Assessment and Determination of Risk Mitigation Dimensions in Public Construction Projects. A case study in Ethiopian construction projects.
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          Abstract:
Construction project risks are uncertain events that can positively or negatively affect project objectives. When risks are not properly managed from the initial stages, they can result in project failures, injuries, delays, disputes, cost overruns, and other adverse consequences. Ethiopian construction projects face significant challenges associated with these risks, highlighting the need for effective risk mitigation practices. Despite extensive research on construction risk identification and assessment, limited attention has been given to systematically determining risk mitigation dimensions for public construction projects in developing countries, particularly Ethiopia. To address this gap, this study aims to identify and analyze risk mitigation measures that can increase the likelihood of successful public construction projects. A detailed literature review was conducted to identify risk mitigation attributes for public construction projects. A total of 29 attributes were identified through the literature review and consolidated through interviews and pilot studies with construction industry professionals. A questionnaire containing the 29 attributes was distributed to various stakeholders, and 118 completed questionnaires were returned. The Relative Importance Index was used to rank the attributes, and principal component analysis (PCA) was performed to group the attributes into underlying dimensions. The five highest-ranked attributes were 1. on-time decision-making, 2. ensuring that construction teams have the necessary qualifications, abilities, and experience, 3. solving disputes efficiently, 4. transparent procurement and competitive tendering process, and 5. audit norms. The PCA results grouped the 29 attributes into five key risk mitigation dimensions: 1. pre-project planning dimensions, 2. project monitoring and controlling dimensions, 3. project-related dimensions, 4. inter-partner relationships dimensions, and 5. Project management skills. The findings provide a basis for proactively mitigating risks and addressing management-related challenges in Ethiopian public construction projects.
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1.Introduction 
The construction sector plays a vital role in a country’s development, quality of life, tourism, environmental sustainability, economic growth, and job creation (Fathi, 2024).Globally the sector accounts for 7.7% of total employment (Acolin et al., 2021).However, construction projects are exposed to various risks that, if not properly managed from the initial stages, can lead to financial losses, project failures, injuries, delays, disputes, cost overruns, and other adverse consequences (Cherkos & Asfaw, 2025; Ferede et al., 2021).
In construction projects, risk refers to an uncertain event that can have a positive or negative impact on project performance, while unmanaged risks remain a major concern for project success (Cherkos & Asfaw, 2025).
Delays, cost overruns, quality problems, and disputes in construction projects are primarily associated with project complexity, the nature of construction activities, stakeholder-related issues, technical risks, and funding problems (Alhammadi et al., 2025; Belihu et al., 2026; Gouda Mohamed et al., 2023; Hoque & Hasan, 2025) .These challenges are particularly evident in the Ethiopian construction sector, where project performance remains concerning. Reports on the Ethiopian construction industry have highlighted significant challenges related to the iron triangle(time, cost, and quality) as well as safety issues. For instance, only 8.25% of projects in Ethiopia were completed by their original targeted completion dates, whereas the remaining 91.75% experienced delays equivalent to 352% of their contractual time (Koshe & Jha, 2016).Similarly, (Dessa, 2003.) examined the performance of 15 completed projects in different regions of Ethiopia and found that delays in most projects ranged from 20.66% to 500% of the original contract duration. Cost increases exceeded 80% of the contractual sum. Furthermore, claims in large-scale construction projects in Ethiopia can reach millions of Ethiopian Birr and, in some cases, exceed 100% of the project cost costs (Dinku & Kahssay,2003). In addition, 38.3% of building construction employees experiencing an injury (Tadesse & Israel, 2016).  

These findings indicate that limited attention has been given to risk mitigation in construction projects in Ethiopia, highlighting the need for further investigation. Therefore, to address this gap, this study aims to investigate the following research question: What risk mitigation measures can improve the performance of Ethiopian public construction projects in addressing challenges related to the iron triangle and disputes? To answer this question, the study aims to identify and analyze risk mitigation measures that can increase the likelihood of successful public construction projects.

2.Literature Review
Construction projects are unique, temporary, and complex, and, due to the characteristics of the construction industry, risks arise from several different sources (A Guide to the Project Management Body of Knowledge Third Edition (PMBOK ® Guide,2004.).Risk can be defined as the probability of an event and the consequence of loss associated with that event (Endris Yadeta, 2020). Given the inherent nature of the construction industry, risks cannot be completely avoided; however, their likelihood of occurrence and potential impacts can be minimized through effective risk management (Endris Yadeta, 2020).This is particularly important in public construction projects, where inadequate risk management can contribute to poor project performance in terms of time, cost, quality, and disputes.
Risk management is the process of risk identification, analysis, response, monitoring, and control throughout a project. The main goal of risk management is to increase the probability and impact of positive events and decrease the probability and impact of events adverse to the project(A Guide to the Project Management Body of Knowledge Third Edition (PMBOK ® Guide,2004.).Risk identification is the first step in the risk management process and involves determining the potential sources and root causes of risks (Szymański, 2017).Following risk identification and analysis, appropriate responses are required to reduce the potential consequences of identified risks. Risk mitigation involves reducing both the likelihood of occurrence and the potential impact of risks (Lin & Chen, 2021; Tang et al., 2007). Therefore, effective risk management requires not only identifying and classifying risks but also determining appropriate mitigation measures.
Construction risks are categorized into internal and external risks. External risks are beyond the control of project teams and. In contrast, internal risks arise from the specific nature of the project and events occurring within the control of the project organization (Endris Yadeta, 2020).According to the study by (Shibani et al., 2024) internal risks in large construction projects are associated with the management and control of project activities. These risks originate within the project organization and may involve the responsibilities of owners, architects, suppliers, designers, contractors, and subcontractors. Thus, both internal and external sources need to be considered when developing effective risk mitigation strategies for construction projects.
Previous studies have predominantly focused on identifying, classifying, ranking, and assessing the effects of internal and external risks on construction project performance. External risks have included natural, economic, social, environmental, political, and legal risks, whereas internal risks have included financial, contractual, logistics, construction, procurement, technical, and management risks (Chandra, 2015; Cherkos & Asfaw, 2025; Endris Yadeta, 2020; Gouda Mohamed et al., 2023; Gupta et al., 2025; Kivrak & Udan, 2023; Tessema et al., 2022; Yang et al., 2025; Zegeye & Darsa, 2024).These studies demonstrate that construction risks can substantially affect project performance. In Ethiopia, project performance has been particularly affected by  iron triangle(time, cost, and quality) as well as safety issues (Koshe & Jha, 2016; Dessa, 2010,Tadesse & Israel, 2016). Furthermore, when risks are not effectively managed from the initial stages of a project, they can result in injuries, delays, disputes and overrun cost (Ferede et al., 2021).

Although previous studies have provided valuable insights into construction risk identification, classification, and assessment, limited attention has been given to determining the dimensions of risk mitigation measures, particularly in public construction projects in developing countries. Most existing studies have emphasized the sources and effects of risks rather than systematically determining mitigation dimensions that can help reduce their likelihood and impact. To address this research gap, particularly in the context of Ethiopian public construction projects. Therefore, the present study focuses on determining the key dimensions of risk mitigation in public construction projects.
3. Research Methodology
 The methodology flowchart is systematically presented in Figure 1 below.
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Figure1: Methodology flow chart
To achieve the objectives of this study, the research methodology consists of six steps, which include the following: Step 1: Attributes identification, Step 2: Preliminary study, Step 3: Data collection using a questionnaire survey, Step 4: Sampling size determination, Step 5: Calculation of Relative Importance Index and Step 6: Exploratory Factor Analysis
Step1: Attributes identification: - After an in-depth review of the literature and expert opinion, a set of variables that influence risk mitigation measures in public construction projects was identified. All identified attributes were listed in Table 1 below with their corresponding references .
Table 1:  Codes, Attributes and References
	Code 
	Attributes 
	References

	F2VAR28
	Adequate plan and specification
	(Aragaw & Cherkos, 2025)
	F2VAR60
	Detailed feasibility study before starting the project (Conducting a geological and climatic study)
	Suggested by expert

	F2VAR26
	Stakeholder engagement in projects
	(Fathi, 2024)
	F2VAR70
	Clear and precise goals (scope clarity)
	(Aragaw & Cherkos, 2025)
	F2VAR25
	Define clear responsibilities in the contract
	(Aragaw & Cherkos, 2025; Tabish & Jha, 2012)
	F2VAR24
	Allocating contingency for uncertainties
	(Viswanathan et al., 2020)
	F3VAR14
	Visiting the site regularly
	(Maddah et al., 2026)
	F3VAR18
	Regular quality control and quality assurance activities
	(Sinesilassie et al., 2018)

	F3VAR17
	Adequate communication among all project participants
	(Tripathi & Jha, 2018)


	F3VAR15
	Consideration of cultural and language factors in project site
	Suggested by expert

	F3VAR13
	Regular monitoring and feedback by top Management
	(Sinesilassie et al., 2018)


	F4VAR16
	Clear reporting system
	(Cheng & Darsa, 2021)
	F4VAR20
	Regular project updates
	(Tabish & Jha, 2012)
	F5VART2
	Transparent procurement and competitive tendering process
	(Ababa, 2011; Fathi, 2024)
	F1VAR46
	Ensuring construction teams have the necessary qualifications, abilities, and experience
	(Yang et al., 2025)
	F1VAR44
	Audit norms
	(Ababa, 2011; Tabish & Jha, 2018)
	F1VAR47
	Availability of resources (material, manpower, machinery and money) as planned throughout the project.
	(Sinesilassie et al., 2018)


	F1VAR45
	Timely land acquisition and appropriate compensation
	(Fathi, 2024)
	F5VAR31
	Good coordination between project participants 
	(Kineber et al., 2024; Tabish & Jha, 2012)
	F1VAR40
	Flow of the information among parties
	(Bakr, 2018)
	F2VAR30
	Using new technological approaches
	(Kineber et al., 2024)
	F4VAR29
	Clients’ active enrollment and support
	(Kineber et al., 2024)
	F5VAR33
	Solving disputes efficiently
	(Bakr, 2018)
	F5VAR32
	Adequacy of the planning and control techniques
	(Sinesilassie et al., 2018)

	F4VAR27
	On-time decision-making
	(Yang et al., 2025)
	F1VAR39
	Project manager competency
	(Tabish & Jha, 2012)
	F1VAR38
	Commitment of all Project Participants
	(Yang et al., 2025)
	F1VAR43
	Appropriate risk allocation and risk-sharing
	(Fathi, 2024)
	F1VAR50
	Owners Competency
	(Aragaw & Cherkos, 2025; Tabish & Jha, 2012)

Step2: Preliminary study :- As shown in the methodology flowchart in Figure 1, the risk mitigation attributes listed in Table 1 were discussed in detail with three experts with more than 20 years of experience in construction projects to assess their suitability for projects. These experts were selected based on their extensive experience in executing construction projects and their availability. After two rounds of face-to-face discussions with each expert and a few recommendations, the experts concluded that the list of 29 attributes was generally suitable and that no further modifications were needed.
Step 3: Data collection using a questionnaire survey: Data was collected using a questionnaire survey. 200 questionnaires were distributed to industry experts working on public construction projects. A total of 118 complete responses were received. The questionnaire had two parts: part 1 covered respondents' details, such as education level and project experience. In part 2 of the questionnaire, participants were asked to rate the influence of the 29 attributes identified on the project's performance on a Likert scale from 1 (least impact) to 7 (extremely high impact). The respondent's background is explained in Table 2 below.
Table 2: Respondent’s background
	Position
	Questionnaire
	Education level
	Experience(years)

	
	Distributed
	Valid Response
	Diploma  
	B.Sc.
	M.Sc.
	Ph.D
	5-10
	11-20
	Above 20 

	Project engineer
	40
	24
	0
	15
	9
	0
	8
	10
	6

	Construction manager
	35
	27
	0
	10
	16
	1
	7
	8
	12

	Quantity Surveyor
	25
	16
	2
	14
	0
	0
	6
	7
	3

	Project Manager
	44
	23
	0
	13
	9
	1
	3
	12
	8

	Architect
	20
	10
	0
	4
	6
	0
	4
	3
	3

	Health and safety officer
	20
	8
	2
	4
	2
	0
	3
	4
	1

	Quality manager
	16
	10
	0
	10
	0
	0
	4
	3
	3

	Total 
	200
	118
	4
	70
	42
	2
	35
	47
	36


Step 4: Sampling size determination:
The required size was determined using the formula(COCHRAN, 1977),expressed as:
                                                                                                           Eq.1                     Where is the required sample size, Z is the selected critical value of the desired confidence level, p is the estimated proportion of the infinite population (assumed as 0.5 to ensure maximum variability), and  is the acceptable margin of error. For a confidence level of 95% (z = 1.96), with q = 1-p = 0.5, and 90% precision(e=0.10),  the minimum number of respondents required is 97. The actual sample size (n=118) exceeds the requirement and is therefore considered sufficient for statistical and factor analyses (Hair et al., 2019) (Tripathi & Jha, 2018)
Step 5: Calculation of Relative Importance Index:
The relative importance index (RII) has been widely used in construction management studies(Chan & Kumaraswamy, 1997; Garg & Misra, 2021). In this study, the RII for each attribute was calculated using equation two.
and    MS =                                                                                         Eq.2
Where, w = weighting given to each factor by the respondents and ranges from 1 to 7 (from least impact to extremely high impact). A = highest weight (i.e., 7), N = total number of respondents, MS =mean score, and RII is relative importance index. Based on Equation two, the attributes were calculated using their respective RII values and ranked accordingly, as shown in Table 3.

Table 3: Relative importance index Ranking of Attributes
	Attributes
	Mean
	Standard deviation
	RII
	Rank

	F1VAR46
	5.7368
	1.24838
	0.819543
	2

	F1VAR50
	5.3772
	1.33297
	0.768171
	13

	F1VAR44
	5.5752
	1.28734
	0.796457
	5

	F1VAR47
	5.5263
	1.31169
	0.789471
	7

	F1VAR45
	5.5045
	1.40048
	0.786357
	8

	F1VAR43
	5.3604
	1.41930
	0.765771
	15

	F1VAR39
	5.193
	1.44441
	0.741857
	26

	F1VAR38
	5.2435
	1.49614
	0.749071
	24

	F1VAR40
	5.3478
	1.41448
	0.763971
	17

	F2VAR60
	5.2373
	1.61021
	0.748186
	25

	F2VAR28
	5.3017
	1.58920
	0.757386
	20

	F2VAR70
	5.2966
	1.40396
	0.756657
	22

	F2VAR26
	5.3879
	1.34340
	0.7697
	12

	F2VAR25
	5.3421
	1.46238
	0.763157
	18

	F2VAR30
	5.4741
	1.34139
	0.782014
	10

	F2VAR24
	5.3621
	1.47676
	0.766014
	14

	F3VAR14
	5.2735
	1.45995
	0.753357
	23

	F3VAR13
	4.8205
	1.81286
	0.688643
	28

	F3VAR17
	4.931
	1.70791
	0.704429
	27

	F3VAR18
	4.708
	1.77121
	0.672571
	29

	F3VAR15
	5.307
	1.44594
	0.758143
	19

	F4VAR16
	5.487
	1.40404
	0.783857
	9

	F4VAR27
	5.7434
	1.20103
	0.820486
	1

	F4VAR29
	5.3017
	1.36554
	0.757386
	20

	F4VAR20
	5.5304
	1.48278
	0.790057
	6

	F5VART2
	5.5847
	1.24259
	0.797814
	4

	F5VAR31
	5.359
	1.44712
	0.765571
	16

	F5VAR32
	5.4359
	1.50508
	0.776557
	11

	F5VAR33
	5.6154
	1.27202
	0.8022
	3


RII provides a standardized measure that allows for the direct comparison and ranking of factors, with higher RII values indicating greater perceived importance among respondents.
Step 6: Exploratory Factor Analysis:- Factor analysis is a statistical technique used to reduce a large set of variables into a smaller set of underlying factors (Hair et al., 2006). In this study, the factors were extracted using principal component analysis (PCA), and the Kaiser–Meyer–Olkin (KMO) measure was used to assess sampling adequacy. KMO values between 0.8 and 1.0 indicate adequate sampling, whereas values below 0.5 are considered unacceptable. A higher KMO value indicates stronger correlations among the variables. The KMO value for the sample of risk mitigation attributes was 0.874, while the chi-square value of Bartlett’s test of sphericity was 3053.646, with an associated significance level of p = 0.000. The significance level was less than 0.001, satisfying the requirement for factor analysis. Furthermore, factor loadings greater than 0.5 were acceptable (Hair et al., 2006).

Figure 2 below highlights four key findings, as described below:
1. Five risk mitigation dimensions were identified by using factor analysis. The identified dimensions include Pre-project Planning, Project Monitoring and Controlling, Project-related, Inter-partner relationship, and Project management skills.
2. Variance explained by each dimension, for instance, Variance explained by dimension one(Pre-project Planning is 18.26%). Similarly, five dimensions are explained in a similar manner 
3. Codes, for instance, code F2VAR28 indicates an adequate plan and specification in Table 1. Similarly, all codes below were explained in Table 1 in the above.
4. Factor loading values of each attribute, for instance, the factor loading value of F2VAR28 is 0.819. Similarly, all attributes are explained in the same manner, and finally, the total Variance explained by the five dimensions is 72.011%
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Figure 2:  Principal Components identified by Exploratory Factor Analysis


Factor1: Pre-project Planning
18.26%
F2VAR28
F2VAR60
F2VAR26
F2VAR70
F2VAR25
F2VAR24
F3VAR17
F3VAR14
F3VAR18
F4VAR16
F3VAR15
F3VAR13
F4VAR20
16.62%
Factor2: Project Monitoring and controlling
Dimensions 
Variance explained

Factor Loading
Variance explained



	  0.819
	   0.817
                                                                                                                    0.742	   
	        0.723
	         0.707
	   0.651






                                             0.807
	   0.772
	   0.770
	   0.754
			                                                                     0.743
			                                                                     0.708
	                                                                                                   0.538
	
		
	


	                                                                                   0.846
		 0.810	
	 0.643
	 0.634
	 0.587

      		       0.694
		      0.685
	   	      0.628
	      0.625
	      0.587
	      0.582
	      0.560

				
				
					    0.794
						 0.593	
					 0.573
								    0.564

4. Results and Discussion 
The literature review was conducted as the first step in the study process to identify attributes for the public construction project. 29 attributes identified from the literature and a pilot survey were discussed in step 1. The relative importance index is employed in this study to determine the relative significance of various attributes influencing public construction projects. Based on the computed RII values, the top five attributes identified are as follows: on-time decision-making; ensuring construction teams have the necessary qualifications, abilities, and experience; solving disputes efficiently; transparent procurement and a competitive tendering process; and Audit norms, as explained in step 5. Based on factor analysis results, the names assigned to the dimensions in Figure 2 are discussed in the following paragraphs.
Factor 1: Pre-project Planning:- This dimension  contains six attributes, accounting for 18.26% of the total variance. The attributes within this factor primarily indicate adequate planning and specifications, a detailed feasibility study before starting the project, Stakeholder engagement in projects, defining clear responsibilities in the contract, and allocating contingency for uncertainties. These attributes are used to minimize risk in construction projects. 
Factor 2: Project Monitoring and Controlling:- This dimension  comprises seven aspects, accounting for 16.62% of the total variance. Each attributes concerns characteristics of the project, including visiting the site regularly; regular quality control and quality assurance activities; adequate communication among all project participants; regular monitoring and feedback by top management; a clear reporting system; and Regular project updates. The explained attributes were used to minimize risk in construction projects. 
Factor3: Project-related factors:-This dimension  comprises five attributes, accounting for 13.75% of the total variance. As illustrated in Figure 2, the attributes in the group include transparent procurement and a competitive tendering process, ensuring construction teams have the necessary qualifications, abilities, and experience; audit norms; availability of resources; and Timely land acquisition and appropriate compensation. Integrating all the explained attributes into public construction helps minimize risks. 
Factor 4: Inter-partner relationship:-This dimension associated with seven attributes: good coordination among project participants, flow of information among parties, use of new technological approaches, Clients’ active enrollment and support, efficient dispute resolution, adequacy of planning and control techniques, and on-time decision-making. Accounting for 13.70% of the total variance, all attributes explained by this group are used to minimize risk in public construction projects. 
Factor5: Project management skills:-This dimension comprises four attributes, accounting for 9.67% of the total variance, as explained in Figure 2. The attributes in this factor include project manager competency, Commitment of all project participants, appropriate risk allocation and risk-sharing, and owners’ competency. All of these are important factors for minimizing risk in public construction projects.
 Overall Findings: From a governance perspective, there is a need for clear accountability, transparent decision-making, effective monitoring, and timely resolution of issues in construction projects. From a procurement point of view, ensuring transparent procurement and a competitive tendering process, improving the clarity of contractual requirements, and enhancing the efficiency of procurement processes. From a project-management perspective, project managers and other stakeholders should focus on timely decision-making, measuring project progress, project updating, effective communication, and systematic risk-response planning throughout the project life cycle. The overall finding provides a practical basis for Ethiopian public construction organizations to focus on high-priority risk mitigation measures and the five key dimensions of risk mitigation. This will improve risk management practices and project performance.
5. Conclusions
 Twenty-nine attributes were identified based on literature and a pilot survey. The relative importance index and factor analysis were employed in this study to determine the relative significance of various attributes influencing public construction project risk mitigation. Using the relative importance index the top five attributes identified were on-time decision-making, ensuring construction teams have the necessary qualifications, abilities, and experience, solving disputes efficiently, Transparent procurement and a competitive tendering process, and Audit norms and  five risk mitigation dimensions were identified by using factor analysis: Pre-project Planning, Project Monitoring and Controlling, Project-related factors, Inter-partner relationship, and Project management skills.
Limitations & Scope of Future Work: While this study suggests useful insights into risk mitigation measures influencing the implementation of public construction projects in Ethiopia, it is important to acknowledge its limitations. First, the study focuses on attribute identification, ranking, and factor analysis. The study is not focused on how risk mitigation measures influence various project performance criteria, including schedule, cost, quality, safety, and modeling development. Second, the five dimensions were identified through factor analysis. However, the identified dimensions were not validated using complementary validation techniques. Third, limited in geographical scope. Future research should therefore broaden the geographical scope and incorporate a more diverse range of stakeholder groups.
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