
The mediator role of safety communications, in describing the relationship between safety climate and safety performance in construction projects

Abstract
Previous studies acknowledge the relationship between safety climate and safety performance. Furthermore, some studies have uncovered the key role of safety communications in improving the safety results of construction sites. Some recent studies in the field of the safety climate have considered safety communications as a subset of safety climate. However, this assumption has led to the superficial examination of safety relationships and not careful investigation of the communication features (such as communication patterns, communication modes, and so on).
Understandably, this issue has distinguished this study from the other studies from the point of view of creating an innovation in the safety industry's literature. This paper investigates the role of the intermediary of safety communications in the relationship between safety climate and safety performance. To this end, the excavator crews of 36 deep excavation projects were examined; data analysis obtained from 251 questionnaires confirmed the above hypothesis. This study has theoretical and practical implications in safety management of construction projects that can be used by researchers and professionals. 
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Introduction
Given the mixed and multifaceted nature of construction industry, there are numerous types of incidents occurring every year in this economic field, which not only cause damages and mortal and financial losses, but also lead to a host of disadvantages to the project's targets and occurance of managerial and litigation problems. According to Bureau of Labour Statistic (BLS) in 2012, construction industry accounts for 16% of industrial incidents across the entire industry. Despite the common nature of risks in consruction industry worldwide, the amount of construction industry's casualties in developing countries is three times more than the developed countries. According to the global statistics and based on the scientific studies of the researchers, safety situation in the costruction industry has improved; however, it is yet not satisfactory and researchers in their investigations are looking for new and effective findings to contribute the safety performance of construction projects. Therefore, sophisticated research of safety issues in construction industry seems necessary in all countries, especially in developing countries. According to research done, one of the effective factors in improving the safety performance of projects is safety climate. Safety performance in a project represents the status of accidents, injuries, and casualties in that project. A positive safety climate is created when the manager, supervisor, and employees and their duties are organized so that the employees are encouraged to safely perform the assigned tasks. In research conducted on the impact of safety climate on safety performance of the project, various parameters such as management commitment to safety and workers’ involvement in safety issues and safety communications are considered as the constituent components of the safety climate and are used to measure safety climate in the projects. Although safety communications have been introduced in these studies as one of the constituent cpmponents of safety climate, other studies have emphasized the independent impact of safety communications on the safety performance of the project.  Safety communications are those communications which are running across a project in the form of speech or writing, regarding safety issues. Putting safety communications under the umbrella term of safety climate can obscure the impact of different communication practices and their impact on safety performance _ characteristics whose variation in size can dominate safety performance. The communication charactristics which have recently been considered by researchers in the field of safety management of construction projects have focused more on the frequency and repetition of communications and the type of communications in terms of formality and informality; in addition, it has analyzed the impact of safety communications among people who work in construction projects across the project in a network, considering structural analysis, and in particular social network analysis. Having this approach, deeper investigation of the role of different communication patterns and their impact on safety performance of the project are provided. The results of these studies confirm that safety communications have an independent impact on safety performance and have the potential to be considered as a separate construct. In this research, it is attempted to examine the role of safety communications in the relationship between safety climate and safety performance in excavation projects.
In the following, we firstly review the literature on safety climate, safety communications, and relationship between these two with safety performance; accordingly, we outline the role of safety communications in the relationship between safety climate and safety performance in the form of a conceptual model. Then, the research method used to examine this model is described and the results of the analysis are explained. Afterwards, we will discuss the results and the presented model. In the last part, after presenting the research findings, its limitations and suggestions for future research will be discussed. 

[bookmark: _GoBack]Literature Review
Sfatey climate 
Zohar (Zohar, 1980) firstly intorduced safety climate as a subset of organizational climate. As defined, safety climate refers to the common perception and understanding of the employees of an organization of the importance of safety in the perimeter of that organization. Safety climate can be considered as a guide for the employees, to choose a suitable and appropriate behaviour with the workplace. This common perception can be attributed to a variety of factors which have been considered in previous studies as the components of safety climate. Some of these components are: management commitment; supervisor commitment to safety; workers involvement; safety traininng; safety communications; and …. . A positive and constructive safety climate is created when proper interactions between the organization and the project team are organized in order to protect safety; in such a way that the organization prioritizes the safe execution of the projects, provide suitable and up to date personal protective equipment (PPE) to workers, and imagine a special place for safety in developing its organizational strategies. On the other hand, the project managers and supervisors can also improve the safety climate status of the project. To this end, they should feel responsible for the safety of their workers and support their health, provide appropriate training courses so that their work would be progressed, have constructive interactions with workers on safety issues (that these interactions can be found in the form of encouraging and promoting open source information about safety issues.), value safe working behaviors (for example, they can do so by rewrding the workers who are subject to safety regulations), and always honour the safe doing of the works, even if they lag behind the program. Workers can also create a positive safety climate in the project through following safety regulations, paying attention to safety signs, participating in training classes to enhance their safety knowledge, and, in general, contributing to safety activities.
The concept of safety climate was first applied in construction industry, in particular, by Dduplier and Blund. They used two factors of management commitment to safety and workers involvement to measure the safety climate. In spite of the efforts made to unify and provide common classifications of factors which can affect safety climate, a variety of factors have been used to measure safety climate in construction working-places. Table 1 reviews some of the factors of safety climate in a selection of safety climate related studies in construction industry. The growing number of published articles in recent years has shown the increasing attention of researchers to the role of safety climate in immunizing construction industry.
As shown in Table 1, the three components of management commitment to safety, safety rules and regulations, and supervisory role are, respectively, the most frequent components used to measure safety climate in the construction industry studies. The management commitment factor has been investigated in articles of safety climate literature under various headings, such as management values, management support, or commitment. Management commitment to employee safety means the responsibility of management for the health and safety of employees. This sense of responsibility assures executives, even in the cost of lagging from the program or incremental cross-sectional costs, to prioritize employee safety. Different studies have shown that management commitment and its involvement in the safety category are the most important factors in maintaining safety at a desirable level. Langfred et al. found that the workers' belief in supporting senior executives can lead to their greater motivation and co-operation in improving safety outcomes.
On the other hand, safety rules and safety regulations are the core elements of safety management system. The extent to which workers are aware of safety rules and regulations can affect the safety level of construction working-places. Hood said that safety-related issues could, in many cases, be linked to the lack of applicable safety guidelines or workers' non-compliance with existing laws. 
Supervisors also play a vital role in promoting the safety situation of the project. While managers are trying to create and implement safety plans, the real success comes when supervisors are able to ensure the implementation of safety plans during the day-to-day operations of the project. The daily feedbacks which supervisors give to workers is one of the biggest incentives for the safe working of the workers.
As can be seen in Table 1, the two factors of safety resources and safety priority have been the least frequent in the previous studies. Safety resources are the resources that are directly used to promote safety in the project. This factor can include providing new and suitable personal protective equipment or financial encouragement of workers' safe behaviors. In addition, safety priority indicates the importance and value that an organization, management, and employees care for safety compared to other parameters.
As you can see, safety communications have been used in a significant number of articles published in construction industry as one of the components of the safety climate _ with 13 replications.
Table 1: Various factors used to measure the safety climate in construction industry 
Safety communications
In a metaphorical definition, Axle compares communications to a tube that provides a platform for information transfer between individuals. Communications are the vital arteries of any system in which human beings are involved and without which no meaningful and coherent activity can come into being. The exchange and sharing of safety knowledge among people of a particular community with an approach to securing activities or gaining knowledge of the risks involved in the work are refered to as safety communications. Although there are several ways, such as interview, GIS-based electronic methods, and mobile technology to investigate communications, the most appropriate way to examine and measure communications is to use the social network analysis technique, which we will review in the upcoming sections. For example, some studies have used this technique in order to investigate and measure the relationships among individuals in the projects.
Studying the history of safety communications, it can be said that the most common classification of the various types of safety communications is to divide them into formal and informal groups. Formal communications refer to the exchange of information or the sharing of safety knowledge that are carried out through predefined channels. Formal communications include formal communication with upstream managers, formal written communications, formal safety training, and construction working-place meetings prior to the implementation of the work.
As mentioned in the previous section, senior manager’s support for safety and his commitment to workers safety are key components of employee injury prevention programs. Safety communications among managers and employees have been noted as one of the top 5 experiences of safety management in a large number of safety studies. A large number of researchers in their studies have shown that safety leaders must actively attend the safety planning meetings with an approach to transmission of the identified risks and priorities of the organization regarding the hired workers and describe the desirable safety expectations and behaviors. 
Formal written communications are those communications which include policies and procedures whose workers’ adherence are required to keep the work environment safe. A simple form of this type of safety communication is visible in the form of safety panels and signs in the construction working-place environments.
Safety training is another form of formal communication that increases safety awareness and accelerates the reactions required to deal with the dangers. These trainings can be inter-organizational or can be done by external resources.
Finally, training construction working-places as another form of communication methods provides the knowledge and skills that workers in construction industry need to effectively and efficiently address the dangers of construction sites. These construction working-places can have theoretical or practical aspects and are held as needed and at predetermined levels. Construction working-place meetings prior to the implementation of the work are safety-centered meetings that are held regularly and at a pre-run time prior to the implementation of specific activities in the project. The number of these meetings and their content vary depending on the organization type and the safety situation in the organization. Boud et al. believe that these meetings should be held before any new activity is undertaken in the project in order to gain a clear understanding of the analysis of work safety. 
Against formal communications, there are informal communications which involve the communications which may temporarily be formed among the members of a working group and have no systematic basis. Informal conversations, communications in the form of social networking and mentoring are among these communications. This kind of communication has a high potential for the transfer of the tacit knowledge which is created in projects. 
Informal talks include friendly relationships, mostly personal realtionships, among the members of a group that can be found in bilateral conversations or periodic conversations. According to the conducted resarch, about 70% of organizational communications have an informal context. Barling and Zacharosis have stated the sharing of information and communication as one of the 10 working experiences that have a direct impact on occupational safety. 
On the other hand, today, thanks to globalization and technology advancement, every day, we can see the emergence of new communication tools and paths which make communications easier and cheaper. Social networks play a crucial role in working relationships, because they have the potential to share audiovisual and multimedia resources. Today, many workers are connected to each other through this platform because they have access to a variety of social networks; in many projects, they use these networks to use these networks to exchange their information and safety experiences in non-working hours. Thus, workers, even when they are outside the construction site, are exposed to graphical safety guides and safety-centered training videos through social networks.
Mentoring is also one of the oldest communication methods which has long led to the transfer of profession and knowledge from one generation to the next, in many projects, and can be considered as a classroom. Learned the lesson. Although the best way to learn a special skill is to participate in technical training courses and study its method, in this type of communication, the student, while assisting the master, acquires empirically from him and learns corrective techniques. Experienced masters mainly assign a high priority on safety; that is why their assistants learn subconsciously and experimentally safe working from their masters. 
Vecchio conceive the three following features for effective safety communications: (1) transparent communications and open discussions, in which all people at any level can participate; (2) encouraging and supporting safe behaviors by providing feedback to the individuals; and (3) Implementing programs that have educational sides in the field of safety. Since most workers in construction industry, as compared to other industries, lack academic education and even literacy, educational programs, provided that they are prepared and implemented in the form of educational films, can be more effectve and give a more different and wider perspective of the work ahead and its risks. In addition, safety regulations and policies of the organization safety are largely beyond the level of thought and understanding of the workers, thus, the existence of safety communications among workers, supervisors and project manager is essential to let workers understand the safety policies and procedures.  Understanding the safety policies and procedures by workers is necessary to work safely and, in other words, improve their safety performance. Given the high potential of national and cultural diversity among the working group idividuals, the existence of safety communications in spoken, written, and visual formats is necessary to overcome communication barriers because the inefficiencies of traditional communication practices have been proven in such enviornments. 

Safety climate and safety performance
Donald Canter, in his research in the UK, measured the employees’ perspective on safety in more than 40 construction companies and found that the perspective on safety can be considered as a valid and reliable parameter to predict safety outcomes in construction projects. They also referred to safety climate as an effective organizational concept for reducing risks and accidents. In fact, they found out that safety climate can predict safety performance. 
Hofmann and Stetzer (1996) examined 21 working groups in a chemical processing plant and found that unfavorable safety climate and unsafe work behaviors are significantly associated with the occurrence of accidents. They believed that safety climate is usually an antecedent to safety performance of the system and is influenced by factors such as the workload and interactive experiences, which are, in fact, constituents of safety climate. In other words, where we have a positive safety climate, there is very little chance that workers are involved in insecure activities. They also found that the effect of safety climate on safety performance can be different depending on the type of work and work environment. 
In another study, Neal and Griffin provided a comprehensive conceptual framework of the antecedent and consequent variables of safety climate. They understood that safety climate could be an indicator of safety knowledge and safety motivation. Safety knowledge is needed to understand the most appropriate way to behave safely, while safety motivation expresses the degree to which individuals tend to develop safe behaviors. They showed that safety climate is associated with safety performance through safety knowledge and safety motivation. 
In their studies, Siu et al. examined the effect of Chinese workers' age on their perspective to safety and safety performance. They noticed that workers of higher age had a more positive perspective to safety and their perspective could predict their safety performance. Researchers in the recent investigations have found that despite the cultural differences in different countries, there is a direct relationship between safety climate and safety performance. 
According to a studies published on safety climate, Zohar holds that it is now time to identify the antecedents, moderators, and mediators which affect the safety climate (Zohar, 2010). Although today there is no doubt that there is a relationship between safety climate and safety performance, the role of safety climate on safety performance is still in the midst of ambiguity from the point whether safety climate influences on safety performance as a distal or proximal construct. For example, Nahrgang et al. claimed that the safety climate was a proximal variable and interpreted it as a kind of the essentials and resources that could affect the safety performance. In contrast, Neal and Griffin confessed safety climate is a distal variable that affects safety performance through other constructs. Similarly, Christine et al. acknowledged that safety climate was a situational factor that became apparent through tools such as communications at work, thus it affects safety performance as a distal variable. 

Safety communications and safety performance
Many researchers know the flow of safety information exchange (safety communications) necessary for an efficient safety management system. Some other studies also suggest continuous safety communications among workers to improve safety performance. Reviewing the previous studies, it is undeniable that the distinction between companies with a favorable safety situation, compared with other companies, is the quality of safety communications at their various levels. The impact of safety communications on safety performance in construction industry has been explored in four studies directly. Savacha et al. considered the intra-organization and intra-construction sites safety communications essential as a tool for reviewing safety training and updating related health and safety issues, which ultimately lead to better safety performance of the organization. Al-Samandani et al. found that safety communications among all project partners are essential to achieve optimal safety performance. They used the social network analysis technique to examine the communications among excavator crews. They found that the distinction between high-performance excavator crews and other excavator crews is the type and frequency of communications between the members. Finally, they acknowledged that safe excavator crews have four main attributes, all of which signify the importance of the quantiy and quality of safety communications among the members of each of the excavator crews: (1) formal safety communications with at least once a week management ; (2) having weekly informal safety communications with each other; (3) enjoying formal safety training; and (4) using different communication practices during a month, such as training working-places, working-place meetings, social networks and ... Along the same llines, in another study, in 2013 Al-Samandani intending to study the safety situation of Spanish-language construction workers who worked in the United States, the role of safety communications in working environments with high cultural diversity was examined. The result of the analysis of communication patterns network existing between different excavator crews - using the social network analysis technique - was that the safe operation of working groups who have a common language (English or Spanish only) is 50% better than bilingual working groups (both English and Spanish), due to the lack of language barriers to establish safety communications. Furtheremore, the safety performance of bilingual excavator crews, with a limited number of members who master both English and Spanish, was better than those who groups that did not have bilingual speakers, because these members played a role in filling the gap between the two groups. These individuals made their colleagues aware of the safety guidelines and recommendations through communicating with them. 
In another study, Zhou et al. found that using systems which can continuously facilitate communications, decision-makings and actions can lead to improved safety performance. In their study, they sought to create a cloud-based information and communication system in order to improve the safety performance of infrastructure projects. They tested this system in a road construction project and found that this information and communication system could be a powerful tool for enhancing safety performance. 
Alison and Kaminsky, in another study, examined safety communications in mixed construction excavator crews (gender-based), using social network analysis technique. They found that the theory of hemophilia is correct for mixed working groups. In mixed groups, women, compared to men, receive less communications and have less in-closeness. In addition, they found that mixed excavator crews had less formal communication network densities and more informal communication network densities compred to single-sex excavator crews. They claimed that the tacit knowledge of women about work and its risks is generally less than that of men, therefore the safety performance of mixed groups might be diferent, compared to homophilic (single-sex) groups. 
In addition, in other studies, open and frequent safety communication among the employees and supervisors has been highlighted as the distinguishing feature of organizations with low incident rate and organizations with high accident rate. Some researchers agree that the most successful supervisors are those who are willing to launch open discussions about safety issues among the workers of different professions in constrcton industry and advise on safety recommendations when needed. For example, Smith et al. revealed that supervisors can significantly increase the safety operation of the project through providing continuous language feedback and a supportive approach to safe behaviors. The speed of communication can also be an influential factor, as some studies have shown that rapid safety communication can enhance safety performance through studying accidents and risk management. 
The impact of qualified and frequent safety communications on improving the safety situation of the project has been proven, because in projects with effective safety communications, people carefully manage their behaviors for greater safety which can be regarded as a preventative factor in the occurrence of accidents. Similarly, in other research, researchers found out that strong safety communication is a key and influential factor in quality management and error reduction. In the same line, continuous and efficient safety communications are becoming a very important factor in US projects, because the projects of this country are a combination of Spanish-speaking and English-speaking speakers due to the cultural and linguistic integration. According to the US Department of Labor report in 2008, the communication barriers have increased the incidences which are associated with inefficient safety communications. This predictable process confirms the growing importance of measuring and monitoring safety communications.

Safety communications, safety climate, and safety performance
On the one hand, the positive safety climate, which is the fruit of a commitment and non-punitive management approach to safety, creates and promotes open-source information exchange on safety issues; on the other hand, in a negative safety climate, workers are cautiously comment on safety related issues because they are afraid of the blame, punishment, or reprimand of their upstream managers. In such a situation, workers seek their supervisor’s satisfaction, which will result in a limited type of communication. This type of communication is well known as dfensive communication in the communications literature. Edmondson acknowledges that a positive safety climate can create an environment in which employees feel free to discuss about safety issues. Hofmann and Stetzer also know safety communications along with safety climate as two major organizational factors that are able to interpret the findings of the studies about the causes of construction events to create a learning system. In such a system, there is the ability to learn from the negative experiences of the past, so that the existence of strong and intermittent safety communications along with a positive safety climate allows you to learn from past events and avoid repeating them. Hofmann and Stetzer's research was conducted with the assumption that safety climate through safety communications can mediate the relationship between the clues that came from past events and ascribing these clues to future events.
Neal et al., On the other hand, pointed out that many of the studies conducted until 2000 showed a positive relationship between safety climate and safety performance. In their study, it was assumed that the relationship between safety climate and safety system is partially mediated by people's safety behaviors. Neal and Griffin demonstrated that safety climate and safety performance are interconnected by safety behaviors. Other research also showed that factors such as safety knowledge and safety motivation have a mediator role in the relationship between safety climate and safety performance.
Kath et al. (2010) in a study in the United States used safety climate factors to predict communication patterns among the project members in order to affect the speed of interactions and improve project performance by preparing the platform for these relationships.
In another study, Albert and Hallowell understood that accurate identification of hazards and the establishment of safety communications in order to communicate known hazards is necessary to prevent future accidents and injuries, because as long as the hazards in the working-places are not identified, the risk of occupational accidents and injuries increases. They acknowledged that ineffective communication channels, linguistic differences, and poor safety climate were among the issues of safety communication at construction sites. Using social network analysis technique, they examined the relationship between safety communication and hazard identification function and found out that more risks can be identified by the group if the density of the safety communication network is great and that supervisors have a more highlighted role in in the groups that can identify more risks. 
In aacordance with what has been said, it has been observed that, on the one hand, safety climate is significantly associated with the safe behavior of the workers, and on the other hand, safety communications have a strong relationship with employees’ safety behavior. Considering this, the result of Neal and Griffin's research, which unraveled the mediator role of safety behavior in the relationship between safety climate and safety performance, and the reasons given above, it seems that safety communications play a similar role in  the relationship between safety climate and safety performance. Because safety climate itself comprises some factors, the mediator role of safety communications must also be evident in the factors that represent the safety climate. In this study, we used the two factors of management commitment to safety and workers involvement in safety issues in order to invstigate the overall safety climate of construction projects. Therefore, the hypotheses of this research are as follows:
Figure 1: Mediation model of safety communications in the relationship between safety climate and safety performance  

Hypothesis 1: In the relationship between safety climate and safety performance, safety communications play a mediator role.
Hypothesis 2: In the relationship between management commitment to safety and safety performance of the project, safety communications play a mediator role.
Hypothesis 3: In the relationship between workers involvement in the safety issues and safety performance of a project, safety communications play a mediator role. 

Social network analysis 
The social network analysis concept, briefly referred to as SNA, was first developed by Jacob Moreno in order to study social interactions among different groups. Moreno (1960) introduced SNA as a quantitative analytical method used to study the exchange of resources between different groups and parties. Haythornthwaite introduce SNA as an analytical approach and a set of techniques that are suitable for studying the exchange of resources among different stakeholders. According to Isley and Kleinberg, SNA is an effective way of analyzing social interactions among individuals and organizations that can be used to find the basic mechanisms and dynamics that make such connections in complex systems possible. SNA also provides the possibility of analyzing the structure of communication patterns that is usually hidden in other research methods. The meaningful and accurate visualization of a network depends on the basic mathematical analysis and the methods used in the data gathering stage. If valid and reliable data are provided along with accurate and appropriate mathematical models, this analytical method can generate various metrics that can be studied as the indicators of a network performance. SNA is an accepted analytical method that is increasingly being used. The social network theory has been used in many areas, such as sociology, humanities, economics, biology, and telecommunications and can be developed to all social sciences.
This technique has been entered in to the construction industry since 1997 through research. Due to the social-type nature of construction projects, especially massive construction projects, the cause of fundamental changes and displacement towards network research methods is justifiable in project management studies. According to a study by Zheng et al. conducted between 1997 to 2015, research about the performance of construction projects and the interactions between working groups or partner organizations have the highest SNA usage in construction industry with the publication of 13 articles. For example, Wehbe et al. (2016) evaluated the safe performance of construction projects using networking interactions around safety issues and system resilience to common risks. They used SNA to analyze the interactions around safety issues and used SNA metrics such as betweenness, closeness, average path length, modularity visibility, and network density that represent indicators of the safety performance of the project and project resilience to the occurance of incidents. In another study, Albert and Hallowell used the network density index to measure safety communications and the two centrality betweenness and centrality degress to examine the relationship between safety communications and the identification of work-related hazards by excavator crews in the construction industry. Allison and Kaminsky also used some of the metrics of this technique, including the network density and nodes centrality, to investigate the safety situation of women in the United States construction excavator crews.
As noted above, the social network analysis technique has a variety of metrics, each of which can, in certain circumstances, have a different description of the communication network among the working groups. In the present study, we used the network density metric to measure the safety relationships among working groups. We will introduce these in the follwoing. 

Network density
Ddensity is defined as the number of edges in a network to the number of possible edges. This parameter has a value between zero and one; the network edges can indicate the exchange of anything between the nodes. The network density represents the interaction rate of the members of a network with each other; accordingly, this metric is used to measure the safety communications. The network density is obtained by relation (1).
In the above relation, L represents the number of connections in the network, and n represents the number of nodes in the network

Method
Research data
Since constrction industry is widespread throughout the world, it creates many job opportunities for unlearned or illiterate people of a society. That is why, many people are involved in this industry. On the one hand, occupational accidents statistics in developing countries is about three times as high as developed countries. This denotes the high rates of accidents and injuries in these countries. Therefore, it is necessary to address safety issues in construction industry in developing countries. On the other hand, according to the statistics released by the Labor Inspection Agency of Iran in 2014, more than 20% of work accidents in the construction industry take place in the excavation projects; in comparison with its short period, this number of accident is very high; this indicates the critical situation of safety at the excavation projects and the need for serious attention in this area. The high accident rates on the one hand and the high diversity of incidents and possible risks in excavation on the other hand led the research team to study the safety situation of excavation stage in construction projects. In the statistics released by the Labor Inspection, Khorasan province is the second most promising province after the capital of Iran; as a result, workers of construction projects in Mashhad (as the capital of Khorasan province) were selected as respondents. The statistical sample of this research includes 36 deep excavation projects of Mashhad. The projects selected for this study were firstly more than 6 meters in depth and considered as deep pits; secondly, they had at least a percentage of 70% excavation. Table 2 shows some of the features of the selected projects. Concerning the definition of safety climate as the common perception and understanding of the project workers regarding the importance of safety in the workplace, the workers employed at the excavation site were selected as respondents to the questions. The questionnaire was distributed among people who (1) all worked for a foreman; (2) had previously worked with their cohorts in at least two previous projects (thus, they knew each other sufficiently and in effect could not bring up this excuse for not establishing any communication with each other; (3) They worked together more than half the duration of the project (they were familiar with the working conditions of the project and their perspective on safety situation of the project was well formed); (4) their workplace was in such a way that establishing a variety of communications could be possible (in some excavation projects, usually due to the level differences in the location or other barriers, personnel can only establish a limited range of communications such as wireless communications). After applying these restrictions, a total of 259 workers and foremen working in these 36 projects formed the community of the respondents of this study. The sociological information of the respondents is presented in Table 3. 

Instruments
Since the purpose of this study is measuring safety climate, safety communications, and safety performance in construction projects and determining the role of safety communications as a separate construct in the relationship between safety climate and safety performance, the three constructs of safety climate, safety performance, and safety communications should be measured. To this end, separate questionnaires were used. 

1. Measuring safety climate
To measure the safety climate, a Seven-Point Likert-Type closed questionnaire arranged from 1 (very low) to 7 (very high) was used. The questionnaire was distributed among the workers and foremen of the excavator crews. To design the questionnaire, we used the questionnaire used by Dedabelier and Blund. As shown in Appendix 1, the designed questionnaire consists of 11 questions that is categorized into two groups of management commitment and workers involvement. Seven questions of the questionnaire were used to measure management commitment and four to evaluate workers involvement.  
To examine the content validity of the questionnaire, the views of several experts and those who are involved in safety issues of construction industry regarding the comprehensibility of the items of the questionnaire were gathered and the necessary items were corrected. The amount of α Cronbach was generally 0.79 for the safety climate and 0.72 and 0.77 for the sub-factors of management commitment and workers involvement which are within acceptable limits. Sample adequacy index of KMO in this research is equivalent to 0.82 which is considered to be excellent and the result of Bartlett test (P <0.01) indicates the full significance of the relationships in the factor analysis and the internal consistency of the questionnaire. 

2. Measuring safety communications
To record and measure safety communications, a similar questionnaire was used. In this questionnaire, the frequency of communications, the type of communications, and their examples are presented. The types of communications available, as described in the review of safety communications, are the two formal communications and informal communications.  Formal communications include communications with upstream managers, written communications (in the form of written notices), safety training, and construction working-place meetings prior to the implementation of the work; informal communications include informal conversations, communications in the form of social networking, and mentoring. In this questionnaire, the frequency of communications between the individuals could be one of these cases: "more than once a day," “once a day," "once a week," "every two weeks," or "every month less than once”.

Safety performance
To calculate the safety performance of construction projects, we used Recordable Incident Rate (RIR) index. To this end, the three parameters of the total number of workers in the construction working-place during the excavation stage, the time span of excavation, and the number of incidents occurring in the excavation stage are required, all of which obtained by conducting closed interviews with the project managers or the supervisors of the construction working-place and by filling the relevant standard form by the researcher; RIR rate was calculated for 36 projects. This index is calculated for each project by relation (3). 

Procedure 
The method used to conduct this research is a survey type. Survey research method is one of the most widely used methods in management research. To collect the data on safety climate and safety communications, after consulting with the project managers and contractors, the researcher was introduced to the foremen of the excavator crews of the various projects. In each project, the relevant foreman collected all his workers and introduced the researcher to them. After giving explanations by the researcher, the questionnaires were distributed and after the respondents answered, they were collected. The average time needed to answer the questionnaire was about 25 minutes. In general, 259 questionnaires were distributed and the same number was returned by respondents. After collecting the safety climate and safety communications questionnaires, the researcher conducted project interviews with project managers and supervisors of the construction working-place (in case of absence of the project manager on the day of the meeting) about 45 minutes of interviews and the information about the number of workers in the working-place during the excavation stage, the number of accidents, and the time span for excavation were asked; the responses were recorded by the researcher in the OSHA Occasional Record Forms. 
Data analysis and results
To analyze the data about the safety communications and to obtain the communication density of the working groups, Gephi software was used and the communication patterns for the 36 excavator crews were drawn. Figures 3 to 6 depict the Sociogram of the four excavator crews as a sample. To analyze the data of the questionnaire and to evaluate the proposed model, IBMSPSS software version 24 was used.
In the first stage, all questionnaires were examined and prepared for analysis. At first, the responses were investigated to identify outliers. Outliers for a particular question are those responses which are very distracting from the other responses given to the same question. These distracting responses can cause deviations in the research model and in effect result in distortion of the results. There are various methods to identify outliers in a set of responses (such as histogram, Z-score test, box diagram, and stem and leaf plots). After encoding the responses, IBMSPSS 24 software was used to draw box plot. Data, whose distance from the median are more than 3 times the differences between the upper and lower quartiles, is indicated in the box plot with star sign (*); these data should be removed from the responses. Therefore, out of 259 received responses, 8 responses were excluded from the sample and 251 questionnaires were selected for analysis. Then, among 251 remaining samples from the previous stage, the responses were checked one by one to ensure that there is no missing value; no mising value was found in the responses. The size of the selected excavator groups varied from 5 to 11 people. 
Safety climate score in each project was calculated in terms of the average scores of the workers in that project. After identifying the score of the three variables of safety communications, safety climate, and safety performance for 36 projects, a correlation analysis was used for the the five variables, the results of which are presented in Table 4.
As shown in Table 4, there is a significant correlation between safety climate and safety performance. This suggests a relationship between safety climate and safety performance; this confirms the results of the previous research upon the literature review. In addition, it can be observed that the two factors of management commitment and workers involvement have a significant correlation with safety climate; this indicates the proportionality of these two factors for assessing the overall safety climate of the project. Table 4 shows that management commitment has a strong significant corelation with with safety performance. This issue has been widely acknowledged previously and the results of this study also confirm the importance of management commitment to safety in improving the safety performance of the construction projects. Workers involvement in safety issues also has a significant corelation with safety performance, but less powerful than management commitment; this result was also previously acknowledged in different studies. Furtheremore, as can be seen in Table 4, safety communications and safety performance also have a significant correlation with each other. Significant negative correlations between safety communications and recordable incident rates (RIRs) mean that safety performance can be improved by increasing safety communications, the result which is in accordance with the previous studies on the relationship between safety communications and safety performance. 

Intermediary of safety communications in the relationship between overall safety climate and safety performance
In the following, the mediator role of safety communications were examined in the relationship between safety climate and safety performance. To test a simple mediation model, the linear regression of the predictive variable and the mediator variable can be used with the dependent variable, and then compare the significant levels of the paths (Fig. 2). According to Baron & Kenny's mediation model (Baron & Kenny, 1986), in the relationship between safety climate and safety performance, safety communications can be simply a mediator if: 

1. Overall climate safety can significantly predict the safety performance (C is significant). The results of the analyses indicate that this condition is satisfied.
2. Overall safety climate can significantly predict the safety communications (A is significant). The results of the analyses indicate that this condition is satisfied.
3. Assuming the satisfaction of the above conditions, if the relationship between the overall safety climate and safety performance is not significant in the presence of safety communications, but the relationship between safety communications and safety performance is significant; safety communications play a complete mediator role in the relationship between overall safety climate and safety performance (B is significant, C 'is insignificant, and significance level of C is greater than C'). After running regression analysis, this condition was also observed. In the presence of safety communications and safety climate, the model is meaningful. The C' route loses its significant in the presence of safety communications. 

After conducting the above analyses, it was found that safety communications play a mediator role in the relationship between overall safety climate and safety performance.
As can be seen, the mediation model testing consists of three stages of linear regression. Another method of testing a mediation model is Sobel test. Although the accuracy of the Sobel test is higher than the Baron and Kenny’s, it has a lower statistical power. Therefore, in order to have sufficient power to detect the mediatory effect in a relationship, there is a need for a large sample size. The reason for this is the assumption of the normal distribution of data in this test; if the distribution of data is abnormal or skewed, this method will be unreliable. McKinnon et al. proposed the sample size required to detect small effects 1,000, to detect average effects 100, and to detect large effects 50. The Bootstrap test also added some benefits to Sobel test, the main of which an increase in statistical power can be enumerated. Bootstrap test was constructed by Preacher and Hayes. This method is becoming one of the most popular test methods for mediation models, since it can effectively use fewer samples (at least 25 samples) and does not have the assumption of normal distribution of the data. Since the unit of analysis of this research is project and since the number of statistical samples in this study are 36 samples that are not suitable for running Soubel test, we used bootstrap test instead of Sobel test. This test randomly sample with replacement and test the model based on based on an arbitrary number that is usually recommended to 5000. This test is available in the 24th edition of IBM SPSS software. After running the bootstrap test, the level of significance of the relationship between safety climate and safety performance was increased from P = 0 to P = 0.06, which means that it has lost its significance in the presence of the safety communications construct. In other words, the complete mediator role of safety communications is proven. In addition, the PROCESS plugin, written by Hayes (2012) contains test algorithms for a variety of mediation models; the results of this test also confirmed the results of Baron and Kenny’s test.

The mediator role of safety communications in the relationship between management commitment and safety performance
As shown in Table 1, management commitment is one of the most important factors for measuring the safety climate in the safety research of construction industry. It was observed that safety communications fully intermediated the relationship between the overall safety climate and safety performance. The management commitment to safety is linked to safety performance. That is why, 
Langford and his colleagues hold that when the workers believe that the manager cares about the safety of the workers, they make every of their efforts to improve the safety results, and cooperate with others well. Knowing the relationship between management commitment to safety and safety performance, on the one hand, and the high correlation of management commitment with overall safety climate, and on the other hand, we test the second hypothesis of the study in this section. Thus, we take the steps of Baron and Kenny model again:
1. Management commitment can predict safety performance significantly (C is significant). The results of the analyses indicate that this condition is satisfied.
2. Management commitment can significantly predict safety communications (A is significant). The results of the analyses indicate that this condition is satisfied.
3. Assuming the satisfaction of the above conditions, if the relationship between management commitment and safety performance is not significant in the presence of safety communications, but the relationship between safety communications and safety performance is significant; safety communications play a complete mediator role in the relationship between management commitment and safety performance (B is significant, C 'is insignificant, and significance level of C is greater than C'). After running regression analysis, this condition was also observed. In the presence of safety communications and management commitment, the model is meaningful.   
The C' route loses its significant in the presence of safety communications. 
The results of the analyses unavel the complete mediator role of safety communications in the relationship between management commitment and safety performance.

The mediator role of safety communications in the relationship between workers involvement and safety performance
Workers involvement in safety issues, like management commitment, can also correlate with the safety performance of the project. Workers involvement includes issues such as the willingness to report injuries and the potential hazards of the construction working-place in different situations. Based on the conducted correlation analysis, workers involvement is less correlated with safety performance, compared to management commitment. In this section, we examine the third hypothesis of this research based on Baron and Kenny model. 

1. Workers involvement can predict safety performance significantly (C is significant). The results of the analyses indicate that this condition is satisfied.
2. Workers involvement can significantly predict safety communications (A is significant). The results of the analyses indicate that this condition is satisfied.
3. Assuming the satisfaction of the above conditions, if the relationship between workers involvement and safety performance is not significant in the presence of safety communications, but the relationship between safety communications and safety performance is significant; safety communications play a complete mediator role in the relationship between Workers involvement and safety performance (B is significant, C' is insignificant, and significance level of C is greater than C'). After running regression analysis, this condition was also observed. In the presence of safety communications and workers involvement, the model is meaningful.  In the presence of safety communications and safety climate, the model is meaningful. The C' route loses its significant in the presence of safety communications. 
The results of the analyses show the complete mediator role of safety communications in the relationship between workers involvement commitment and safety performance.
 
Discussion
As it was observed in Figure 2, the overall safety climate can enhance the safety performance of the project through safety communications among the project team memebers. In other words, each component of the safety climate is objectively identified in the form of the safety communication and promotes the safety performance of the project. For example, management commitment is one of the most important components of the safety climate and represents the value and priority that management attaches to safety. The manager, who places high value on safety, is always been in touch with his employees and convince them that safe doing things is a priority over things like cost or speed. Supporting this issue, Bentley and Hesslon introduced the safety communications between the manager and the employees as the reducer of accident rate or propmoter of safety performance in post delivery companies. Generally, the project manager is expected to use a variety of formal and informal communications to demonstrate his commitment and fidelity to safety issues. In this regard, Simon and Pickard acknowledged that the communications that the management establish and the feedback that employees are returning are necessary to improve the safety situation and that the reporter of injuries are hazardous situation and safety experience. To create such an understanding in the employees, there should be useful and timely training courses, regular safety meetings, encouraging safe work behaviors, and punishing risk-taking behaviors; the effective provision of such requirements need the existence of communication channels between the management and the project's employees. Similarly, Neal and Griffin also claim that management should communicate and interact with the employees about the safety issues, while allocating a high priority to safety. 
Safety equipments is one of the other components that influences the safety climate. These equipments may include personal protective equipment or safety systems in the project. Safety equipments and safety systems have instructions for setting up and operation, like other construction facilities. In other words, to use them correctly and efficiently, we need to receive training on how to use them, their functionality and features, and their limitations; these trainings are mainly provided by the manufacturer. Providing these trainings is only possible through communication, in such a way that the safety officer acquires the information needed to use the equipment in the unique conditions of each project through studying or asking the manufacturer and explain them to the workers and operators of the equipment or ask them to attend the relevant training workshops.
Another important component of the safety climate is work pressure. When the amount of workload exceeds the capacity of the workers so that workers can not perform their duties safely, work pressures are made. Erben et al. showed that, under the work pressure, the amount of communications among the working group members decreases, and this leads to the poor performance of the groups. Park (2011), in his research, simulated the embarrassing emergency situation of the working groups  operating in the main control room of the nuclear power plant in South Korea in order to measure the impact of communications on the proper functioning of the working groups. In his study, a lot of work pressure was applied on people who worked in the main control room, and it was unraveled that establishing reliable safety communications among the members of each working group is required to maintain safety in the control system of the power plant.
Given the fact that under the work pressure, the probability of human error increases, it is necessary to establish a deterrent system through communication to identify the individual defects and mistakes with the collective wisdom and insight and in effect, enhance the performance of the group. Therefore, the best and least costly way to deal with safety risks associated with work pressures is to develop communication channels between the members of a working group. Safety training, as another component of the safety climate, includes planned guidance and trainings in which the knowledge related to safety protocols, technical skills, and work experiences are transmitted to individuals in order to provide the necessary conditions for safe working. The recipient of this information are the workers and the sender can be one of the members of the company or foreign consultants. Obviously, knowing this knowledge, if proper communication channels between the receiver and transmitter are not created, safety knowledge will not be passed on its own. A long the same lines, Wehbe et al. (2016) acknowledge that safety training is done through the establishment of safety communications. Al-Samandani and his colleagues argue that the reason for the high rate of casualties of Spanish-speaking workers in the American manufacturing industry is language and communication barriers that make the safety training taught in English be inaccurate for Spanish language workers. Safety inspection is another key component of the safety climate, which is usually considered as an integral part of safety management systems and seeks risk control through early detection of hazards and implementation of reforms. 
According to Menzdorf’s study conducted in the field of safety inspection; in safety inspection, issues such as planning for safety inspections, collecting and aggregating information from the previous incidents, reviewing guidelines and potential incidents, and the extent of workers’ understanding of the risks have been highlighted. Safety inspectors, after identifying hazards, have to inform the workers about the issue; otherwise, there will not certainly be a positive occurrence, the inspector's information will be added, and the risks for the workers will still remain unknown. Also, after any incident or safety inspections, the results of the inspections should be documented in the form of courses and used in safety training, so that the past mistakes will not be repeated in the future. van Dyck et al. define Error Management Climate (EMC) as the employees’ perceptions of organizational practices related to communicating about errors, to sharing error knowledge, to helping in error situations, and to quickly detecting and handling errors.                
Given that the goal of safety inspections is the early detection of hazards, which are mainly due to human and inhumane errors, the existence of communications is a necessary condition for managing errors and safety inspections. In other words, inspection is valuable when it can ultimately lead to the transfer of results and lessons to the workforce. So, if there is no safety communication, the work safety inspection is incomplete and largely loses its effectiveness. 
Safety experiences and safety practices at work generally include rules and regulations that are drafted by official agencies such as OSHA. Sigularov et al. acknowledged that the safety experiences imply the extent to which the safety training, workshop meetings prior to work, safety information on construction sites, and personal protective equipment are available at the construction working-place and whether or not they are adequate. According to this definition, to ensure the existence or adequacy of any of the above parameters, we will need to establish the communication between the workers and the relevant sections. In addition, in a research conducted by He et al. (2016), it has been proven statistically that safety experiences and safety practices are correlated with work pressures and, as previously mentioned, work pressures are shown up in the context of communications among the individuals and different groups in the workplace. Clearly, the presence of safety practices and safety experiences plays an important role in promoting safety prformance, but the effectiveness of all these safety practices and experiences depends on their transfer to the workforce, which in turn involves the establishment of safety communications. Obviously, if these conditions are provided, nothing more than promoting safety can be expected. Therefore, in order to improve the safety performance of construction projects, the effectiveness of safety communications can not be denied. Although the creation of a positive safety climate is necessary to achieve higher performance, the advancement of safety climate alone will not suffice and the performance will not be promoted if appropriate communication channels are not formed in the project. 
It is sometimes observed that some construction projects have stringent safety rules and regulations and allocate a lot of resources to the safety of the project, however, due to the lack of appropriate tools and methods of communication, the safety results of the project is not satisfactory. Figures 5 and 6 are two communication patterns of the selected samples, which are related to the excavator crews with high safety function. Figure 5 refers to the excavation project of a hospital and has a network density of 0.8. The existence of dense communications among the memebers of the excavator crews has caused the safety climate to have an effective impact on safety performance and no incident occurs in the project. Figure 6 concerns with the excavation project of another hospital with a density of 0.75 which experienced only 2 incidents in seven months. As seen in Figures 5 and 6, the communications density in Fig. 5 is greater than the number of network nodes, which causes the density of the network 5 to be larger. In other words, members of network 5 are well connected whaich has led to optimal safety performance. At the opposite point, Figures 7 and 8 refer to safety excavator crews with low safety performance. Figure 7 with a network density of 0.42 is related to the excavator crews, which had the lowest safety performance among 36 projects and experienced 7 events in 4 months. Similarly, Figure 8 represents the communication pattern of the excavator crews who experienced six events over a period of 4 months (after Figure 7, the worst performance among 36 projects); its network density is 0.43. In these figures, W represents workers, and Sup represents the excavator crews’ foreman. 
Management commitment as a factor in the overall safety climate of the project is more significant compared to workers involvement in the presence of safety communications. In other words, safety communication plays a stronger role in mediating the relationship between worker involvement and safety performance. In fact, safety communication plays a key role in discussing about worker involvement in the safety issues for achieving higher safety performance. Obviously, in most cases, workers at the workforce are more exposed to accidents and injuries caused by them, so the existence of communication channels to identify and communicate risks, and in the next stage, to empower workers to cope up with the occupational hazards is necessary. Therefore, the existing connections among the workers are more interactive and are the basis of many types of information exchange. At the opposite of the management commitment, factors such as understanding workers is a safety priority for the project manager and supervisor of the group. The communications in this area are often not interactive, more formal, and top-down. 
 
Conclusion
Considering the high accident rate and casualties in the construction industry, and in particular in construction excavations, to enhance safety performance in construction projects, we need to regulate a positive safety climate so that workers can safely understand the working environment conditions. In the previous studies, safety communication mainly has been considered as one of the components of safety climate; this leads to the superficial examination of this construct and its role in the management of safety performance. Therefore, in this study, in order to study more deeply the relationship between safety climate and safety performance and the effect of different communication patterns on this relationship in construction projects, safety communication was studied as an independent construct structure and its impact on the relationship between safety climate and safety performance was investigated. The results showed that safety communications play a mediator role in the relationship between safety climate and safety performance. In other words, safety climate will have a significant impact on the safety performance of the projects, if effective communications are established between the members of the project team. 
The study's novelty is the expalantion of the mediator role of safety communications on the relationship between the overall safety climate and safety performance. In this study, unlike the previous studies that focused on the entire construction process, only was the excavation stage studied, which can increase the validity of the research results; because the nature of safety risks in different stages of construction projects is different.
Another achievement of this research is investigating the effect of safety communications on the relationship between each component of the overall safety climate of the projects with safety performance of the projects. In the light of these findings, one can justify the importance of focusing on safety communications in a specific area for improving the safety situation. However, in this study, the presence of highlighted safety communications among the workers working at the workforce was very important for achieving higher safety performance, as the significance level of workers involvement in the presence of safety communications is much lower than management commitment to safety. In other words, the effect of the presence of effective communications on the effectiveness of the workers involvement is greater. 
This research can also be practically fruitful for manufacturing industry activists. The results of this study showed that contractors can, by facilitating communications between workers and supervisors of the excavator crews and without spending much time and money, increase the safety communications prior and during the work, and they can bring significant safety outcomes through transferring the lessons learned at the end of the work. 
In order to achieve higher safety performance in the projects, it is recommended that different communication channels are created between the project manager, foremen, and workers. The project manager should demonstrate his as well as organization commitment to safety of the workers through these channels. These channels can be organized in regular group meetings, irregular visits, and correspondence boxes. In fact, there must be a mechanism that allows for the establishment of various types of communications between all project components, because the psychological and personality problems of the workers may isolate some of them and highlight others, and as a result, safety issues be of limited concern. Another issue is that workers must be ensured that their views are taken into account so that mutual trust can be created. To this end, the project manager should provide workers with regular briefings on measures taken to improve the safety situation from the previous meeting so that the practical results of these measures are tangible for the workers. Another action that can be fruitful is to hold informal group working meetings in the short run for each project on a daily basis.
 It is recommended that these meetings should be held in 45 minutes, after the meal and rest period, under the supervision of the foremen for each group, and that the attendance of the workers be mandatory. Speeches that should be exchanged at these meetings are generally focused on safety issues and are around work safety, identified hazards, and controversies on how to handle safe work at an acceptable speed. The output of such meetings usually reveal a series of new needs or new conditions that are presented at regular meetings with the project manager; as such the main concern of the workers working on the front is evolved to the attention of the project manager.
Before the work begins, project managers should provide training courses for the foremen on how to improve the safety performance of the working groups. In these courses, it is important for foremen to learn how to promote safety communications and to be ensured about the effectiveness of this work.
It is recommended that for each project, a virtual channel will be created under the supervision of HSE Chief Officer, in which all the workers, supervisors, inspectors, and project manager are present. The mission of such channels is to discuss about safety issues in an attractive way, and in the form of short audiovisual media, in hours other than work hours. For example, if it is anticipated that there is rain in the coming days at the construction site, this channel can share the graphical warnings of work hazards in those weather conditions. In this case, workers can step into the working-place with a better perspective of the weather conditions and care about themselves more.  
Limitations and suggestions for further study 
This research, like other scientific studies, has some limitations that should be taken into account when applying the results. The first limitation of this research is the sample size. Although the statistical methods used in this research are proportional to this limitation, certainly increasing the number of samples will have a significant effect on the generalizability of the results; therefore, it is suggested that the results of this study will be examined with a larger sample size. In addition, the focus of this study was on the excavation stage, so care must be taken in generalizing the results of this research to other stages of the construction projects.
In the present study, RIR Lagging indicators, which is usually the most common indicator for calculating safety performance, has been used. Because lagging indicators relate only to the incidents in the past and are incapable of initial warning for incidents, it is now recommended to use leading indicators such as safety participation or safety compliance for measuring safety performance. These indicators, firstly, have the ability to provide the necessary information about the safety situation of construction activities and, secondly, have the ability to help decision makers adopt corrective approaches. Therefore, it is recommended that in the forthcoming research, the results of this study will be measured with the leading indicators. 
Another limitation of this research concerns with giving one value to all kinds of communications in modeling networks which in effect can lead to the ignorance of the importance and effectiveness of each communication mode. Therefore, it is recommended this model is examined with a weighted communication network in order to measure the effectiveness of each of the communication methods and tools and their impact on enhancing the safety performance.


Appendix 1: Questions of safety climate questionnaire
1. To what extent was your team's safety important for the project manager?
2. To what extent has the supervisor emphasized on safety?
3. To what extent has your team’supervisor observed safety?
4. Have there been any safety regulations in this project?
5. Have there been any proper and safe equipment for work?
6. To what extent have the Work Protection Committee meetings organized regularly and effectively?
7. To what extent have you been encouraged for following precautionary principles?
8. To what extent have the signs, bulletins, and safety-related tracks been used in the construction working-place?
9. To what extent was safety in your control?
10. Do you think that risk taking has been part of your task?
11. Do you feel that an incident will happen to you in the next year?
