk management by years is given in Figure 2. 
 

Figure 2. Number of Publications using Decision Tree Analysis in the Project Risk Management Process 
 

As shown in Figure 2, while only three articles were published between 2012 and 2016, the number of studies has 

started to increase since 2017. The main reason for this increase is the increasing prevalence of machine learning 

methods and integrated studies of decision tree analysis with these new methods. The most frequently used methods 

integrated with decision tree analysis are as follows: Naive Bayesian (Hassan et al., 2021; Liang et al., 2021; Ahmad 

et al., 2020; Gondia et al., 2020; Lu et al., 2020; Hu et al., 2019), Bayesian Network (Ahmad et al., 2020; Hu et al., 

2019), Analytical Hierarchy Process (AHP); (Maceika et al., 2020; Maceika et al., 2021), which ensures that not only 

objective factors but also subjective factors are considered in the decision-making process. Gong (2021) and Khazali 

et al. (2019) used a fuzzy logic and decision tree together. Compernolle (2019) and Chen (2017) use Monte Carlo 

Simulation () in construction projects. Welkenhuysen et al. (2017) used Techno-economic simulator PSS (Policy 

Support System) with Monte Carlo Simulation. Optimization and decision trees are used by Abreu et al. (2018) and 

Niederleithinger et al. (2017). Kameshwar (2020) used three separate decision trees for bridge restorations. The 

integrated use of machine learning with decision trees has increased in project risk management in recent years: The 

artificial neural network (ANN) (Arbab et al., 2021; Gondia et al., 2020; Shin, 2019; Guerrero et al., 2018), Random 

Forest (RF), (Arbab et al., 2021; Zhang et al., 2020; Hu et al., 2019; Poh et al., 2018; Liang et al., 2020), Support 

Vector Regression (SVR), (Arbab et al., 2021), Support Vector Machine (SVM), (Hassan, 2021; Liang et al., 2021; 

Zheng et al., 2021; Poh et al., 2018), Gradient Boosting Decision Tree (GBDT), (Zheng et al., 2021; Shin, 2019; Liang 

et al., 2020), K-nearest neighbors (KNN), (Hassan et al., 2021; Zheng et al., 2021; Mahmoodzadeh et al., 2021; 

Steineder et al., 2019; Poh et al., 2018), J48 Decision Tree (Ahmad et al., 2020; Khazali et al., 2019; Hu et al., 2019). 

Lin et al. (2019) used Classification and regression tree (CART), chi-squared automatic interaction detection 
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(CHAID), and quick, unbiased efficient statistical tree algorithms (QUEST) methodologies together. Gunduz and Lutfi 

(2021) used the CHAID and CRT models when deciding whether to bid on the projects or not. Rinaldi et al. (2020) 

used a decision tree-based machine learning algorithm. Howick et al. (2016) used the decision tree integrated with the 

mixed OR method. Real option (RU), which has more financial use than its application in engineering design analyzed 

with a binomial decision tree Ajak et al. (2015), Tang et al. (2017), and Ihm et al. (2019) studied with a trinomial 

decision tree. Other methods in which decision trees are used integrated into project risk management are as follows: 

Comparative analysis, gradient decision tree boosting- GDTB (Gong et al. 2021), Chi-square automatic interaction 

detection decision tree analysis (Cottrell et al., 2019), Matrix analysis of HVAC system, Cost estimation methodology 

(Cho et al., 2018), scenario analysis (Wang et al., 2016) and operation analysis (Otsuki et al., 2017). 

 

Figure 3; 39 reviewed articles are classified according to PMI Risk Management Process Groups. 
 

Figure 3. PMI Risk Management Process Groups of the Articles in the First Stage 
 

When integrated methods, including decision tree analysis, are classified according to PMI Risk Management Process 

Groups, it is seen that studies mainly belong to the risk identification and qualitative and quantitative risk analysis 

process groups. The number of studies on monitoring and controlling risks is less than other processes. Very few 

recent studies emerged in plan risk management, plan risk responses, implement risk responses, and monitor and 

control risk process groups. 

 

3.2 Second Stage Results 

 
Thirty-six articles published on project risk management processes in this analysis stage were analyzed. The 

distribution of the articles handled within the scope of project risk management by years is given in Figure 4. 
 

Figure 4: Number of Publications using ETA, FTA, Bow-Tie Analysis in the Project Risk Management Process 
 

Fault tree analysis (FTA) is a risk assessment method used to estimate the probability or frequency of a particular 

hazard event that may occur. Qualitative or quantitative risk assessment can be made using Boolean algebra's diagram 
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to define the hazard. Event tree analysis (ETA) is a risk assessment method that evaluates the consequences of a 

hazardous event. A diagram is created over the scenarios of a particular event. The method in which the questions of 

what can cause a hazardous event and what will happen if a hazardous event occurs together are evaluated together is 

called the bow-tie analysis. In other words, bow tie analysis combines ETA and FTA. In project risk management, 

ETA, FTA, and bow tie analysis methods have increased significantly in the last five years. 

The most frequently used methods integrated with decision tree analysis are as follows: Fuzzy logic in 

integration with FTA and ETA (Abad et al., 2020; Alipour-Bashary et al., 2021a; Krechowicz, 2020; Nasirzadeh et 

al., 2019; Shoar and Banaitis, 2019; Alipour-Bashary et al., 2021b; Hsu et al., 2020; Chen et al., 2018; Ardeshir et 

al., 2014; Gierczak, 2014; Abdelgawad et al., 2012; Abad et al., 2019; Marzouk and Mohamed, 2018; Marhavilas et 

al., 2020; Shahhosseini et al., 2018; Shoar et al., 2019). The second most common method used in integration with 

FTA and ETA is the Bayesian network (Zhou et al., 2018; Chen et al., 2015; Leu et al., 2015), but Guan et al. (2020), 

Zhang et al. (2014 and 2019) used fuzzy logic and Bayesian methods together with ETA and FTA. Ardeshir et al. 

(2014) and Marhavilas et al. (2020) preferred AHP with fuzzy logic. Another method integrated with ETA and FTA 

is Monte Carlo simulation (Vileiniskis et al., 2017; Shoar et al., 2019; Gernay et al., 2016; Abdelgawad et al., 2012). 

Zhang et al. (2019) used fuzzy fault tree analysis, fuzzy weighted index, and a risk response matrix in the designed 

model. On the other hand, Krechowicz (2020) used a Fuzzy set, fault tree analysis (FTA), artificial neural network 

(ANN), rough set (RS), cloud model (CM), and Bayesian network (BN) together for all phases. Marzouk et al. (2018) 

propose a framework with a new integrated system comprising fault trees, artificial neural networks, and analytical 

network processes. 

Heravi et al. (2015) used ETA for conflict management for changes in construction projects project 

participants Liu et al. (2015) used fault tree analysis to evaluate project skill risks of project teams. Song et al. (2012) 

used ETA with alternative dispute resolution (ADR) techniques. Tsai et al. (2018) proposed the decision-making 

support system of risk management from risk efficiency with FTA. Aljassmi (2013) used a fault tree with defect 

management, and Zhang (2021) used it with optimization. Figure 5 is obtained when the 36 reviewed articles are 

classified according to PMI Risk Management Process Groups. 
 

Figure 5: PMI Risk Management Process Groups of the Articles in the Second Stage 

 

As shown in Figure 5, ETA, FTA, and Bowtie Analysis were mainly used to quantify risks in PMI project risk 
management processes. Unlike decision tree analysis, integrated models using these methods and including all stages 

have also been proposed. ETA, FTA, and bow tie analyses are often used to identify risks and the qualitative analysis 
of risks, with the quantitative analysis of risks. 

 

3.3 Third Stage Results 
 

In the third stage, 39 articles, including decision tree analysis and 36 articles including ETA, FTA, and Bowtie analysis 

(75 articles in total), were grouped according to project risk management processes. Project risk management 

processes in various fields such as tunnels (Liang et al., 2021; Leng et al., 2020; Sharafat et al., 2021; Zhang et al., 

2019; Ardeshir et al., 2014; Zhang et al., 2014; Gierczak, 2014), Public-Private Partnership (PPPs), (Zheng et al., 

2021; Marzouk et al., 2018), contracts (Gunduz and Al-Ajji, 2021; Hassan et al., 2021; Zheng et al., 2021; Poh et al., 

2018; Siu et al., 2018; Turner et al., 2017; Marzouk et al., 2018) in construction technologies and civil engineering 
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projects were evaluated. The distribution of the articles handled within the scope of project risk management by years 

is given in Figure 6. 
 

Figure 6: Number of Publications using DT, ETA, FTA, Bow-Tie Analysis in the Project Risk Management Process 

 

When the distribution of 75 articles by year is examined, it is seen that 81% of them were published in the last five 

years. This ratio indicates an increasing interest in using decision trees with hybrid methods in project risk 

management. Figure 7 is obtained when the 75 reviewed articles are classified according to PMI Risk Management 

Process Groups. 
 

Figure 7. PMI Risk Management Process Groups of the Articles (Two Stages together) 

 

Considering the PMI’s process groups, the vast majority of the papers are published in the context of the quantitative 

risk analysis process group. 

 

4. Discussion 

 
The "decision-making" step is critical in each project risk management process. Decision trees, used as decision- 

making tools, provide ease of use as they schematize options about choices and possible outcomes. However, 

traditional decision trees deal with discrete values, are insufficient for uncertain situations, and can analyze a limited 

number of features with good performance. Most risk factors associated with a project are not independent and have 

causal relationships. There is an increasing interest in risk assessment methods that focus on this relationship between 

risks to increase the effectiveness of risk management (Guan et al., 2020). Easy integration of decision, event, and 

fault tree analyses with other methods lead to an effective project risk management methodology. 

92% of the research with decision trees in project risk management has been done in the previous five years. 

In recent years, this ratio shows the increasing interest in using both decision trees and fault/event trees in project risk 

management processes. When the 39 articles on decision trees were analyzed, it is seen that the most research was on 

the quantitative risk analysis (n=19) process. However, the number of processes for identifying risks (n=16) and 
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qualitative risk analysis (n=15) is close to the number of quantitative risk analysis processes. The most important 

reason for this is that the stages of identifying, evaluating, and prioritizing risks are generally handled and used 

together. However, after the risks are evaluated, the number of studies carried out during the planning risk strategies 

(n=7) and executing risk strategies (n=5), as well as the control and monitoring of risks processes (n=7), is considerably 

less than the number of other processes. This shows that planning, executing and control and monitoring of risks have 

high research potentiaş. In the 39 reviewed articles, including decision tree analysis, the number of processes for 

planning risk management and identifying and assessing risks constitute 75% of the total project risk management 

processes. The number of processes for planning responses to risks, implementing risk strategies, controlling and 

monitoring risks constitute 25% of the project risk management processes. 

When project risk management processes analyzed the 36 reviewed articles on ETA and FTA, the most research 

was on the quantitative risk analysis process (n=36), more than the sum of risk identification (n=17) and qualitative 

risk analysis (n=16) processes. The number of processes for controlling and monitoring risks is higher than decision 

trees. The most important reason for this is event tree analysis. Because ETA evaluates controls against the risks that 

may occur if an event occurs. The least researched process in the articles on ETA and FTA is the process where the 

project risk management is planned (n=5). In 2 articles, integrated models, including all project risk management 

processes, were preferred (Zhang et al., 2019; Krechowicz, 2020). In the 36 articles reviewed, the number of processes 

for planning risk management and identifying and evaluating risks, similar to decision trees, constitutes 75% of the 

total number of project risk management processes. The number of processes for planning responses to risks, 

implementing risk strategies, controlling and monitoring risks constitute 25% of the project risk management 

processes. However, the number of quantitative risk analysis processes alone corresponds to 36% of the total number 

of processes. This ratio shows that FTA is preferred most frequently in quantitative risk analysis. The majority of the 

findings indicate that project risk management researches are oriented to quantitative and qualitative risk analysis 

steps. There are less number of researches in project risk planning, executing and control and monitoring steps. 

 

Limitations of the study is twofolds. First,this study aimed to find research potential based on previous literature 

researches that can help new researchers in project rist management and only WoS database is used for analysis. 

Second, the full research articles are filtered from search results. Conference preceeding could be added to the research 

results. A more comprehensive study could be done with more keywords and more databases. 

 

5. Conclusions 
 

Flexibility and high costs increase the importance of project risk management in the built environment. The use of 

decision trees, a tool for decision-making under uncertainty, has risen in recent years. According to the results of the 

bibliometric analysis, it has been determined that the integration of decision trees with methods such as machine 

learning and fuzzy logic has increased the use of decision trees significantly in the last five years. When the PMI’s 

seven processes related to project risk management are analyzed, the decision tree is mainly used to identify risks and 

the qualitative and quantitative risk analysis processes. The least amount of study processes are where risk strategies 

are implemented and risk management is planned. Articles on project risk management generally concentrate on the 

risk identification and risk assessment phases. Since project risk management is a cyclical process, the planning and 

implementation of risk strategies and less handling of monitoring and control processes appear as the weakest link in 

project risk management 

For further research, bibliometric analyzes on project risk management in sectors other than construction will 

reveal the application differences between industries, and good practice examples can be integrated. According to the 

analysis it is seen that there is a gap in the literature, especially in implementing risk responses, plan risk management, 

plan risk responses phases. This analysis with decision trees can be repeated with several quantitative risk management 

methods such as AHP, machine learning, or fuzzy logic. 
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