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Abstract

:

Safety is an essential success factor in construction projects. However, due to the complexity of construction projects, accidents typically occur randomly. Thus, efficient leadership based on a systematic approach is vital to reduce the possibility of accidents occurring. A combination of emotional, social, and cognitive competencies aligns with the Systems-Thinking concept. This concept enables safety leaders to influence their followers effectively. Systems-thinking-based leadership enables safety leaders to know how, when, and what leadership behaviors should be acquired and practiced. Therefore, it is essential to understand the interrelationships among those competencies. The main objective of this research study is to model the interpretive structure of critical Systems-Thinking-based leadership competencies as enablers to better construction safety performance. The Interpretive Structural Modeling (ISM) approach was followed to achieve the objective using safety experts’ opinion data collected via questionnaire. The questionnaire was designed using 14 Systems-Thinking-based leadership competencies to collect information on the direction of influence among the competencies. Results of the modeled interrelationships demonstrated that cognitive competencies are the preliminary building blocks to other social and emotional competencies enabling construction safety performance. The developed model provides a better understanding of how safety performance can be improved by building those competencies in construction personnel.
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1. Introduction


Safety plays an essential role in the success of construction projects. Many research studies have investigated this role and consider safety a success factor for construction projects [1,2,3,4]. Moreover, Maghsoodi [5] asserted this role by identifying safety as one of the top four construction project success factors. However, due to the complexity of construction projects, the safety process does not go smoothly since accidents typically occur randomly, although their causes can be anticipated [6]. This scenario is common in construction projects in many countries, including Saudi Arabia; thus, research efforts have been exerted in previous studies to understand safety better and mitigate accidents [7,8,9,10,11,12,13].



Generally, performance measures can be classified as reactive or proactive, and construction safety performance is no exception. Both measures are essential for safety leaders in any construction project [14]. Reactive safety measures, or traditional safety measures, are conducted by counting the number of safety incidents [15]. Compared to these traditional measures, proactive safety measures aim to prevent potential safety incidents before they occur and are conducted by assessing safety behaviors in construction worksites [16]. Thus, proactive measures have an increased role in enhancing safety performance [17,18,19]. Accordingly, many studies have investigated different aspects to understand how better safety performance could be achieved in terms of safety behavior. According to Alidrisi and Mohamed [20], the difficulty of managing safety at construction worksites results from the uniqueness of every construction project. Additionally, it is due to the many stakeholders involved in a project [21]. Leadership was an aspect investigated to lead or manage construction projects safely.



Although the literature on construction safety has investigated several leadership styles, there is little agreement on which leadership theory to endorse. While merging transformational and transactional styles was found effective by Flin and Yule [22], authentic leadership has also been recommended as a suitable style in the safety context [23]. Along the same lines, other theories have been recognized to influence safety performance as the leader-member exchange theory [24]. However, based on the mutual components across all leadership theories forming the basis for those styles, Northouse [25] defined leadership as “a process whereby an individual influences a group of individuals to achieve a common goal.” Thus, a free leadership style has been suggested to improve construction safety performance [26]. Such a style would allow the adoption of leadership behaviors that theories were built on rather than focusing on the theories themselves [27].



Leadership behavior plays a significant role—positive or negative—in many safety aspects. For instance, the safety climate is positively impacted by open communication and participation [28]. Moreover, safety culture is also affected by the leadership behaviors of visibility and coaching [29,30]. Lastly, in terms of safety behaviors, safety performance is also influenced by different leadership behaviors [31,32,33]. There are numerous leadership behaviors investigated in the safety context. O’Dea and Flin [26] classified them into four main categories: workforce involvement, relationship management visibility, leading by example, and proactive management. According to Alidrisi [19], this classification was also adopted to predict safety behaviors at construction worksites. Despite the practiced leadership behaviors, the leadership behavior that should be practiced depends on the nature of the task and its situation. Thus, safety leaders need to develop what has been known as “leadership competency” to understand and analyze situations.



Competency has been defined by Boyatzis [34] as “the underlying characteristics of a person that lead to or cause effective and outstanding performance.” The importance of this definition lies in its connection with job performance. Based on this definition, 14 competencies were identified and grouped into three main leadership competencies regarding an effective leader’s performance. These three competencies are named and defined by Boyatzis [35] as follows:




	
Emotional competency is “the ability to recognize, understand, and use emotional information about oneself that leads to or causes effective or superior performance”.



	
Social competency is “the ability to recognize, understand and use emotional information about others that leads to or causes effective or superior performance”.



	
Cognitive competency is “the ability to think [about] or analyze information and situations that leads to or causes effective or superior performance”.








A combination of these three leadership competencies has been tested in different contexts and has been found to influence job performance significantly [36,37,38]. For construction safety, such a combination aligns with the Systems-Thinking concept, providing a holistic view that ultimately enables safety leaders to influence their followers effectively [27].



Systems-Thinking provides an interdependent view of systems since it considers how any change to one system element could affect another [19,39]. This holistic view explains system elements’ different cause-and-effect relationship patterns [40]. Accordingly, it is not enough to consider safety leadership as just behaviors that safety leaders should practice, especially in the complex worksite environments inherent in construction projects [41]. Instead, leaders should know how, when, and what leadership behaviors should be practiced [42]. According to Alidrisi and Mohamed [27], this view can be achieved by combining the three leadership competencies (see Table 1). They define safety leadership as a system of influence processing where safety leaders lead this process to influence their followers in a specific environment to achieve their ultimate safety goal. In other words, leadership’s influencing process is a system that consists of three elements: leader, followers, and environment. As a result, they claim that emotional, social, and cognitive competencies allow leaders to learn how to influence, how followers are influenced, and how to utilize the environment for influencing, respectively. It is worth mentioning that the 14 competencies in Table 1 have been tested in different contexts, including construction safety [19,27,39,43,44].



Since viewing safety leadership as a system (including elements) and the three leadership competencies work as enablers for managing that system, it is meaningful to understand the interrelationships among those competencies to lead safety in construction projects. This understanding will assist in knowing how safety performance can improve by building those competencies. Although previous studies have studied leadership competencies in the context of safety performance, there is a perceived lack of interpretive structural models contextualizing the linkages among them or exploring their classifications and precedence levels. This is to explore the competencies pathways and their precedence critical to developing better leadership behaviors, ultimately enabling the proactive aspect of safety performance in preventing incidents before they occur. Therefore, the primary purpose of this research study is to model the interpretive structure of the critical Systems-Thinking-based leadership competencies as enablers to better construction safety performance.




2. Materials and Methods


To achieve the objective of this research study, the listed Systems-Thinking-based leadership competencies (C1–C14) in Table 1 were used to design the questionnaire as the tool for experts’ opinions data collection. The questionnaire is restricted to respondents classified as experts in safety and construction. Therefore, it starts with demographic information, including nationality, the highest level of education received, educational background/specialization, current occupation, occupational level as a construction safety expert, and years of experience in construction safety. Then, in a pairwise comparison fashion, the questionnaire asks the experts for their opinion on the direction of influence of each unique pair of the 14 competencies, forming 91 unique questions (i.e., 14!/(2! × 12!) = 91). As an ISM application requirement, experts were asked to decide the direction of influence between each pair of competencies (i.e., enablers of safety performance).



The question asked for each pair of competencies is: in the context of construction safety, what is the direction of influence between these competencies relative to each other? Accordingly, the experts’ opinions data were obtained, providing their insights and relevant analogies to feed into the modeling process and characterizing the contextual linkages between the competencies under study. All targeted respondents to the questionnaire are strictly connected to the fields of construction and safety. According to Janes [45], the number of people engaged in an ISM study who respond to questions using a computer should not exceed 8 due to quality limitations. Also, according to Ahmad and Qahmash [46], previous studies where ISM has been used usually engaged 2 to 120 decision makers (i.e., experts) with a median value of 11 experts. In this study, 14 experts were involved, which exceeds the median value of 11 experts in previous studies and is deemed suitable for the studied subject matter. The 14 engaged experts in this study were the industry’s specialized academicians and construction safety leaders with backgrounds and occupations in civil engineering, construction engineering and management, safety engineering and management, and construction project management. Table A1 in Appendix A lists information on the group of experts involved in this study.



Subsequently, the collected data of experts’ opinions were analyzed following the ISM technique. This was to model their in-between linkages determined by experts’ opinions. The developed model classified the studied competencies based on their dependence and driving powers as enablers of safety performance into four categories. These four categories were autonomous, dependent, linkage, and independent enablers. As the names of the categories indicate, the autonomous enablers, if they existed, indicate enablers that were disconnected or external to the system under study. In contrast, linkage enablers were the enablers that were sensitive and strongly connected to both the dependent and independent enablers, which had the highest dependence and driving powers in the system, respectively [46].



The ISM technique is a systematic application of Boolean mathematics and graph theory. It helps small groups of individuals (i.e., experts) better understand complex problems by constructing a directed and synthesized graph or network of elements and relationships among them [47]. According to [48,49], the ISM technique can deal with sets of interconnected elements, capture complexities, establish relationships among criteria, and capture the dynamic complexity of a problem under study. Therefore, it is considered suitable for achieving the purpose of this study. Several studies have previously used ISM techniques in various applications [49,50,51,52,53], to mention a few. According to [49,50,51,52,53,54], the application of the ISM technique can be summarized in seven steps, as shown in the research methodology flowchart illustrated in Figure 1.



The research methodology flowchart and seven ISM steps shown in Figure 1 were followed for the case of this research study. For the first step, the identified elements are the Systems-Thinking-based leadership competencies (C1–C14) presented in Table 1 to be investigated as enablers of safety performance. For the second step, the questionnaire was designed as a data collection tool of expert opinions on the contextual relationships among the competencies as described earlier. Following the rules presented in Table 2, the experts identified the contextual relationships by choosing only one of four relationship directions for each unique pair of enablers. Individual expert responses were tallied, and the direction of the relationship among each unique pair of competencies to enter the modeling process was determined based on the majority of experts’ opinions. In case of discrepancies between experts’ opinions on the modeled relationships based on the majority, the final model was checked for such inconsistencies. As shown in Figure 1, the modeling process, in this case, was repeated until they agreed on the developed model to be considered final.



These four relationship direction scenarios and their associated entry codes (Table 2) are as follows:




	
V: The first competency influences/enables/leads to the second competency (Ci→Cj);



	
A: The first competency is influenced/enabled/led to by the second competency (Ci←Cj);



	
X: Both competencies influence/enable/lead to each other (Ci↔Cj);



	
O: There is no influence/relationship between both competencies (Ci × Cj).








Subsequently, in the third step, using the identified pairwise contextual relationships by the above symbols, the Structural Self-Interaction Matrix (SSIM) is constructed based on the rules presented in Table 2. Next, the Initial Reachability Matrix (IRM) is formed in the fourth step using data entries of each pair of enablers in the SSIM. The replacement rules listed in Table 2 were used to create the IRM as follows:




	
For the first scenario, the (Ci,Cj) entry received a V relationship code in the SSIM, then the (Ci,Cj) entry in the IRM will be assigned a value of 1, and the (Cj,Ci) entry will be assigned a value of 0;



	
For the second scenario, the (Ci,Cj) entry received an A relationship code in the SSIM, then the (Ci,Cj) entry in the IRM will be assigned a value of 0, and the (Cj,Ci) entry will be assigned a value of 1;



	
For the third scenario, the (Ci,Cj) entry received an X relationship code in the SSIM, then the (Ci,Cj) entry in the IRM will be assigned a value of 1, and the (Cj,Ci) entry will be assigned a value of 1;



	
For the fourth scenario, the (Ci,Cj) entry received an O relationship code in the SSIM, then the (Ci,Cj) entry in the IRM will be assigned a value of 0, and the (Cj,Ci) entry will be assigned a value of 0.








Next, in the fifth step, the transitivity between pairs of enablers in the IRM was tested to form the Final Reachability Matrix (FRM). Checking for transitivity implies testing for indirect relationships between enablers. For instance, if a first competency enabled a second competency (α→β), and the second competency enabled a third competency (β→γ), then necessarily, the first competency enabled the third one (α→γ). Therefore, all the 0 and 1 entries were tested based on Warshall’s algorithm [55], and the entry (1*) was used to indicate indirect transitive relationships between enablers in the FRM. Then, levels of all enablers were assigned iteratively through a Partition Matrix (PM) for each iteration. Accordingly, in the sixth step, using Cross-Impact Matrix Multiplication Applied to Classification (MICMAC) [56], the studied competencies were classified based on their dependence and driving powers as enablers of safety performance into four categories: autonomous, dependent, linkage, and independent enablers. Based on the classification, a quadrant graph was charted to visualize the enablers better. Finally, in the seventh step, the enablers’ final ISM diagraph or network was structured based on the FRM and the PM and the resulting priorities and identified the number of enabler levels. Moreover, as mentioned earlier and shown in Figure 1, the developed model is checked for its contextual consistency by the experts to be considered final. In the subsequent sections, the application of the ISM technique, its results, and a discussion of the findings will be provided.




3. Results


The study’s objective was attained using the materials and methods in the previous section and the flowchart in Figure 1. The set of critical Systems-Thinking-based leadership competencies listed in Table 1 was used to be explored as enablers to better construction safety performance. Then, relationships connecting the studied competencies in the context of construction safety were identified using the collected data from experts in the field, who determined the direction of the relationship between each of the 91 competency pairs. These relationship directions were used to form the SSIM following the rules presented in Table 2 and using the described entry codes V, A, X, and O to represent each of the four direction scenarios. The resulting SSIM is presented in Table 3.



Subsequently, the developed SSIM in Table 3 is used to form the IRM following the rules presented in Table 2, where each of the SSIM’s entry codes is converted to its associated 0/1 entries to have a complete representation of the identified directions in the 14 × 14 matrix format. This full representation allowed for computing each competency’s driving and dependence powers by summing its associated row and column, respectively. The resulting IRM is presented in Table 4.



IRM results show that the competencies (C13: Interaction Recognition) and (C14: Pattern Recognition) received the highest enablers driving powers with rows sum values of 14. This is followed by the competencies (C1: Emotional Self-Awareness), (C4: Emotional Self Control), (C6: Empathy), and (C7: Organizational Awareness) with rows sum values of 10. Next are the competencies (C3: Adaptability), (C5: Positive Outlook), (C8: Conflict Management), (C10: Influence), and (C12: Teamwork) with rows sum values of 7. Finally, the competencies (C11: Inspirational Leadership), (C9: Coach and Mentor), and (C2: Achievement Orientation) demonstrate the lowest enablers driving powers with rows sum values of 3, 2, and 1, respectively.



In contrast, IRM results also show that the competency (C2: Achievement Orientation) demonstrates the highest dependence power with a column sum value of 14. Followed by the competencies (C3: Adaptability), (C5: Positive Outlook), (C10: Influence), and (C12: Teamwork) with columns sum values of 11. Next, the competencies (C8: Conflict Management) and (C11: Inspirational Leadership) with columns sum values of 10 and 8, respectively. Subsequently, (C1: Emotional Self-Awareness), (C4: Emotional Self Control), (C6: Empathy), and (C7: Organizational Awareness) with columns sum values of six. They are followed by the competency (C9: Coach and Mentor) with a column sum value of five. Finally, the competencies (C13: Interaction Recognition) and (C14: Pattern Recognition) demonstrate the lowest enablers dependence powers with columns sum values of two.



The developed IRM in Table 4 presents direct relationships among pairs of competencies. Therefore, as described in the methodology section, transitive relationships were checked and indicated by (1*) to form the FRM. The resulting FRM is presented in Table 5.



FRM results show that the driving powers of the competencies (C1: Emotional Self-Awareness), (C4: Emotional Self Control), (C6: Empathy), and (C7: Organizational Awareness) as enablers have increased to rows sum values of 12 after considering transitive relationships. Furthermore, the competencies (C3: Adaptability), (C5: Positive Outlook), (C8: Conflict Management), (C10: Influence), and (C12: Teamwork) have also increased to rows sum values of eight.



In contrast, FRM results show that the dependence powers of the competencies (C9: Coach and Mentor), (C11: Inspirational Leadership), and (C8: Conflict Management) have increased to columns sum values of 13, 12, and 11, respectively, after considering transitive relationships.



Following the development of the FRM, a PM was developed by determining the reachability and antecedent sets and finding the interaction set between them for each of the studied competencies. This was to inform about the levels of competencies in the interpretive structure model. Table 6 summarizes the developed PM, where the competencies are partitioned iteratively following a process of elimination until all competencies are exhausted. Results show that the 14 competencies (C1–C14) are partitioned into six Levels (I–VI) in six iterations (1–6). Results in Table 6 show that the competencies (C13: Interaction Recognition) and (C14: Pattern Recognition) are partitioned into Level VI, the structural model’s foundation. Followed by the competencies (C1: Emotional Self-Awareness), (C4: Emotional Self Control), (C6: Empathy), and (C7: Organizational Awareness) in Level V. Next are the competencies C3: Adaptability), (C5: Positive Outlook), (C8: Conflict Management), (C10: Influence), and (C12: Teamwork) in Level IV. Finally, the competencies (C11: Inspirational Leadership), (C9: Coach and Mentor), and (C2: Achievement Orientation) in Levels III, II, and I, respectively, are at the top of the structure.



Furthermore, the resulting driving and dependence powers in the FRM were used in the MICMAC analysis to cluster the studied competencies. In a quadrant chart format, the dependence power column sums represent the x-coordinates, and the driving power row sums represent the y-coordinates; the competencies were clustered into four categories of enablers. As demonstrated in Figure 2, in the first category, the competencies (C13: Interaction Recognition), (C14: Pattern Recognition), (C1: Emotional Self-Awareness), (C4: Emotional Self Control), (C6: Empathy), and (C7: Organizational Awareness) are clustered as independent enablers or drivers. In the second category, the competencies (C3: Adaptability), (C5: Positive Outlook), (C8: Conflict Management), (C10: Influence), and (C12: Teamwork) are clustered as linkage enablers. In the third category, the competencies (C11: Inspirational Leadership), (C9: Coach and Mentor), and (C2: Achievement Orientation) are clustered as dependent enablers. Finally, in the fourth category, none of the competencies are clustered as autonomous enablers.



Finally, the partitioned six levels of competencies resulted from the PM in Table 6, their clustering into the four categories as enablers in Figure 2, and their dimensions as competencies in Table 1 were all used to develop the final structural model. Figure 3 illustrates the final ISM diagram of critical Systems-Thinking-based leadership competencies as enablers to better construction safety performance. A discussion of the resulting model is provided in the subsequent section.




4. Discussion


The current study aimed to enable safety leaders in construction projects to be more efficient in their leadership roles by modeling an interpretive structure of critical Systems-Thinking-based leadership competencies. Based on the result of driving and dependence powers for each leadership competency in Figure 2, all leadership competencies are classified into three categories; none belong to the autonomous category. This indicates that the studied competencies are crucial for safety leaders to improve safety performance efficiently. Figure 2 shows that cognitive competency for interaction recognition and pattern recognition has the highest driving and lowest dependence powers. This result indicates that safety leaders with a heightened ability to identify causal factors and assess situations (i.e., cognitive competencies) are most likely able to build other essential social and emotional leadership competencies. By contrast, the competency of achievement orientation has the lowest driving power and highest dependence power, indicating that the ability to seek excellent safety performance results from having other competencies.



Moreover, the final step in implementing the ISM model reveals different priority levels for building each leadership competency (see Figure 3). This result provides a clear path for safety leaders to help develop all necessary competencies to lead safety in construction projects efficiently. It also reveals that to seek excellent performance in safety matters (Level I), leaders should first have a set of leadership enablers (Level II and III). These enablers include being inspirational and promoting others’ long-term development through coaching and mentoring safety matters. Likewise, to do so, they should first have a set of effective engagement enablers (Level IV). These enablers can be shaped by building the abilities to be flexible with changes, seek opportunities, manage conflicts with diplomacy, positively affect others, and be a part of a team. Along the same lines, they should first have a set of self- and surrounding environmental-awareness enablers (Level V). These enablers include the ability to control and understand their own emotions and their effects, others’ emotions, and relationships within the organization. Finally, safety leaders can acquire all the enablers mentioned above more easily if they have cognitive enablers (Level VI), including recognizing factors that cause safety events and identifying patterns from different safety situations. To put it succinctly, safety leaders should improve the competencies with the powers that are most driving and least dependent (competencies of Level VI), enabling them to achieve the successive highest driving powers and less dependent powers of competencies (Level V). Similarly, the remaining competencies are built by prioritizing competency levels (see Figure 3). The upshot of all this is that these revealed levels of competency demonstrate how safety leaders can manage the influence process from the Systems-Thinking perspective of safety leadership, in which they learn how to influence others, how followers are influenced, and how to utilize the environment for influencing.



As mentioned earlier, leadership competencies are necessary triggers for better leadership behaviors and, in turn, safety behavior as proactive measures of safety performance. From this perspective, the developed model in this study draws the pathways to how safety construction leaders can build their leadership competencies in terms of precedence levels and classifications to develop and enhance their leadership behaviors. Such behaviors are workforce involvement, relationship management, visibility and leading by example, and proactive management. Developing those behaviors will enable construction safety leaders to enhance safety performance [57,58,59,60].



Finally, the results are consistent with previous research studies in different aspects. First, this research study asserted that the cognitive dimension of leadership competency is the baseline enabler for other leadership competencies. This finding aligns with existing literature on leadership. For instance, Alidrisi [19] concluded that cognitive competency predicts other emotional and social competencies. Second, having a mix of emotional and social competencies in the (Levels I–V) of the current model (Figure 3), or an inconsistent order of competency dimensions in those levels, also aligns with the nature of how these dimensions were initiated. According to Boyatzis [61], these were all classified as emotional competencies before some were later differentiated as social competencies. Contrary to Boyatzis’s study [61], Alidrisi [19] conducted his study in the same context as the current study, which is leadership in construction safety. However, Alidrisi [19] explored the mediation role of safety leadership between the Systems-Thinking-Based leadership competencies and safety performance without interpreting the contextual interconnections among them or exploring their classifications and levels.




5. Conclusions


This research study models the interpretive structure of the 14 critical Systems-Thinking-based leadership competencies as enablers to better construction safety performance. Construction safety experts contextualized the directions of relationships between the studied competencies, which were used as input to the modeling process using ISM. They also confirmed the studied competencies as critical enablers for safety leaders to better safety performance. Results of the study showed that cognitive competencies, including interaction and pattern recognition, are the preliminary building blocks to other social and emotional competencies enabling construction safety performance. The developed model also revealed the precedence of the competencies in six levels. After the cognitive competencies as enablers in the model’s foundation, self-awareness, emotional self-control, empathy, and organizational awareness competencies are all in the fifth level as self- and surrounding environmental-awareness enablers. The fourth level of the developed model comprises adaptivity, positive outlook, conflict management, influence, and teamwork competencies as enablers to dealing with others. The third and second levels include inspirational leadership, coaching, and mentoring as enablers for safety leaders to be role models and inspire others. All enable being achievement-oriented at the first level.



Those competencies are critical for better leadership behaviors and, in turn, safety behaviors as proactive measures of safety performance. The developed model provides a System-Thinking-based path for safety leaders to help build those competencies efficiently by understanding that their ability to seek excellent construction safety performance results from improving their cognitive competencies in terms of recognition and improving their social and emotional competencies in terms of awareness and the ability to leading by example and inspiring others to achieve the objectives. The practical implications of the developed model in this study include using the revealed competency pathways and their precedence levels and classifications as an efficient plan for developing proactive leadership behaviors, which in turn, enhances safety performance in preventing incidents in the construction industry before they occur. The theoretical implications of this research study include the modeling process, the developed model, and its revealed structure of contextualized critical Systems-Thinking-based competencies as enablers of better construction safety performance.



The developed model in this study represents the engaged experts’ perceptions of relationships between the enablers based on their experiences in the field. Therefore, despite confirming the results of previous studies, reconducting the study with other experts is a future research objective to validate the model further. Furthermore, construction safety performance is the focus of this study. However, studying other safety aspects, like safety climates in construction sites using the same or different approaches, is a research direction. Moreover, this study is concerned with the construction industry’s safety performance; thus, conducting the study in other industries with different natures might provide additional insights.
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Table A1. Construction safety experts’ profile.






Table A1. Construction safety experts’ profile.





	No.
	Nationality
	Qualification
	Occupation
	Level
	Background
	Experience *





	1
	Saudi
	Ph.D.
	Academic
	Professor
	Safety Engineering
	20+



	2
	Egyptian
	Ph.D.
	Academic
	Associate Professor
	Safety Engineering
	20+



	3
	Saudi
	Ph.D.
	Academic
	Professor
	Safety Engineering
	15–20



	4
	Saudi
	Ph.D.
	Academic
	Associate Professor
	Construction Safety
	15–20



	5
	Saudi
	Ph.D.
	Academic
	Assistant Professor
	Construction Safety
	10–15



	6
	Saudi
	Ph.D.
	General Director for Projects
	Top-level
	Civil Engineering
	10–15



	7
	Australian
	B.Sc.
	Safety Engineer
	Mid-level
	Engineering
	10–15



	8
	Saudi
	B.Sc.
	Construction Project Manager
	Mid-level
	Civil Engineering
	10–15



	9
	Saudi
	B.Sc.
	Senior Health & Safety Engineer
	Mid-level
	Civil Engineering
	10–15



	10
	Australian
	Ph.D.
	Engineer
	Mid-level
	Safety Management
	5–10



	11
	Saudi
	B.Sc.
	Senior Project Engineer
	Mid-level
	Civil Engineering
	5–10



	12
	Saudi
	B.Sc.
	Safety Specialist
	Mid-level
	Civil Engineering
	5–10



	13
	Saudi
	B.Sc.
	Construction Project Manager
	Mid-level
	Construction Management
	5–10



	14
	Australian
	B.Sc.
	Safety Engineer
	Entry-level
	Engineering
	1–4







* Years.
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Figure 1. Research methodology flowchart and seven steps of the Interpretive Structural Modeling (ISM) technique. 
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Figure 2. Cross-Impact Matrix Multiplication Applied to Classification (MICMAC) of critical Systems-Thinking-based leadership competencies as enablers to better construction safety performance. 
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Figure 3. Final Interpretive Structural Modeling (ISM) diagram of critical Systems-Thinking-based leadership competencies as enablers to better construction safety performance. 
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Table 1. Systems-Thinking-based leadership competencies, their pertaining descriptions, and dimensions.
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Ci,j

	
Competency *

	
Description *

	
Dimension *






	
C1

	
Emotional Self-Awareness

	
Understanding own emotions and their effects.

	
Emotional




	
C2

	
Achievement Orientation

	
Seeking excellent performance.




	
C3

	
Adaptability

	
Working flexibly and effectively with different people as well as within a variety of changing situations.




	
C4

	
Emotional Self Control

	
Keeping feelings and emotions under control.




	
C5

	
Positive Outlook

	
Seeking opportunities.




	
C6

	
Empathy

	
Understanding others.

	
Social




	
C7

	
Organizational Awareness

	
Understanding relationships within the organization or the group.




	
C8

	
Conflict Management

	
Handling individuals, groups, or situations with diplomacy.




	
C9

	
Coach and Mentor

	
Promoting others with long-term development.




	
C10

	
Influence

	
Having a positive effect on others.




	
C11

	
Inspirational Leadership

	
The ability to play a leader’s role.




	
C12

	
Teamwork

	
The ability to be a part of the group.




	
C13

	
Interaction Recognition

	
Identifying factors that impact events or situations.

	
Cognitive




	
C14

	
Pattern Recognition

	
Identifying patterns from random information or situations.








* Adopted from previous studies in the context of construction safety [19,27].
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Table 2. Rules of constructing the Structural Self-Interaction Matrix (SSIM) and the Initial Reachability Matrix (IRM).
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Scenario

	
Direction of Relationship

	
SSIM Entry Codes

	
IRM Entries




	
(Ci,Cj) *

	
(Ci,Cj) *

	
(Ci,Cj) *

	
(Cj,Ci) *






	
1

	
Ci→Cj

	
V

	
1

	
0




	
2

	
Ci←Cj

	
A

	
0

	
1




	
3

	
Ci↔Cj

	
X

	
1

	
1




	
4

	
Ci × Cj

	
O

	
0

	
0








* Indicates the pair of the ith and jth Systems-Thinking-based leadership competencies (Ci and Cj) in a row and a column of the associated matrix, respectively. Where, i and j: 1→14.
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Table 3. Structural Self-Interaction Matrix (SSIM) of critical Systems-Thinking-based leadership competencies as enablers to better construction safety performance.
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	Ci,j
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12
	C13
	C14





	C1
	
	V
	V
	X
	V
	X
	X
	V
	O
	V
	O
	V
	A
	A



	C2
	
	
	A
	A
	A
	A
	A
	A
	A
	A
	A
	A
	A
	A



	C3
	
	
	
	A
	X
	A
	A
	A
	V
	X
	V
	X
	A
	A



	C4
	
	
	
	
	V
	X
	X
	V
	O
	V
	O
	V
	A
	A



	C5
	
	
	
	
	
	A
	A
	X
	O
	X
	V
	X
	A
	A



	C6
	
	
	
	
	
	
	X
	V
	O
	V
	O
	V
	A
	A



	C7
	
	
	
	
	
	
	
	V
	O
	V
	O
	V
	A
	A



	C8
	
	
	
	
	
	
	
	
	O
	X
	V
	X
	A
	A



	C9
	
	
	
	
	
	
	
	
	
	O
	A
	O
	A
	A



	C10
	
	
	
	
	
	
	
	
	
	
	V
	X
	A
	A



	C11
	
	
	
	
	
	
	
	
	
	
	
	A
	A
	A



	C12
	
	
	
	
	
	
	
	
	
	
	
	
	A
	A



	C13
	
	
	
	
	
	
	
	
	
	
	
	
	
	X



	C14
	
	
	
	
	
	
	
	
	
	
	
	
	
	







Notes: C stands for critical Systems-Thinking-based leadership competencies, and subscripts indicate the competency number. The codes V, A, X, and O, represent the direction of relationships between pairs of competencies based on rules presented in Table 2.
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Table 4. Initial Reachability Matrix (IRM) of critical Systems-Thinking-based leadership competencies as enablers to better construction safety performance.
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	Ci,j
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12
	C13
	C14
	Driving Power





	C1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	1
	0
	0
	10



	C2
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1



	C3
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0
	7



	C4
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	1
	0
	0
	10



	C5
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	7



	C6
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	1
	0
	0
	10



	C7
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	1
	0
	0
	10



	C8
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	7



	C9
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	2



	C10
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	7



	C11
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	3



	C12
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	7



	C13
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	14



	C14
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	14



	Dependence Power
	6
	14
	11
	6
	11
	6
	6
	10
	5
	11
	8
	11
	2
	2
	







Notes: C stands for critical Systems-Thinking-based leadership competencies, and subscripts indicate the competency number. 0 and 1 entries are based on rules presented in Table 2.
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Table 5. Final Reachability Matrix (FRM) of critical Systems-Thinking-based leadership competencies as enablers to better construction safety performance.
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	Ci,j
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12
	C13
	C14
	Driving Power





	C1
	1
	1
	1
	1
	1
	1
	1
	1
	1*
	1
	1*
	1
	0
	0
	12



	C2
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1



	C3
	0
	1
	1
	0
	1
	0
	0
	1*
	1
	1
	1
	1
	0
	0
	8



	C4
	1
	1
	1
	1
	1
	1
	1
	1
	1*
	1
	1*
	1
	0
	0
	12



	C5
	0
	1
	1
	0
	1
	0
	0
	1
	1*
	1
	1
	1
	0
	0
	8



	C6
	1
	1
	1
	1
	1
	1
	1
	1
	1*
	1
	1*
	1
	0
	0
	12



	C7
	1
	1
	1
	1
	1
	1
	1
	1
	1*
	1
	1*
	1
	0
	0
	12



	C8
	0
	1
	1
	0
	1
	0
	0
	1
	1*
	1
	1
	1
	0
	0
	8



	C9
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	2



	C10
	0
	1
	1
	0
	1
	0
	0
	1
	1*
	1
	1
	1
	0
	0
	8



	C11
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	3



	C12
	0
	1
	1
	0
	1
	0
	0
	1
	1*
	1
	1
	1
	0
	0
	8



	C13
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	14



	C14
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	14



	Dependence Power
	6
	14
	11
	6
	11
	6
	6
	11
	13
	11
	12
	11
	2
	2
	







1* indicates a transitive relationship based on Warshall’s algorithm [55]. Note: C stands for critical Systems-Thinking-based leadership competencies, and subscripts indicate the competency number.
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Table 6. Summary of the Partitioning Matrix (PM) of critical Systems-Thinking-based leadership competencies as enablers to better construction safety performance.
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Iteration

	
Competencies

	
Reachability Set

	
Antecedent Set

	
Intersection Set

	
Level






	
1

	
C2

	
C2

	
C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11, C12, C13, C14

	
C2

	
I




	
2

	
C9

	
C9

	
C1, C3, C4, C5, C6, C7, C8, C9, C10, C11, C12, C13, C14

	
C9

	
II




	
3

	
C11

	
C11

	
C1, C3, C4, C5, C6, C7, C8, C10, C11, C12, C13, C14

	
C11

	
III




	
4

	
C3

	
C3, C5, C8, C10, C12

	
C1, C3, C4, C5, C6, C7, C8, C10, C12, C13, C14

	
C3, C5, C8, C10, C12

	
IV




	
C5

	
C3, C5, C8, C10, C12

	
C1, C3, C4, C5, C6, C7, C8, C10, C12, C13, C14

	
C3, C5, C8, C10, C12




	
C8

	
C3, C5, C8, C10, C12

	
C1, C3, C4, C5, C6, C7, C8, C10, C12, C13, C14

	
C3, C5, C8, C10, C12




	
C10

	
C3, C5, C8, C10, C12

	
C1, C3, C4, C5, C6, C7, C8, C10, C12, C13, C14

	
C3, C5, C8, C10, C12




	
C12

	
C3, C5, C8, C10, C12

	
C1, C3, C4, C5, C6, C7, C8, C10, C12, C13, C14

	
C3, C5, C8, C10, C12




	
5

	
C1

	
C1, C4, C6, C7

	
C1, C4, C6, C7, C13, C14

	
C1, C4, C6, C7

	
V




	
C4

	
C1, C4, C6, C7

	
C1, C4, C6, C7, C13, C14

	
C1, C4, C6, C7




	
C6

	
C1, C4, C6, C7

	
C1, C4, C6, C7, C13, C14

	
C1, C4, C6, C7




	
C7

	
C1, C4, C6, C7

	
C1, C4, C6, C7, C13, C14

	
C1, C4, C6, C7




	
6

	
C13

	
C13, C14

	
C13, C14

	
C13, C14

	
VI




	
C14

	
C13, C14

	
C13, C14

	
C13, C14








Note: C stands for critical Systems-Thinking-based leadership competencies, and subscripts indicate the competency number.
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