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ABSTRACT
The construction industry has historically suffered from high frequency and severity of accidents, making safety a major concern for all associated stakeholders. To improve safety performance, leading safety indicators have emerged as a more effective alternative to the traditional lagging indicators measured after the occurrence of an incident or accident. These are ex ante assessment of construction behaviors and processes to proactively predict safety breaches. 
Prior research has defined and assessed leading safety indicators, but has not yet sufficiently understood their actual current application either at the local and/or regional levels. To this end, this research aims to study, define, evaluate and provide guidance in relation to utilizing leading safety indicators in Tennessee. The research utilizes an interdependent research methodology. Based on a comprehensive literature review, an industry questionnaire was developed targeting construction professionals in Middle and East Tennessee. The results of the questionnaires were analyzed through different statistical analysis techniques including reliability measures, measures of central tendency and variability, correlations, normality, and comparisons of means. 
The results of the survey, received from professionals with collective experience of over 600 years, showed that 66.7% of the firms investigated had an instituted system of leading indicators. Firms with no use or awareness of an instituted system still applied concepts similar to leading indicators. Also, it was revealed that among the 78 indicators of the survey, only 48 were highly utilized by the responding firms. The most popular indicators - used by over 80% of respondents - were related to Housekeeping, use of Personal Protective Equipment (PPEs), and Substance Abuse Programs. On the other hand, the least popular indicators were associated with contractual safety obligations, feedback stemming from safety meetings, and perceptions and evaluations of reporting systems. Larger companies were more likely to use passive leading indicators related to policymaking and strategic programs compared to smaller companies. Pursuant to the findings of this research, it is advisable to repeat similar studies at other local and regional areas across the nation to assess similarities and differences in implementation. This will help in developing effective and efficient proactive strategies for a zero-accident construction industry.
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Introduction and Background Information
[bookmark: _Toc475631603]Safety and the Construction Industry 
The construction industry is one of the integral components of the United States’ Economy. According to the Center for Construction Research and Training (2013), the construction industry had a 3.5% contribution to the total GDP of the US in 2010 and this contribution continues to grow with the diminishing effects of the economic recession. In 2014, the total country GDP was a total of $17.3 trillion of which the construction industry contributed to 3.8% (AGC 2015).  Furthermore, according to the United States Bureau of Labor Statistics (2015) the construction industry employed around 7.8 million construction workers in 2014 or 5.6% of all domestic workers. 
With this great contribution to the economy and employment of the country, the construction industry has consistently ranked amongst the highest industries in frequency and severity of injuries compared. The updated statistics of the Occupational Safety and Health Administration (2015), as well as the National Census of Fatal Occupational Injuries in 2014 by Bureau of Labor Statistics (BLS 2015), state that in 2014 the fatalities in the construction industry made up 20.5% of all fatalities in the private industry, mainly caused by falls, electrocutions, and being struck by objects. In addition to the obvious and very important aspect of workers’ suffering due to these fatal and nonfatal injuries, such injuries could add significant direct and indirect costs that can reduce projects’ revenues. Injury incidents elevate the costs of insurance, cause delays in the project, increase turnover, and result in loss of productivity due to decreased workers’ morale (CII 2012). In 2002, the direct and indirect costs of work related injuries (both fatal and non-fatal) in the construction industry reached up of $27,000 per case. This is almost double the cost for any other industry. These costs totaled $11.5 billion (Waehrer et al. 2007). 
Since the passage of the Occupational Safety and Health Act (OSHA) of 1970 improvements on safety has been notably greater. Specifically, in the first 20 years of its institution, the fatality rates decreased by more than 50%  from a rate of 38 worker deaths per day in 1970 12 fatalities per day in 2014. Nevertheless, the improvement on these fatality and injury rates, though continuing, has slowed down and is expected to diminish further (CII 2012). Therefore, the industry needs updated and new methods of tackling safety issues to continue reducing the fatality and injury rates of workers. 
[bookmark: _Toc475631604]Safety Performance Indicators 
To develop intervention strategies that aim to reduce future workplace injuries and fatalities, it is important that safety is measured. Traditionally safety performance has been measured by lagging safety indicators, or “after the loss” measurements (Grabowski 2007). Lagging indicators are measurable only after the injury or accident has occurred; they are dependent on past performance and are related to the outcomes of events (CII 2012). Lagging indicators traditionally used include Occupational Safety and Health Administration (OSHA) Recordable Injury Rate (RIR); Days Away, Restricted Work, or Transfer (DART) injury rate; and the Experience Modification Rating (EMR) for workers’ compensation (Hinze 2012). Though these indicators serve as good predictors of the long-term performance of a project, and allow comparison to the industry averages, they are only measurable after the accident has occurred, and they do not allow for proactive measures to reduce such accidents. Lagging indicators are now being questioned by many regarding their usability and value in foreseeing safety performance at the worksite. 
The construction industry is now moving towards other metrics to measure safety, and these are the leading safety indicators. Leading indicators are not necessarily historical in nature and are linked to current actions allowing for proactive responses in order to prevent accidents (Toellner 2001). They can be a combination of events or measures prior to any incident serving to predict any future incident and accordingly devise action plans (Grabowski 2007). Hinze et al. (2012) makes a distinction between two types of leading indicators: passive and active leading indicators. Passive leading Indicators are some set of strategies and actions that are set up prior to the initiation of the project. These indicators attempt to serve as predictors to the project’s safety performance, while not being alterable after the beginning of the project. On the other hand, active leading Indicators are measured and adjusted during the construction phase, and positive responses can be accordingly devised in order to improve safety and monitor it. Measuring these active and passive leading indicators is important in order to define some sort of threshold value of metrics below which a corrective action is triggered. The measurements should provide some form of guidance on how to intervene in order to restore the performance above the level of expectation.
Knowledge Gap 
Existing research on safety leading indicators aimed initially to define these indicators, and then later moved to assess their effectiveness and correlation to safety performance. Such efforts have compiled comprehensive lists of leading indicators from experts’ perspective, and assessed how these are used over national and international scales. Despite these prior research efforts, there is still little understanding of how local companies have reacted to the emergence of this concept in the construction field. There is also yet to be an effort to understand the differences in safety culture from one location to another. This research aims to address this knowledge gap, and understand safety performance in a location-specific manner and identify metrics of safety on regional and local basis, rather than generic basis. In order to do so, the paper tackles the case of construction companies in Tennessee to develop a complete understanding of how leading indicators are actually penetrating the local construction markets.
[bookmark: _Toc475631605]Construction and Safety in the Case of Tennessee 
The Construction Industry in Tennessee does not differ much from the national case in terms of contribution to the economy and employment in the state. Tennessee has a continually growing number of construction projects and employment rates. In 2015, the construction industry generated $11B in revenue contributing to 3.5% of the state’s GDP (Ansley et al. 2015), compared to 3.8% GDP contribution on the national level (AGC 2015-e). Tennessee’s construction industry employed 113,300 of the total 7.8 million construction workers in the US (AGC 2015-a). As for the fatality rates, Tennessee had a rate of 3.7 per 100,000 full time equivalent workers in 2015, compared to the national rate of 3.38 per 100,000 full time equivalent workers (BLS 2015). Similar to the national statistics, fatal injuries in Tennessee’s construction industry is alarmingly high, amounting to 17.2% of all fatal injuries in the workplace, and ranking second after transportation and material moving occupations in total fatalities (Tennessee Department of Labor and Workforce Development 2014). The rate is still however lower than the national average of 20.4% (BLS 2015). In 2013, the workplace fatalities in Tennessee were divided as shown in Figure 1 below.
[bookmark: _Toc467684279]Figure 1 Greatest number of fatal occupational injuries by Major Occupational Group in Tennessee, (Tennessee Department of Labor and Workforce Development 2013)

Ansley et al. (2015) also investigated the comparison of Tennessee fatality rates as compared to national rates. Table 1 below shows this difference and highlights that Tennessee has been experiencing a consistently higher fatality rate than the national average, with the maximum difference occurring in 2010 

[bookmark: _Toc475631662]Table 1 Fatality Rates in Tennessee and U.S. 2008 to 2012  (Ansley et al. 2015)
	Year
	Total Fatalities
	Tennessee Rate
	National Rate
	Tennessee above National Average

	2012
	101
	3.8
	3.4
	12%

	2011
	120
	4.5
	3.5
	29%

	2010
	138
	5.4
	3.6
	50%

	2009
	111
	4.5
	3.5
	29%

	2008
	135
	5.1
	3.7
	38%



This difference from the national average shows that safety culture differs widely from one location to another, and implementing the same safety standards does not necessarily mean that the same safety culture will exist and the performance will be the same. Consequently, it is important to study safety performance and measures in construction organization to be location specific, and to identify metrics of safety on a regional and local basis, rather than broadly.  
[bookmark: _Toc475631606]Research Goal and Objectives 
1.1.1 [bookmark: _Toc475631607]Research Goal
The goal of this research is to explore the utilization of leading safety indicators in the local construction industry in Tennessee. The research seeks to understand how the knowledge being developed in the academic field, and implemented in large scale national companies, is being adopted in smaller scale local companies. While the attributes of safety performance could vary from one local case to the other depending on the state, the region, or other factors, this research takes Tennessee as a starting point. By developing a clear knowledge of the penetration of leading indicators in local cases, we can identify which of these indicators do local companies of smaller sizes, budgets and experience, find most approachable and easy to implement. We expect that those are just a subset of the leading indicators that the literature defines, and those implemented nationally. The research also aims to identify the knowledge gap in leading indicators, and the common misunderstandings and the lack of full proper utilization.
1.1.2 [bookmark: _Toc475631608]Research Objectives 
[bookmark: _Toc420995896][bookmark: _Toc422997483]To achieve the goal of this research, the research objectives are broken down as follows:
0. Study whether the concept and the system of leading indicators are actually used in the construction industry in Tennessee ; 
0. Defining which indicators are most commonly used in the local case and how these vary with company size and type of service;
0. Evaluating the knowledge of professionals and stakeholders of the construction industry as it pertains to leading indicators in the local case in order to effectively target areas where knowledge is lacking. 
0. Provide some guidelines for better utilization of leading indicators, within the same region or across the entire nation.
These objectives will be achieved using a survey tool that will be distributed to local construction firms’ representatives to record their experience as further explained in the methodology section of this research (Chapter 3).   

[bookmark: _Toc427156466][bookmark: _Toc475631609]
Literature Review
2.1. [bookmark: _Toc475631610]Safety Management 
The construction industry has witnessed a significant advancement in safety management techniques since the passing of the Occupational Safety and Health Act (OSHA) in 1970. According to Hinze et al. (2013), the improvements in OSHA injury rates were dramatic immediately after the passing of the act, nevertheless these improvement rates have greatly declined since then. It is also argued that these will continue to decline and will eventually become non-existent.  The OSHA rates, such as Total Recordable Injury Rate (TRIR); Days Away from Work, Restricted Work or Transfer rates (DART), are examples of lagging indicators which are traditionally used to assess safety. These are used widely in the construction industry. However, because the construction industry is dynamic and transient in nature, safety indicators must be continually and frequently adjusted to meet the unique needs of the industry (Hallowell and Gambatese 2009). Therefore, the effectiveness of lagging indicators in measuring safety performance is becoming questionable. Safety performance indicators need to be metrics that are capable of validly and accurately measuring an organization’s ability to control the risk of accidents (Kjellén, 2009). This is vital for valid decision-making and assessment of safety systems (Toellner 2001). In attempts to enhance safety systems, prevent accident and predict future safety performance, scholars and industry officials have realized the need to move to the use of leading indicators along with lagging indicators for more effective assessment of safety. 
2.2. [bookmark: _Toc475631611][bookmark: _Toc420995900][bookmark: _Toc422997487]Traditional Methods of Safety Measurement 
The traditional method of measuring safety performance has been using outcome or ‘after the loss’ measurements which are measured and monitored after the occurrence of an accident, injury or a monetary cost. These kinds of measurements are referred to as lagging safety indicators. Grabowski et al. (2007-a) defines lagging indicators as measurements of safety performance after the accident has occurred, or the worker has been injured. Toellner (2001) calls them ‘Trailing’ indicators, defining them as safety metrics related to the outcome of accidents. The most traditionally used lagging indicators are OSHA TRIR, lost time frequency and severity, number of days restricted, compensation for losses for workers, and near hit reporting (Toellner 2001; Grabowski et al. 2007-a). 
There is a continually growing debate in the literature and among working professionals about the effectiveness of lagging indicators in assessing safety performance and predicting future safety for the work place. (Hinze et al. 2013, Grabowski et al. 2007-a). Researchers believe that past safety performance is unlikely to accurately predict future results (Mengolini and Debarberis 2007; Manuele 2009). Furthermore, these indicators fail to reflect whether or not the system of safety in the company is functioning properly (Peterson 1998; Stricoff 2000). They also equally fail to diagnose any aspect of the system that is becoming out of control. This makes scholars like Peterson (1998) believe that lagging indicators are merely the measure of luck or lack of it. To emphasize this, Stricoff (2000) discusses how measures of lagging indicators, for example injury rates, could change from one month to the other without real change in the safety system of the company. The company could inflict no change to its safety emphasis and policies yet still achieve lower rates in one month compared to the previous one. This further confirms that these indicators fail to precisely reflect safety performance. 
Another important reason why lagging indicators are believed to be ineffective is the modern understanding of the complexity of the safety and hazard systems. Analyses of accidents almost always show that accidents do not result from a single reason or cause, but rather an interaction between many interrelated elements, and a combination of deficiencies in the performance (Reiman and Pietikainen, 2012; Grabowski et al. 2007-a). Consequently, lagging indicators, which only measure outcomes, fail to combine the different aspects of the current organizational safety system that interact in a complex manner resulting in an accident. All of this has led to a consensus that focusing too much on such lagging indicators only wastes efforts and resources on unduly trusted metrics, which in turn hinders the process of actually proactively managing safety
In addition to the doubt in lagging indicators’ ability to reflect safety performance, some scholars also question the validity of the traditional indicators in terms of measurement, recordability and assigning weights to different incidents. Kjellen (2009) criticizes the lost-time injury frequency rate (LTI-rate) for failing to discriminate between injuries based on the severity of their consequences. Assigning the same weight to injuries with different severities indicates a lack of reliability of this measure. It is also argued that measures of lagging indicators can be easily manipulated, which in turn reflects on the usefulness of the feedback they give about the safety system. As for the reliability of interpretation and recordability, Toellner (2001) notes that the main issue with these measures lies in the lack of consistency when interpreting the indicators, making the interpretation misleading. This inconsistency in interpretation and recordability is attributed to the different perspectives of workers and management of what needs to be recorded. Despite OSHA’s effort to create clear guidelines on what to record, many companies still follow the policy of not reporting unless they absolutely have to, which gives a skewed image for safety performance.  Furthermore, both Toellner (2001) and Hinze et al. (2013) discuss how the negative connotation related to lagging indicators has an impact on their recordability and effectiveness. The fact that measuring these indicators is done after the occurrence of the accident makes them inherently linked to negative connotations. This will inevitably create bias on how much of the incidents and near misses are recorded, especially if the indicators are linked to performance evaluations or bonus systems.  
Despite this growing debate and questioning of lagging indicators, it can be observed that these indicators are still very widely popular in the construction industry as well as other industries. There are several reasons why these indicators are still used. These are related to the advantages of the indicators themselves, their ease of use, and the obstacles of using leading indicators. The popularity of lagging indicators stems from the fact that they are still the sole measure to define compliance of different companies to governmental procedures, insurance policies and rating systems of bureaus. They are also the number one means of comparing safety effectiveness between different companies (Petersen 1998; Reiman and Pietikainen 2012; Mengolini and Debarberis 2007). Other advantages discussed by Tomlinson et al. (2011) include the usefulness of these indicators to identify trends in past performance and compare them from year to year. Moreover, their long history of use in the industry makes them widely accepted standards, and the ease of analyzing and identifying them contributes to their popularity.
2.3. [bookmark: _Toc475631612]The Move to the Use of Leading Indicators 
The history of accidents and catastrophes has shown that previously missed indicators and signals are commonly found, and if those have been recognized before the occurrence of the adverse event, and were properly managed, then it is highly likely that these events could have been avoided (Grabowski et al. 2007-b). Due to this fact, and many recognized shortages of the effectiveness of lagging indicators, there is now a need to move to unbiased, objective and effective indicators that allow for proactive management and evaluation of safety (Mengolini and Debarberis 2007; Reiman and Pietikainen, 2012). Hale (2009) argues that relying on lagging indicators, or as he calls them reactive indicators, is only the ‘fix and fly’ approach and cannot be sufficiently used to predict future performance. Similarly, Rajendran and Gambatese (2009) support the need to move safety management to upstream (leading) indicators that allow for proactive management with positive effects on performance. Hinze and Hallowell (2013) admit that many comprehensive studies need to be conducted in order to develop a leading indicator driven safety system, however they view that it is the only way to effectively manage and evaluate safety in a company.  
2.3.1. [bookmark: _Toc475631613]Definitions of Leading Indicators in the Literature
One of the main obstacles that professionals in the field of construction face, when attempting to embark on a leading indicator program, is actually defining such indicators. Several aspects of the definition are emphasized in different literature sources. Hinze et al. (2013) provides a definition that encompasses all of such aspects. This definition states that leading indicators are the building blocks of the safety culture of a company. Identifying weaknesses in the safety process through measuring these indicators will in turn allow for prediction of accidents and a proactive development of interventions and corrective actions to impact the safety process positively. Other literature sources provides several definitions of leading indicators that are categorized by the following: 
Definitions Based on Time Frame 
Leading indicators should be metrics that measure events, activities, behaviors or processes that precede the occurrence of an incident, accident or injury. Grabowski et al. (2007-a) defines leading indicators as accident precursors, conditions, events or measures that lead (precede in time) an undesirable event. Others, like Kjellen (2009) define a leading indicator as measure that is altered before the risk level in an organization is changed. Additionally, The National Academy of Engineering defines leading indicators as “conditions, events, and sequences that precede and lead up to accidents.” 
Definitions Based on Predictive Value
Leading indicators should be able to predict the change in risk levels or the occurrence of accidents (Tomlinson 2011). According to Grabowski et al. (2007-a) leading indicators should add value to the prediction of the event (accident, incident, near miss, or undesirable safety state) occurrence, and therefore should be related to proactive activities that identify hazards and assess, eliminate, minimize and control risk. This proactive aspect of leading indicators is also emphasized in the definition of Reiman and Pietikainen (2012). In this definition, they focus on the importance of the ability of the leading indicator to identify and incorporate practices and processes of the organization that precede any alterations to the safety performance in the company. 
Definitions Based on Proactivity 
Leading indicators should be proactive in nature. They must be associated with proactive activities, interventions and corrective actions once a shortage in the safety system is identified (Tomlinson 2011). Hallowell et al. (2013) defines leading indicators as safety-related practices or observations that can be measured during the construction phase, which can trigger positive responses. These can be measured and updated with the progress of the project, in order to dynamically monitor and consequently enhance safety performance.
Definitions Based on Measurability  
Leading indicators must be set in a measurable frame for which benchmarks are defined and monitoring is done to evaluate the safety performance. Toellner’s (2001) definition focuses on the aspect of measurability of the indicators. This definition views indicators as metrics associated with measurable system or individual behaviors, which directly relate to preventing accidents.  
2.3.2. [bookmark: _Toc475631614]Difference between Leading and Lagging Indicators 
From the definitions above it can be concluded that leading and lagging indicators differ in terms of whether they precede (lead) or follow (lag) an accident (Hale 2009). Leading indicators have the ability, if selected properly, to predict the arrival of accidents or the change in the organization’s risk level, while lagging indicators merely provide statistics of the past performance, which usually poorly predict future performance. Furthermore, leading and lagging indicators differ in their focus levels. Lagging indicators have much less focus on the individual performance when compared to the focus of leading indicators; they often have a broader scope and focus on organizational level performance and measures (Grabowski et al. 2007-a). Leading and lagging indicators also differ in the original purpose of their design. Leading indicators were originally designed in the purpose of monitoring the safety processes and highlighting any shortfalls as to initiate intervention or corrective actions. This is not the case of lagging indicators, which merely reflect results of past performance in terms of accident rates and near misses (Hinze et al. 2012). Based on these differences, and as outlined by Wehle and Hinze (2009), there are several reasons why a leading indicator program needs to be used in preference (yet in combination with) to a lagging indicator system. These include the limited information that lagging data provides, the need for new tools to focus on safety performance, and the need to create a safety program that adjusts to changes as the project progresses. 
2.3.3. [bookmark: _Toc475631615]Active and Passive Leading Indicators 
Some literature sources classify leading indicators into two categories: passive and active indicators. The Construction Industry Institute (CII) Research Summary 284-1 (2012-b) of Measuring Safety Performance with Active Safety Leading Indicators and the Research on Implementing Active Leading Indicators make a clear distinction between these two types. Reiman and Pietikainen (2012) also make this distinction between the two types of leading indicators. For them, monitor indicators (i.e. passive indicators) indicate the potential of the organization to achieve safety; these are short term and are unlikely to change as the project progresses. On the other hand, drive safety indicators (i.e. active indicators) relate to activities aiming at enhancing safety. Drive indicators should be associated with actions that influence the safety system, and should be open to alterations throughout the project duration. 	More definitions and examples of the two types are discussed below. 


Passive Leading Indicators
Passive leading indicators are defined as “safety strategies that should be implemented before the construction phase begins to set the project up for success” (CII 2012-b). Typically, these practices (e.g., contractual language and staffing) are not adjusted once the project begins, but serve as predictors of safety performance during construction. Some examples of passive leading indicators are the percentage of management personnel or field employees that are OSHA certified, or the percentage of subcontractors that are selected based on a pre-defined safety criteria. These are examples of indicators that usually do not change once the construction is initiated.  Passive leading indicators are a good start to predict the safety of the project, but they offer very little information about the daily progression of safety and related activities on the site; making them more useful for a broader and bigger picture prediction of long term safety performance.
Active Leading Indicators
Leading indicators are defined as safety-related practices or observations that can be measured during the construction phase and that can trigger positive responses (CII 2012-b). Active leading indicators can be measured and adjusted as the project progresses to dynamically monitor and improve safety performance. While passive leading indicators generally have “yes” or “no” as an answer to whether a practice or program is implemented, active leading indicators, on the other hand, generate a score or numeric value by which the practice or program can be assessed. Some examples of active leading indicators are the percentage of pre-task planning meetings attended by management and the results of random drug testing. Others include promotion of safety by owner or management and the use of a worker observation program. Unlike passive indicators, these are more likely to be subject to changes in the short term with the change of daily activities and behaviors on the site. 
2.3.4. [bookmark: _Toc475631616]Current Difficulties and Obstacles to Use of Leading Indicators
According to Manuele et al. (2009), the main obstacle against the use of leading indicators is the difficulty in determining an accurate forecast of accidents due to the abundance of variables in the safety systems. Many factors come into play such as management commitment, financial aspects, training of employees, safe behaviors and many more, therefore making the prediction a complex process. Another very important obstacle is the lack of well-supported evidence of mathematical and measurable correlation between these indicators and the prevention of incidents. To further understand the obstacles in the face of using leading indicators, Hinze et al. (2013) and Wehle and Hinze (2009) provided interview questionnaires to members of the industry. The questionnaire requested them to provide information on whether or not they apply a leading indicator program, and if they do not and are willing to do so in the future what are the main obstacles that face them. These sources highlight the problems of defining, using, and establishing quantitative measures of leading indicators. Hinze et al. (2013) specifically highlights the complexity of the leading indicator methodology in addition to the absence of well-established industry parameters. In order to overcome these obstacles, companies have to direct personnel and resources to cover the needs of developing site specific or organization specific indicators, which on its own is an obstacle for companies, especially those with limited resources. According to the questionnaire results of Wehle and Hinze (2009), the most commonly perceived obstacles of applying a leading indicator program are as follows: 
1. Confusion in defining leading indicators 
2. Managerial Support and employees buy-in (due to perceived additional workload, labor requirements, training costs) 
3. Lack of Familiarity and newness of leading indicators
4. Lack of understanding of the benefits of leading indicators. 
2.3.5. [bookmark: _Toc475631617]Selection of the Right Leading Indicator
Due to the obstacles discussed above, and the complexity of adopting a leading indicator system, it is important to understand the steps for selecting the right leading indicator for each organization. According to Wehle and Hinze (2009) an organization needs to ensure that a certain criterion is satisfied before considering a leading indicator approach. The company has to have a genuine interest in accident and injury prevention that does not only stem from compliance to laws and regulations. This is needed because of the complexity and interconnected nature of the selection process of leading indicators (Mauele 2009). In order to identify the best leading indicators for the organization, there needs to be a clear definition of goals set forth by management that shows commitment to this approach (Mengolini and Debarberis 2007). 
A successful selection of leading indicators requires two main factors to be taken into consideration. First, leading indicators need to be tailored to the organization or the site. The correlations to safety performance should be demonstrated site-by-site in order to ensure validity (Stricoff, 2000). Leading indicators differ from one organization to the next the same way that hazards, safety system design, the organization structure and the risk levels differ (Leveson 2014).  Therefore, indicators should not be adopted randomly from the literature, but should rather be based on the model of safety that is specific to the organization and its projects. Second, it is important to realize that almost never would one single indicator be sufficient to provide information reflecting input from all the aspects of the safety programs. Attempting to use single indicators will be insufficient and misleading. A combination of quantitatively and qualitatively valid indicators, selected to be organization-specific, is the best way to go (Hinze et al. 2013). Such combination should also avoid using too many leading indicators. Toellner (2001) believes that a combination of 4 or 5 indicators is ideal to avoid elevated complexity and miscommunication. 
2.3.6. [bookmark: _Toc475631618]Characteristics of an Effective Leading Indicator
The literature defines the characteristics of an effective leading indicator as follows: 
0. Easily Measured 
The leading indicator must be easily set on a numeric scale so that benchmarking is possible against which shortfall of performance is assessed (Biggs et al. 2009; Leveson 2014; CII 2012-a). The measurement should also be accompanied with benchmarking, which allows for assessing of performance that is falling short, by comparing some metric values to this benchmark or threshold. This is very important for decision-making (Stricoff, 2000). 
0. Simple to Implement and Cost Effective 
Leading indicators should not burden financial and human resources or be too time consuming (Biggs et al. 2009). Moreover, selecting the leading indicator, and collecting data to measure and trace should be of feasible cost, especially as compared to the cost that would be lost if this indicator is not put in place  (Hale 2009). 
0. Unbiased
Leading indicators should not be open to manipulation in order to reflect better scores than reality (Leveson 2014; Hale 2009; Guo and Yiu, 2015). One example is designing workers’ observation programs in a way to eliminate bias of unrealistic behavioral improvements due to being observed.
0. Complete, Consistent, and Reliable 
Leading indicators should have sufficient coverage of critical assumptions of risk levels and safety, the consistency in these assumptions, and their reliability in giving consistent results when used by different people   (Leveson 2014; Hale 2009). For instance, a leading indicator related to PPE’s should assess all influential assumptions related to this behavior. These could be the availability of PPE on site, the nature of the executed work, received training, supervision, and many others.
0. Have Valid Correlation to Safety Performance
Leading indicators should have valid correlations to safety performance (Salas and Hallowell 2016). This is one of the most important aspects of a good safety indicator since it is the sole purpose of these indicators to predict safety performance and assess it to prevent accidents. Therefore, if the indicator fails to have strong correlation to safety performance then it loses purpose (Hale 2009). To ensure that leading indicators do correlate to the safety performance, organizations need to thoroughly understand the root causes of accidents, how these accidents could be prevented, and how to convert these prevention steps into quantifiable and measurable metrics.  (Toellner 2001). This aspect is covered more extensively in the section 3.3.7.
0. Continually Improving and Adjusting
Leading indicators should be continually monitored and open to adjustments and improvements. This requires a diligent understanding of whether or not the chosen indicator has had the intended effect, and if not how it could be adjusted accordingly (Hinze and Hallowell 2013; Leveson 2014; Guo and Yiu, 2015)  
0. Site Specific and Tailored to the Organization 
A good leading indicator is not adopted from the literature and applied to the site or the organization haphazardly (Reiman and Pietikainen, 2012). The correlation to safety performance should be demonstrated on a site-by-site basis (Stricoff, 2000), and similar indicators can be moved from site to site or adopted from different organizations only if the hazards, safety systems and control structures are comparably similar (Leveson, 2014).
Hinze and Hallowell (2013) and CII Resarch report (2012-a), cover all these characteristics in their suggestion for a framework for implementing an active leading indicator program as shown in the flowchart in Figure 2. A vital step in this flowchart is the analysis of information. This analysis will lead to an evaluation of the effectiveness for which the need for continuous improvement and adjustment of indicators is concluded.[bookmark: _Toc467684280]Figure 2 : Implementation Flowchart of Active Leading Indicators 
(Adapted From Hinze and Hallowell 2013)
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2.3.7. [bookmark: _Toc475631619]Correlating Leading Indicators to Safety Performance
As discussed above, one of the most crucial characteristics of a leading safety indicator is its strong correlation to safety performance.  To ensure such correlation, Grabowski et al. (2007 -b) emphasized the need to identify relevant safety factors as a first step to identifying any leading indicator and accordingly identify the suitable metrics that will therefore correlate with these safety factors. This is reiterated by other researchers such Leveson (2014) and Manuele (2009), in which it is emphasized that the selection of leading indicators must relate directly to assumptions of the reasons for accident occurrence. Leading indicators must also be capable of monitoring aspects of the control system that are most critical to the safety performance. This will ensure that the effective leading indicator is directly relevant to any opportunity for the organization to reduce risk and improve safety performance. To achieve this, Tomlinson (2011) suggests that the method of correlating safety performance to the indictors should be done undertaking the following steps: 
1. Choose a safety leading indicator or metric – from literature or as tailored to the site 
2. Collect safety performance data over a period of time – (this is usually represented by lagging indicators) 
3. Normalize the data 
4. Perform statistical analysis to investigate whether or not any significant correlation exists between the selected metrics and the organization’s safety performance.
Such steps by Tomlinson (2011), and other sources of the literature, confirm that a leading indicator can only be effective if a strong correlation to safety performance can be established. The most common way to reflect such correlation is through the effect of the leading indicator on the value of outcome or lagging indicators (Stricoff 2000; Manuele 2009). Once leading indicators are selected, their added value and validity can only be verified by conducting statistical analyses to establish a relationship or correlation to the organization’s lagging indicators over time (Rajendran 2013; Tomlinson 2011). Reiman and Pietikainen (2012) also emphasize the significance of having a system of leading and lagging indicators set in place together. They believe that monitoring lagging indicators and observing changes in them could be the motive for the organization to inspect their leading indicator approach, and consequently make changes in the organizational safety system. Dyreborg (2009) discusses the decisions induced by finding these correlations to safety performance. So, if the existing risk level or outcome indicators of an organization change with time, as the leading metrics are being altered, this would result in verifying the leading indicator, identifying faults and flaws and working towards improving the current safety control system. On the other hand, if the performance levels change with no correlation or change in leading indicators, this means that the organization needs to revise its selection of leading indicators because a causal relationship with the performance could not be established.  
2.4. [bookmark: _Toc475631620] Leading Indicators in Construction and Other Industries
2.4.1. [bookmark: _Toc475631621]Research Methods (Literature Identifying Leading Indicators) 
To summarize, an effective leading indicator must precede the accident, it must have the ability to predict future performance, and must strongly correlate to safety performance, so that if changed proactively this would reflect on organizational safety levels. In order to materialize these aspects of the definition, the literature has found that leading indicators must be relevant to organizational strategies, procedures, and processes. They also need to relate to workers on site behaviors, as well as the relationship between top management and employees. In the literature studied, researchers have used the following research methods to identify leading indicators:  
1. Questionnaires, interviews, accident investigations and focus groups (Mengolini and Debarberis 2007);
2. Safety Audits: audits built by the organization to monitor and measure safety performance factors upon which leading indicators will be built; 
3. Perception surveys: these ask the employees, supervisors and top management of their perceptions about the corporate and safety climate in the organization, to conclude any gaps or differences in the perception (Petersen, 1998);
4. Safe behavior observation: according to Toellner (2001) most accidents can be traced back to unsafe behaviors. So observing such behaviors will mean that safer attitudes are promoted and training could be provided. Behavioral observations allow for identifying and reporting leading indicators pinpointing the extent of hazard exposure (Stricoff, 2000);
5. Case studies, brainstorming sessions of research teams and experts of the field and   content analysis from award winning projects. (Hallowell et al. 2013; Hinze and Hallowell 2013); 
6. Delphi method (Hallowell and Gambatese 2013; Rajendran and Gambatese 2009).
2.4.2. [bookmark: _Toc475631622]Leading indicators in Construction
In their research, Rajendran and Gambatese (2009) concluded that the construction industry utilizes more than 300 different injury prevention strategies. These include the availability of an organizational safety plan, conducting safety audits, hazard and accident root-cause analyses, emergency preparedness and others. The Construction Industry Institute (CII) funded research– CII Research Report 284-11 (Hinze and Hallowell 2013) identified the essential components of an effective construction safety program that would help make zero injury a reality. The same components are also referenced in other sources such as Rajendran and Gambatese (2009) and Rajedran (2013).  These are as follows: 
1. Demonstrated management commitment;
2. Staffing for safety;
3. Pre-project and pre-task planning;
4. Safety education and training;
5. Employee involvement;
6. Safety recognition and rewards;
7. Accident/incident investigations;
8. Substance abuse programs; and
9. Subcontractor management.
The research also identified 50 potential leading indicators and through work of the focus research team, these were narrowed down to the most effective indicators. Effectiveness was assessed in regards to ability to predict future safety performance, the measurability of the indicators, and the diversity in covering strategies of management, workers and vendors to the contractor. These most effective active leading indicators are as follows: 
1. Near miss reporting
2. Project management team safety process involvement (Example off measurement method: Frequency of participation of project management
3. team members in field safety activities) 
4. Worker observation process
5. Stop work authority (measure: The number of times that the stop work authority is exercised per 200,000 worker-hours.) 
6. Auditing program 
7. Pre-task planning
8. Housekeeping program
9. Owner’s participation in worker orientation sessions
10. Foremen discussions and feedback meetings with the Owner’s PM
11. Owner safety walkthroughs
12. Pre-task planning for vendor Activities
13. Vendor safety audits
14. Vendor exit debrief
A related study by the CII, CII Research Summary 284-1 (CII 2012-b) Measuring Safety Performance with Active Safety Leading Indicators identified examples of passive leading indicators. The study did this through a thorough literature review, a brainstorming session with experts, then developed interview questionnaire with nearly 100 questions, comparative studies, site visits and collection of documentation. The most prominent passive leading indicators that were concluded from all these techniques were as follows: 
1. Owner review and approval of safety plan
1.  Participation of all contractors and subcontractors in safety meetings
1. Site-specific safety orientation for all managers
1. 100% steel-toed boots policy
1. Medical facilities on-site
1. First aid log is maintained
1. Minimum ratio of safety professionals to workers
1. Worker-to-worker observation program
1. Workers’ involvement in perception surveys
1. Contract sets minimum ratio of safety supervisors to workers
1. Contract imposes work hour restrictions for workers
1. Safety considered during the design phase
1. Formal safety review team determines disciplinary actions
Hallowell and Gambatese (2009) used the Delphi method to collect opinions of experts from which they concluded the essentials of a safety program. Their expert based survey asked experts to comment on the effectiveness of different elements of safety programs. They did so by recording their opinions on how using a certain indicator would reduce the severity and/or impact of one of their defined safety hazards ranging from slight discomfort, persistent discomfort to permanent disability and fatality. The results of this Delphi survey were similar to the results discussed above in areas such as engagement of upper management, accident investigation and analysis, training, management of subcontractors and vendors. 
Research such as that by Rajendran and Gambatese (2009) also used the Delphi method to gain feedback of carefully selected experts. For this case the research investigated 25 projects around geographically dispersed areas in 13 different states. It used 3 rounds of surveying and eliminating to find 50 elements of safety that are ranked and then statistically analyzed by computing correlation with OSHA TRIR for validation. This study concluded that the most important elements on which the leading indicator programs need to be built are: 
1. Clear project safety authority, responsibility, and accountability; 
1. Employee empowerment to stop work authority; and 
1. Contractor selection based on safety.
Another study by Rajendran (2013) investigates three types of leading indicators: Pre-Task Planning (PTP) review, Worker Safe Behavior Observation (WSBO), and Site Safety Audits (SSAs). The aim of this study was to make sure that these indicators correlate strongly to safety performance in the selected project. The effectiveness of leading indicators was evaluated using four lagging indicators: Near Miss Incident Rates (NMRs), First Aid Injury Rates (FAs), OSHA TRIRs, and Total Incident/Injury Rates (TIs). The study expected that if the leading indicators accurately represent the safety performance, then these lagging indicator or incident rate values should decrease with the increase of the leading metrics. Results showed that safety audits show poor correlation, while WSBO and PTP show strong correlations and are therefore good predictors of safety. Other work includes the studies conducted by Tomlinson (2011) that suggests examples of metrics that could be leading indicators, including:
1. The size of the safety budget 
1. Safety audit scores
1. Number of safety inspections 
1. Number of safety meetings involving management,
1. Percentage of incident reports on which root-cause analysis was undertaken 
The study also conducted statistical correlation analysis between these leading indicators and safety performance measured by lagging indicators. For example, the number of safety inspections was studied against restricted work accident frequency and was found significantly indicative, which means it is an effective leading indicator. 
Biggs et al. (2009) used two questionnaires, one for management and one for workers, and those were administered in construction projects in different regions. The study’s main goal was to attempt to standardize and customize the safety indicators and their measurements and offer user-friendly tools to do so. The results of the study show the following identified leading indicators: 
1. Regular site walk-arounds by senior management and/ or board members 
2. All management regularly seen on site (wearing the correct PPE)
3. Work done collaboratively (based on consultation) 
4. Listening to each other 
5. The need to treat people as people and to have respect for the individual
6. Commitment from workers and from management built on mutual trust
7. Explanations given of why actions suggested at toolbox talks/ pre-start meetings were undertaken or not
It is worth mentioning that several of the above-discussed sources, as well as others have utilized Factor Analysis and Principle Component Analysis techniques to group and classify leading indicators into some major factors that represent a bigger set of behaviors, processes and strategies that constitute as leading inidcators. For instance, Categories Aksorn and Hadikusumo (2008) identified factors like company’s strategy for safety management, and management commitment, and workers’ authorities, as significant factors. There represent various other indicators like the existence of a health and safety plan, obvious safety promotion by management, attendance of management of safety meetings and several others. Similarly, Zohar (1980), Sawacha et al. (1999) and Findley et al. (2004) identified factors like safety training and orientation, site investigations, safety meetings and housekeeping in their factor analysis process. Other scholars used PCA to identify similar factors such as in the work of Guldenmund (2007) and Salas and Hallowell (2016).
2.4.3. [bookmark: _Toc475631623]The Debate on Near-miss Indicators 
Near miss has been identified in several of the sources discussed above as a leading indicator. There is, however, an ongoing debate on whether or not these near misses can be considered leading indicators. Toellner (2001) is one of the believers that near miss reporting is a lagging indicator arguing that “the only difference between a near hit and an actual accident is sheer luck” and if an actual hit is classified as a trailing (lagging) indicator then it should not be any different for a near hit. This is backed up by the fact that improving safety through leading indicators can lead to reduced rates for both incidents and near hit, again reiterating their nature as lagging indicators. Manuele (2009) also had a similar view, believing that the near miss can only be considered a lagging indicator since it is no different from an actual incident except for slightly different circumstances that prevented the happening of harm or accident. On the other hand, Hinze et al. (2013) acknowledged this nature of near miss that makes it easily considered a lagging indicator. However, he discusses that the measuring and use of this indicator determines its nature as either leading or lagging. He argues that although typically near miss events are measured as lagging indicators, however utilizing this information differently could make it predictive and proactive in nature, thus turning them to leading indicators. It is useful to make use of the information collected about near misses, especially when distanced from negative connotations, which could affect reporting. Real time information provided by the near misses could give the organization greater chance to intervene, and analyze the current problems, and therefore decide on corrective actions. 
2.4.4. [bookmark: _Toc475631624]Leading Indicators in Other Industries 
The use of leading indicators is not an exclusive practice for the construction industry. Contrarily, many industries have been using leading indicators and research has been conducted to support this practice. Examples of leading indicators in different industries are shown below: 
1. Petrochemical industries: quality and backlog of maintenance; minor incidents such as leaks or spills; equipment failure rates (Grabowski et al. 2007-a)
2. Medical fields: near hit reporting in anesthesia management
3. Nuclear safety: accident precursor assessments (Grabowski et al 2007-a)
4. Offshore oil and gas and chemical and process industries: hazard identification and analyses (Tomlinson 2011)
2.5. [bookmark: _Toc475631625] Summary of Literature Review 
Traditional safety measurement techniques and safety performance evaluation are continually losing popularity due to their questionable effectiveness. The move towards more proactive and indicative measures has made its way in the construction industry as well as other industries, and that is by adopting leading indicators based safety systems. Leading indicators can be either active or passive, and should be metrics that measure events, activities, behaviors or processes that precede the occurrence of an incident. Many leading indicators have been identified by different sources of the literature. Table 2 summarizes the leading indicators in the sources studied for the purpose of this research and makes a differentiation of their nature as passive or active. 
[bookmark: _Toc475631663]

Table 2: Summary of Leading Indicators in the Literature.
	Category
	Indicator
	Passive /Active
	Source from Literature

	Contract and Design
	Contract sets minimum ratio of safety supervisors to workers
	P
	CII (2012-b); CII (2012-a).

	
	Contract imposes work hour restrictions for workers
	P
	

	
	Safety considered during the design phase
	P
	

	Owner
	Owner review and approval of safety plan
	P
	CII (2012-b); CII (2012-a).

	
	Aggressive owner promotion of jobsite safety. 
	A
	

	
	Owner safety walkthroughs
	A
	Hinze and Hallowell (2013); Salas and Hallowell (2016)

	
	Owner’s participation in worker orientation sessions
	A
	

	Contractor
	Contractor selected based on safety 
	P
	Hinze and Hallowell (2013).

	
	Utilization of contractor safety performance record in decision making concerning contracts 
	P
	Reiman and Pietikainen (2012); Guo and Yiu, 2015

	
	Contractors are trained on safety culture issues and work practices 
	P
	

	
	Participation of all contractors in safety meetings
	A
	Hinze and Hallowell (2013).

	Sub-contractors
	Number (or %) of subcontractors selected on the basis of satisfying specific safety criteria prior to being awarded the subcontract.
	P
	CII (2012-b); CII (2012-a).

	
	Participation of all subcontractors in safety meetings
	A
	Hinze and Hallowell (2013); Salas and Hallowell (2016)

	
	Subcontractor management
	A
	Hallowell and Gambatese (2013); Hallowell et al. (2013); Rajendran and Gambatese (2009).

	Vendors
/Suppliers
	Vendor safety orientation
	P
	Hinze and Hallowell (2013)

	Staffing
	Staffing for safety 
	P
	Rajendran and Gambatese (2009).

	
	Number or percent of management personnel with 10-h (or 30-h) OSHA certification cards.
	P
	CII (2012-b); CII (2012-a); Aksorn and Hadikusumo (2008)



	
	Number or percent of field employees with 10-h (or 30-h) OSHA certification cards. 
	P
	




	
Table 2 (continued)

	Category
	Indicator
	Passive /Active
	Source from Literature

	Category
	Indicator
	Passive /Active
	Source from Literature

	Substance Abuse Program
	Substance abuse program set in place and advertised to workers
	P
	Rajendran and Gambatese (2009).

	
	Percent of negative test results on random drug tests.
	A
	CII (2012-b); CII (2012-a).

	Strategic Safety Management
	Written and comprehensive safety and health plan 
	P
	Hallowell and Gambatese (2013); Hallowell et al. (2013); Aksorn and Hadikusumo (2008).

	
	Safety is  visibly and systematically considered in the organization’s ofﬁcial plans and strategy documents
	P
	Reiman and Pietikainen (2012); Guo and Yiu, (2015)

	
	Safety policy conveyed to all relevant stakeholders
	P
	Mengolini and Debarberis (2007).

	
	On-site plan based on a thorough identiﬁcation of possible accident scenarios 
	P
	

	
	The size of the safety budget 
	P
	Toellner (2001).

	
	Clear project safety authority, responsibility, and accountability; 
	P
	Rajendran and Gambatese (2009).

	Safety Training
	Safety and health orientation and training 
	A
	Hallowell and Gambatese (2013); Hallowell et al. (2013); Rajendran and Gambatese (2009); Guldenmund (2007); Salas and Hallowell (2016)

	
	Regular training on emergencies on-site
	A
	Reiman and Pietikainen (2012).

	
	Hours of safety training 
	A
	Wehle and Hinze (2009); Zohar (1980), Sawacha et al. (1999); Findley et al. (2004); Salas and Hallowell (2016)

	
	Supervisor training hours 
	A
	

	
	Number of safety training sessions completed vs. scheduled (%) 
	A
	

	
	Number of people trained 
	A
	

	
	Management/supervisor attendance at training meetings 
	A
	

	
	Number of safety trained supervisors 
	A
	

	
	Project-speciﬁc training and regular safety meetings 
	A
	Hallowell and Gambatese (2013); Hallowell et al. (2013); Salas and Hallowell (2016)

	
	Site-specific safety orientation for all managers
	A
	CII (2012-b) ; CII  (2012-a).




	

Table 2 (continued)

	Category
	Indicator
	Passive /Active
	Source from Literature

	Management and Supervision
	Management is  actively committed to involved in safety activities
	A
	Mengolini and Debarberis (2007); Reiman and Pietikainen (2012); Rajendran and Gambatese (2009); Toellner (2001).

	
	Number of management walk arounds per month,
	A
	Toellner (2001); Reiman and Pietikainen (2012);  Hinze and Hallowell (2013).

	
	Number of times safety is a topic in the management meetings 
	A
	Reiman and Pietikainen (2012); Aksorn and Hadikusumo (2008).

	
	Superior provides positive feedback on safety-conscious behavior of the personnel
	A
	

	Safety Meetings
	Toolbox safety meetings are conducted 
	A
	Toellner (2001)

	
	Number of toolbox meetings
	A
	Wehle and Hinze (2009).

	
	Percent of jobsite toolbox meetings attended by jobsite supervisors/ managers.
	A
	CII (2012-b); CII (2012-a); Wehle and Hinze (2009).

	
	Quality of participation in toolbox meetings 
	A
	Wehle and Hinze (2009).

	
	Pre-task planning meetings conducted
	A
	CII (2012-b); CII (2012-a); Rajendran (2013).

	Safety Meetings (Continued)
	Number of pre-task planning meetings 
	A
	Wehle and Hinze (2009).

	
	Attendance at safety meeting 
	A
	

	
	Explanations given of why actions suggested at toolbox talks/ pre-start meetings were undertaken or not
	A
	Biggs et al. (2009).

	
	Employees’ satisfaction with the feedback on the outcome of safety meetings 
	A
	Grabowski et al. (2007-b).

	
	Percent of jobsite pre-task planning meetings attended by jobsite supervisors/managers.
	A
	CII (2012-b); CII (2012-a); Rajendran and Gambatese (2009); Rajendran (2013);Wehle and Hinze (2009).

	Emergency Response Planning
	Adequate on-site emergency preparedness plan 
	P
	Hallowell and Gambatese (2013); Hallowell et al. (2013); Reiman and Pietikainen (2012).




	

Table 2 (continued)

	Category
	Indicator
	Passive /Active
	Source from Literature

	Hazard Identification and Corrective Actions
	Hazard identiﬁcation and risk assessments are used to develop policies, procedures and practices
	P
	Reiman and Pietikainen (2012).

	
	A systematic corrective action program is  in place to deal with deviations
	A
	Grabowski et al. (2007-b).

	
	Adequate barriers are set against the identiﬁed hazards
	A
	

	
	Employees’ perceptions of the presence of rules that make it easy for employees to identify procedures that are not safe
	A
	

	Accident Investigation and Follow up
	Accident/incident investigations conducted with procedure for investigation identified
	A
	Rajendran and Gambatese (2009); Mengolini and Debarberis (2007).

	
	Percentage of incident reports on which root cause analysis was undertaken 
	A
	Tomlinson (2011).

	
	System for follow-up of incident investigations and related recommendations exists
	A
	Mengolini and Debarberis (2007).

	
	Employees’ satisfaction with regard to follow up and measures taken after accidents, injuries and near losses
	A
	Grabowski et al. (2007-b)

	Reporting
	A clear procedure for reporting, with well-deﬁned roles and responsibilities exists
	P
	Mengolini and Debarberis (2007).

	
	Willingness to report broken safety regulations 
	A
	Grabowski et al. (2007-b).


	
	Anonymous reporting 
	P
	

	
	Workers’ perceptions of the effectiveness of the anonymous reporting system
	A
	

	
	Workers’ perceptions of the presence of a ‘no–blame’ culture in the organization
	A
	

	
	Positive incentive to report potential hazards 
	A
	Wehle and Hinze (2009).

	Near Miss
	There is a system for  analyzing  near miss events in the organization 
	P
	CII (2012-b); CII (2012-a); Hinze and Hallowell (2013); Wehle and Hinze (2009).

	
	Number of close calls (near misses) reported per 200,000 h of worker exposure
	A
	Reiman and Pietikainen (2012).

	
	Employees’ satisfaction with the feedback given  near losses that occur 
	A
	Grabowski et al. (2007-b).




	

Table 2 (continued)

	Category
	Indicator
	Passive /Active
	Source from Literature

	Safety Audits
	Auditing program set in place
	P
	Hinze and Hallowell (2013).

	
	Safety audit score calculated and monitored
	A
	Tomlinson (2011).

	
	Management/Supervisor safety audits 
	A
	Wehle and Hinze (2009).

	
	Number of Audits completed vs. scheduled (%)
	A
	

	
	Percent of safety compliance on jobsite safety audits (inspections).
	A
	CII (2012-b); CII  (2012-a).

	
	A procedure to communicate the results of audits, inspections and similar activities to the employees
	P
	Mengolini and Debarberis (2007).


When adopting any of the leading indicators summarized in Table 2, the company should make sure that the indicators are tailored and customized locally and more specifically to the organization. Leading indicators differ from one organization to the next the same way that hazards, safety system design, the organization structure and the risk levels differ. Selecting indicators randomly from literature to apply in local organizations might not be effective. Therefore, this study aims to focus on the on attributes of the construction industry as they pertain to the local case of Tennessee. Furthermore, applying these indicators without proper procedures to guarantee their success would prove ineffective and would not reflect on safety performance optimally. In order to successfully implement such indicators, the company needs to guarantee measurability, valid correlation to safety performance, ease of implementation, freedom from bias, consistency and reliability, cost effectiveness, and openness to improvement and adjustment. 



[bookmark: _Toc475631626]
Methodology
[bookmark: _Toc475631627] General Methodology Procedure 
[bookmark: _Toc420995902][bookmark: _Toc422997489][bookmark: _Toc427156472]This study aims to define and identify potential passive and active leading indicators of safety performance, especially as they pertain to the construction industry and local attributes of Tennessee. To do this, the research started with a comprehensive and thorough literature review of leading indicators in previous research. This was mainly focused on metrics in the construction industry, however other industries such as the manufacturing, mining and petrochemical industries were also investigated, and similarities to the construction industry were drawn. Using the literature review, as summarized in Table 2, and by combining indicators from different sources, 22 categories for the different leading indicators were deduced. These have 88 indicators in total. Some of these indicators were divided into passive and active within their respective sources and others where only defined as leading indicators, and thus differentiated in this study to passive or active based on the definitions of such indicators. These indicators apply to general national and international cases, and in some cases to industries besides the construction industry. The indicators where used as guidelines to create the questions of the industry questionnaire. The questionnaire was directed to local construction engineers, safety directors, or members of top management in the Tennessee construction industry, to record their personal views and perceptions on leading indicators and the utilization of these indictors in their respective organizations.  
Acknowledging the exploratory nature of the research and since most data collected will be descriptive, a judgement-based case study research will be conducted. The case study research helps understand the dynamics present in a single organization. The methodology for doing such research followed six major steps starting with the creation of the industry questionnaire and ending with conclusions and future recommendations. These are described in Figure 3.   



	
[bookmark: _Toc467684281]Figure 3: Research Methodology Diagram

[bookmark: _Toc475631628] Industry Survey
Survey research is a systematic set of methods used to gather information to generate knowledge and to help make decisions (Lavrakas 2008). According to Fowler (1984) surveys are one of the oldest tools that serve the purpose of producing quantitative and qualitative descriptions of a certain area of investigation by asking the right population. Surveys can have different forms such as telephone, face-to-face, mail, or internet-based surveys. This survey was conducted using an on-line questionnaire to simplify data aggregation.  
This survey is classified under case study research in order to investigate the specific case of Tennessee.  The analysis of results under such type of research aims to capture the experience of respondents to the survey in theoretical terms (Gioia 2013). The use of semi-structured interviews under this method means that data from multiple sources is used to obtain retrospective as well as real-time information about the case study under investigation. Guided by this method the data collected is categorized into similar categories to help find a structure for the data and consequently conclude emerging themes or explain the phenomenon at hand.  Case study research also guides the building of theories from multiple case studies by investigating patterns within a single case study as well as cross-case patterns (Eisendhardt 1989). This methodology is particularly suitable for research in which current perspectives are insufficient or they have little empirical evidence to back them up; which is the case of data of this research. In this case, case-study research is very suitable since it does not depend on previous empirical evidence or research. Under this method, it is essential that after findings are drawn from the data collected, the existing literature is examined for agreeing or conflicting theories. Once data is analyzed, similarities are drawn to the literature and differences are investigated to increase confidence in the data as well as increase the internal validity of the concluded findings. 
3.2.1. [bookmark: _Toc475631629]Data collection tool: The Questionnaire 
Survey questionnaires have been widely used in safety management related studies both in construction and other industries (Mengolini and Debarberis 2007; Hinze and Hallowell 2013; Mearns et al. 2003; Choudhry & Zahoor 2016; McDonald et al. 2000). For this study, a questionnaire was developed in order to acquire perceptions and ideas of respondents about the used leading safety indicators in their companies. The questionnaire is based on 84 leading indicators for which representatives of the industry provide their judgement on the utilization of these indictors. 
The questionnaire was administered using Qualtrics®, a surveying tool that allowed online collection of responses. The survey was distributed to representatives of 286 companies in Middle and East Tennessee classified as contractors, consultants, specialty contractors and suppliers. These are members of the Associated General Contractors of Tennessee. All representatives were senior local construction engineers, safety directors, or members of top management of their respective firms. In order to improve the external validity of the study, different types of organizations and projects were investigated, with the companies varying in terms of their types of services, project sectors, and size (by revenue and number of employees). The projects targeted are both completed and ongoing, and included commercial, residential, infrastructure, heavy industrial and other sectors projects. 
The development of the questionnaire followed a process described by Brancato et al. (2006) who suggests that a questionnaire development process must undergo a conceptualization stage before the design of the questionnaire in order to ensure reliability and validity or the data collection tool. These stages are described in the sections below.
3.2.1.1. Conceptualization 
The conceptual design of the questionnaire, according to Brancato et al (2006), needs to start with the integrating of information from a thorough literature review and comparable surveys. Accordingly, this questionnaire was developed with guidance from leading indicators identified in the literature review. This phase also involves choosing the target respondent groups appropriate to the investigation. The survey was distributed to representatives of 286 companies and all representatives were senior local construction engineers, safety directors, or members of top management to ensure familiarity with the project being studied. 
In order to improve the external validity of the study, different types of organizations and projects were investigated, with the companies varying in terms of their types of services, project sectors, and size (according to revenue and number of employees). In particular, for company size, and due to significant variations between different respondents, categories are made as to allow valid comparisons. The projects targeted are both completed and ongoing. They employed between 5 and 220 workers, and included commercial, residential, infrastructure, heavy industrial and other sectors. The contract types and the delivery methods for the projects also varied between Re-measured, Lump Sum and Cost-Plus for the former, and Traditional (Design-Bid-Build), Design Build, Turn-key, Construction Management for the latter. 
3.2.1.2. Developing the Questionnaire
Alwin (1987) defines a questionnaire to be a method for the elicitation, recording, and collecting of information from group of respondents. This information is gathered using different types of questions. According Brancato et al. (2006) survey questions can be divided into four main types: factual, behavioral, opinion and hypothetical questions. Factual Questions are fact-based questions that require the respondent to provide facts rather than an opinion. These include demographic questions and knowledge questions. As for behavioral questions, these require information about the activity or behaviors and attitudes of the respondent. The third type, which is opinion-based questions, are questions that seek to measure subjective opinions. Finally hypothetical questions, which ask the respondents to assume the occurrence of a certain situation and answer a “what would you do if?” kind of questions.  In this research, factual questions were used mainly in the industry survey; demographic factual questions were used to collect background information about the respondent and the organization, and knowledge questions were used to collect facts about the strategies, activities and policies of safety practices in the company. 
3.2.1.3. Questionnaire Design
The questionnaire was designed to include an introductory section and two main sections. These sections are described below. The questionnaire is provided in appendix 1.  
A. Introductory section
Pursuant to sources such as Brace (2008), an introductory session (or a cover letter) was added to the questionnaire to explain the background of the research and instructions. The introductory section covered background information about the research topic and the reason for its significance. It also requested the response to the survey highlighting the valuable input of the respondents to the goals of the research. Finally, the section discusses the confidentiality of the information provided and gives the respondents a chance to receive the results of the study to encourage involvement in the research. According to Odom (1979), identifying the authority of the organization conducting the research and insuring confidentiality is very important to improve response rates.
B. Section 1: Background Information
This section covered background information about the respondent, organization and the project in which the respondent is working. The section included three sub-sections: Respondent Data, Company Profile and Project Profile. 


i- Respondent Data 
Respondent background information included name, position and years of experience among others. Questions (I.4) and (I.6) cover the position and years of experience of the respondent, respectively. These were used to ensure that the respondent matches the selection criteria. The respondent had to be a senior construction representative, and it was assumed that a minimum of 5 years of experience is reasonable for reliable perspective and responses to the survey. The position of responsibility of these representatives was important to ensure familiarity with the project being studied.
ii- Company Profile 
As for the company profile, question (II.1) covered information about the service category of the company (owner, contractor, consultant…). This was to conclude different safety strategies and activities followed by the different stakeholders in a construction project. In addition, several questions covered the size of the company such as revenue (II.3) and number of workers (II.4 and II.5). Getting feedback on the size of the company was important in order to control variation due to size differences to ensure validity, as well as investigate any differences in implementation of leading indicators with size. This survey also asked for lagging indicators data used by the organization to assess safety performance. Two OSHA rates are collected: TRIR and DART. Collecting this information was important to understand the safety performance of the companies, and whether or not their implementation of leading indicators has affected their safety performance. 
iii- Project Profile
Finally, the Project Profile section covered the sector, delivery method, and contract type of the project. It also asked for information such as the contract price, status as it pertains to budget and schedule and number of workers. The external validity of the survey was ensured by seeking a sample of a variety of project types. 
C. Section 2: Safety Indicators
Section 2 of the questionnaire was developed in order to collect information on the potential leading indicators that are utilized in the respondents’ companies. According to Dillman (2006) a well-designed questionnaire arranges questions of the same topic together, therefore the questions in this questionnaire were divided into 11 major categories: A, B, C, D, E, F, G, H, I, J, and K as described in Table 3.  
The 11-factor classification was not only based on conceptual grouping, but was also guided by consensus and repetition of these categories as the most influential in the industry in over 20 related studies (covered in the summary to literature review section 2.5). These categories were also the results of Factor Analysis (FA) and Principal Component Analysis (PCA) in previous research. For instance, Categories A,C and G appeared significant in the FA results of Aksorn and Hadikusumo (2008). Categories D,E,F,I and J were major factors in Zohar (1980), Sawacha et al. (1999) and Findley et al. (2004). In addition, PCA in Guldenmund (2007), Salas, and Hallowell (2016) verified very similar factors. Consequently, these factors were adopted in this study and the selected grouping was checked with consistency and reliability testing as shown in the forthcoming sections of this paper. 
These categories were grouped to cover all 22 sub-categories concluded from the literature review (summarized in Table 2). The questions of this section were mostly 5-point Likert scale questions (with options Strongly Agree’, ‘Somewhat Agree’, ‘Do not Know/No Opinion’, ‘Somewhat Disagree’ and ‘Strongly Disagree’), developed based on the most repeated indicators in the comprehensive literature review. The investigation identified 84 different leading indicators (31 passive and 53 active indicators), all of which have many of the required characteristics described in the literature for an effective indicator.
It is worth noting that researchers have debated whether adding a ‘Do not Know’ option serves better collection of data. For the purpose of this research, choosing to add this option comes from persuasion that adding such option encourages respondents without information to admit it (Schuman & Presser, 1981). Moreover, a few sections had follow-up questions asking for numbers and statistics. These are numeric open-ended questions (Trochim, 2000), which required the respondent to provide an open numerical answer. Examples of these open-ended questions are found in questions A.2.3 or A.2.4 among others. 

[bookmark: _Toc475631664]

Table 3: Description of Questionnaire's Section 2 Categories
	Category
	Title
	Sub-categories and Questions

	A
	Company’s Strategy for Safety Management
	2 sub-categories 
Total of 10 questions 

	B
	Safety in Contract Documents and Stakeholders Responsibilities
	4 sub-categories 
Total of 18 questions 

	C
	Management and Supervision Commitment
	No sub-categories 
Total of 6 questions 

	D
	Safety Training and Orientation
	No sub-categories 
Total of 6 questions

	E
	Site Investigations
	5 sub-categories 
Total of 21 questions 

	F
	Safety Meetings
	No sub-categories 
Total of 8 questions

	G
	Workers' Authorities
	2 sub-categories 
Total of 6 questions 

	H
	Substance Abuse Program
	No sub-categories 
Total of 3 questions

	I
	Housekeeping
	No sub-categories 
Total of 4 questions

	J
	Personal Protective Equipment (PPE)
	No sub-categories 
Total of 2 questions

	K
	Record Keeping
	No sub-categories 
Total of 2 questions


[bookmark: _Toc475631665]The questionnaire aims to identify both passive and active leading indicators. The questions built from the literature review covered 31 passive leading indicators and 53 active leading indicators. The questions relate to passive or active indicators as shown in Table 4.
Table 4: Questions Related to Active and Passive Leading Indicators
	Category Questions
	Passive Indicators 
	Active Indicators

	Category A 
	A.1.1., A.1.2., A.1.3., A.1.4., A.1.5., A.1.6., A.2.1., A.2.2., A.2.3., 
A.2.4
	

	Category B 
	B.1.1., B.1.2., B.1.3., B.1.4., B.1.5., B.1.6., B.1.7., B.1.8., B.2.1., B.3.1., B.3.2., B.4.1., B.4.2., B.5.1., B.5.2
	B.2.2., B.2.3., B.3.3., B.4.3.

	Category C 
	C.1.1., C.1.2., C.1.3., C.1.4., C.1.5
	

	Category D
	
	D.1.1., D.1.2. , D.1.3. , D.1.4., D.1.5., D.1.6.

	Category E 
	E.3.1., E.5.1., E.5.2
	E.1.1., E.1.2., E.1.3., E.1.4., E.2.1., E.2.2., E.2.3., E.2.4. , E.3.2.  , E.3.3., E.3.4. , E.3.5.  , E.4.1.  , E.4.2.  , E.4.3. , E.4.4.  , E.4.5., E.5.3. 

	Category F
	
	F.1.1., F.1.2. , F.1.3., F.1.4., F.1.5., F.1.6., F.1.7., F.1.8

	Category G 
	G.1.1., G.1.2
	G.1.3., G.1.4.  , G.1.5., G.2.1.

	Category H 
	H.1.1.
	H.1.2., H.1.3.

	Category I 
	I.1.1.
	I.1.2., I.1.3. , I.1.4

	Category J 
	J.1.1
	J.1.2.

	Category K 
	
	K.1.1, K.1.2.   


3.2.2. [bookmark: _Toc475631630]Sampling of Respondents
According to Ledy and Lemeshow (1999) developing a sampling plan for the survey is a vital step to survey design. This plan is the methodology that will be used to select the sample from the population. It describes how the sample will be selected, how the sample size will be determined and what media will be used to administer the survey. 
3.2.2.1. Sampling Method
As summarized in Mugo (2002) Sampling in Research Web Tutorial, sampling types vary between simple random sampling, systematic sampling, stratified sampling, cluster sampling, convenience sampling, judgement sampling, and purposeful sampling which include snowball or chain sampling and intensity sampling amongst several others.  For the purpose of this research, stratified sampling was used.  In a stratified sample, the population can be grouped into different strata according to certain characteristics or variables. In this type of sampling, the strata share at least one common characteristic on which the probability sample is selected with simple random sampling (Stopher and Meyburg 1979). In the case of this questionnaire, attempts were made to divide respondents into different categories to represent all sectors of the construction industry. The initial list of the population divided the respondents according to service provided (contracting, consulting, others). To ensure sufficient representation of the different strata, it was confirmed the number of respondents in each strata in the received sample size represents at least 10% of the strata’s corresponding members in the original pool. For the 286 firms of the AGC members’ directory; the selection included 89 general contractors, 42 consultants and engineers, and 155 others varying between suppliers, specialty contractors and owners. 
3.2.2.2. Sample Size 
The literature defines several methods to select the most suitable sample size and ensure that it is representative.  Salant and Dillman (1994) define the selection of sample size through identifying desired response rates, and level of accuracy for the survey. Other sources suggest a range of sample sizes such as Fowler (1995) who suggests a sample size of 15–35, and Sudman (1983) with a range to 20 to 50 respondents. Others also support the acceptability of the smaller ends of sample sizes for questionnaire-based research and descriptive analysis. For instance Sheatsley (1983) suggests that a 10–25 sample size is acceptable, while Converse and Presser (1986) support a range of 25 to 75 persons. Furthermore many scholars agree on a rule of thumb of 10% of the investigated poplulation to be a representative sample size. Alreck & Settle (1995) state that it is rarely necessary to sample more than 10% of the target population, while Gay & Diehl (1992), also agree that for descriptive, correlational or experimental studies 10% is sufficient.
For the purpose of this industry survey, the questionnaire targeted a known population defined as the representatives of the construction industry in Middle and East Tennessee. The population size is 286 organizations, as taken from the directory Association of General Contractors of Tennessee (AGC). From the literature above, a sample size exceeding 10% of the data is 29 respondents, and falls within acceptable ranges discussed above will be accepted. Further, to have more confidence in our sample size, the equation for finding sample size for estimating the population mean when the variance (  ) is known, using the z-statistic score will be used once the data is obtained to find the sample size. The equation below is used to obtain the sample size to estimate population mean. This is for normally distributed data or for small sample sizes of 30 or less (Ott and Longnecker 2001).



Where,	
n: minimum sample size
	z: standard normal deviation (at 95% confidence level, z = 1.96)
	d: acceptable standard error of mean
	s: population standard deviation 
	s’: sample standard deviation (Standard deviation for each question)
n’: available sample size (in this case available population= 286)
It is important to note that using the equation above is conditional upon having normally distributed data. However, even if data is not normally distributed, assumptions of normality usually yield a larger sample size and thus are more conservative (Ott and Longnecker 2001), therefore this equation will be used with the data regardless of the distribution to give conservative sample sizes. This will be revisited in the data analysis section (in section 4.1.1). 
Further confirmation of the sufficiency of the sample size will be done following the reasoning of Saaty (1980) and Salman et al. (2007). This follows the Chebyshev’s theorem, which determines the acceptability of a data set. In order to be acceptable, at least 75% of the data set must lie within the range of (mean ±2*standard deviations), and at least 89% must lie within (mean ±3*standard deviations). The responses received were checked for this criterion. 
3.2.3. [bookmark: _Toc475631631]Administering the Questionnaire 
According to Dillman (2006), administering the survey should involve:
· Sending out the questionnaire through the chosen media.
· Follow-up emails should be sent for potential respondents who have not yet provided a response.
For this research, the questionnaire was sent by email as a link -created by Qualtrics®- to the representatives of the construction members of the AGC as provided in the directory. Follow-up emails where initially conducted, then later complemented with follow-up calls, with a one-week gap between the follow-ups to encourage greater participation. 
3.2.4. [bookmark: _Toc475631632]Received Responses and Data Cleaning 
According to Cole (2008) on how to deal with missing data and Dasu, T., & Johnson, T. (2003) on exploratory data mining and cleaning, eliminating cases or participants from the survey should be a careful and deliberate process. Listwise deletion is when a response that has any data that is missing is deleted, only responses with all questions answered are used, this is a very conservative approach. On the other hand, pairwise deletion is when a response is deleted if the data missing is for a variable in the analysis of interest, so the response is kept in the data set and for the variables where the data is missing, that response is eliminated and the sample size is reduced by the number of responses removed. For this case study  the data was cleaned according to completeness of the survey, and whether or not sufficient questions have been answered. Pairwise deletion was used in cases where surveys were sufficiently completed but are missing responses to some questions. The response with missing data was eliminated in the analysis of the variable for which the response is missing. 
3.2.5. [bookmark: _Toc475631633]Data Processing and Statistical Analyses
In order to analyze the results of the survey, both qualitative and quantitative analysis should be employed. Both types of analyses are important to investigate the research objective and answer its questions. Qualitative data analysis is concerned with the meanings of the responses and processes; the analysis in this case is aims to understand the respondents’ perspective and is done by themes, grouping and inferences about the respondents’ input. Quantitative analysis on the other hand, involves numerical comparisons and statistical inferences with emphasis on correlations and causal relationships (Israel 1992). Qualitative and quantitative data analysis should be used together to complement each other and understand the research question more fully (Prake 2012).
Since the data collected was mostly numerical, with little open-ended or text questions, the analysis was heavily quantitative and mainly focused on descriptive statistics of such quantitative data. Qualitative description of data was utilized for cases of non-scaled questions and demographic information. Statistical analysis was performed using a program called Statistical Package for the Social Sciences (SPSS®) for Windows. Figure 4 shows the sequence of data analysis that was taken for this research.
The survey included 74 Likert scale questions. Clason and Dormody (1994) described the difference between Likert-type items and Likert scales. Likert-type items are identified as single questions that use some variation of the Likert response options in this form, the researcher has no intention to combine the responses from the items to a combined scale. Contrarily, Likert scale has more than one Likert scale item with the purpose of combining them to composite variables when doing the data analysis. It is then noted that the questions used in this survey are Likert scale questions, which means that descriptive statistics used for this type of questions include using the mean for central tendency and standard deviation for variability. 
	When making conclusions and statements from the analysis of Likert scale data, awareness is maintained of the debate on treating Likert scales as continuous data. Despite the longstanding disagreement amongst scholars on how to treat such data, many sources support the careful analysis of Likert scales as continuous/interval data (Norman 2010; Baker et al. 1966; Marcus-Roberts and Roberts 1987; Suppes 1959). The main argument against treating Likert scale results as continuous comes from the lack of known and equal spacing between the options. Scholars have always frowned upon taking averages of such results, as Kuzon et al. (1996) puts it, one cannot express the mean of a Likert-response item as “Strongly Agree and a half”. Accordingly, and keeping the above in mind, any conclusions and trends from means in this research did not make such statements, but were rather targeted at comparisons. This approach follows the recommendations of researchers like Marcus-Roberts and Roberts (1987) and Suppes (1959). Both of these sources state that calculating the means and variances is always appropriate for scales, but the conclusions and statements made from these values determine their appropriateness. They assert that statements like "the. mean for Group I on Variable X is greater, than the mean for Group II on Variable X" are appropriate and useful, while other statements such as “the average for this group is an agree average”, is not appropriate. 
Other statistical analyses that could be used are Pearson’s associations, analysis of variance (ANOVA) and t-tests for correlations. The type of the statistical analysis will also depend on the distribution of the data. If data is not normally distributed, some sort of non-parametric alternatives will need to be used. 
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3.2.5.1. Reliability Measures 
Reliability measures are used to assess the internal validity and consistency of the survey questions. The reliability is usually expressed in terms of Cronbach’s Alpha which ranges between 0 and 1. Most sources agree that a Cronbach’s Alpha of 0.7 or higher indicates high reliability (Van den Broeck et al 2005). Other sources such as Alwin (1987) suggest that the reliability within the sections of the survey should be 0.6 or higher, and for the whole survey 0.8 or higher. 
The Cronbach’s alpha was found for the whole survey, and within the categories of section 2. This measure is important in order to realize whether or not the theoretical grouping of the variables together based on the literature and the understanding of these variables, is in fact consistent numerically. Cronbach’s alpha was also used to decide whether or not the different questions in each category can be combined into a single variable. For example, for category A describing “Company Strategies for Safety Management”, if all questions show a reliability measure of 0.6 or higher, a new composite variable called Group A is created, representing the mean of all 10 questions in category A. If the reliability measure is not sufficient, questions affecting the reliability may be eliminated if that could be reasonably justified. Combining each category into a single variable, and assuming all categories achieve sufficient internal consistency, will result in having a total of 11 composite variables that describe safety practices of each respondent. These will later be used for further analysis.
3.2.5.2. Descriptive Data Analysis 
Descriptive analysis is important to describe data and allow for easier interpretation. Descriptive Statistics to be included in the analysis are: measures of central tendency (mean, median, and mode), measures of variability (variance and standard deviation), distribution of the data and indices for normality (tests for normality, skewness and kurtosis measures). Indices of normality are not only important for better understanding patterns in data, they are also deciding factors on the types of tests to be used for difference in proportions/means and analysis of variance as well as correlations between any two variables. The skewness and kurtosis are examined for each of the variables, the acceptable range for skewness or kurtosis .-1.5 to 1.5 to safely assume normality (Tabachnick & Fidell, 2013). The test for normality is confirmed more reliably using the Shapiro-Wilk Test for Normality (Shapiro and Wilk 1965). This test calculates a statistic that tests whether a random sample follows a normal distribution. Small values of this statistic are evidence that the distribution is not normal. SPSS® will be used to find the significance level of this test to determine whether the data is normally distributed or not. 
3.2.5.3. Estimates of Difference in Proportions 
After conducting the Shapiro-Wilk test of normality, the method to compare the data means can be determined. For normally distributed data, two sample t-tests can be conducted. Alternatively, if the data is not normally distributed, a nonparametric alternative for two-sample t test needs to be used. The Wilcoxon rank sum test, and its equivalent Mann-Whitney tests are used in cases where the conditions of normality and equal variances are not valid, and the sample size is small so that the t-test would not produce accurate results (Ott and Longnecker 2001). The Mann-Whitney test was used in this research, as an alternative test to the independent sample t-test, for comparisons of answers for the different safety practices amongst the different respondent groups. An equivalent test called Kruskal Wallis Test performs the same function as Mann-Whitney test for comparison of more than 2 independent samples. This was used to compare means amongst different size groups of the respondents. The size of the company was investigated by number of employees and by annual revenue; these were grouped into 3 different size categories. Comparison was also done for results of respondents in different service groups (contractors, owners, consultants, etc.) The comparison in terms of service category can only be conducted on respondents who did not provide multiple answers for these questions to abide by the assumption of independence for this test. 
3.2.5.4. Correlations 
Correlations aim to find the strength of relationships between two variables. The most common correlation method is Pearson’s Correlation, which assumes that there is a linear relationship between the variables and the underlying normal distribution for the data. If data is not normally distributed, an alternative to Pearson’s Correlation needs to be used. Kendall’s Correlation produces a coefficient value between -1 and 1 to indicate the strength of the relationship between the variables. A zero value of the coefficient shows no relationship between the variables (Kendall 1990). SPSS® is used to find these correlation coefficients and the significance for this test. A significance level of 0.05 is used in this research to determine whether or not a correlation is significant. 
The main aim for using correlations was to find out if there is a gap in understanding of systems of leading indicators in safety. This was done by investigating whether or not there is correlation between question A.1.1 of the survey (asking whether the respondent’s company implements leading indicators) and the rest of the practices. From the literature review, leading indicators are surrounded by lack of knowledge and confusion, therefore it was expected that the use of some leading indicators would not correlate with whether or not a company implements a leading indicator system. A lack of correlation would indicate that an insufficient number of respondents have compatible answers to question A.1.1 compared to the investigated indicator (i.e. If answered Yes to A.1.1 they would answer the same to using the investigated practice, or vice versa).  A company could be using a practice without prior knowledge that it constitutes a leading indicator or a company could be using leading indicators but not implementing those practices. The correlation analysis will aim to highlight these discrepancies.
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Results and Data Analysis
The purpose of this chapter is to outline the results of the survey and analyze the received responses as per the methodology order described in chapter 3. The results were investigated in order to fulfill the different objectives of this research by following the chronological order of methodology phases described in Figure 3 and Figure 4. 
4.1. [bookmark: _Toc475631635]The Database of Respondents
The total number of responses received for the survey was 53. This corresponds to a response rate of 18.5%.  After data cleaning, it was found that 20 of these 53 responses only answered section 1 which is the demographics and background section. Three other responses answered very few questions from section 2 covering only sub-sections A and B in section 2, with several missing responses in the demographics section. It was chosen to eliminate these 23 responses, because they have completed less than 30 percent of the whole survey. The net surveyed sample used in the data analysis and interpretation was 30 responses. The counted 30 responses varied in level of completeness but all have completed over 80 percent of the survey. Pairwise deletion was used in this case, where the response with missing data is eliminated in the analysis of the variable for which the response is missing. After data cleaning, the effective response rate of 10.5%. 
4.1.1. [bookmark: _Toc475631636]Sampling and Sample Size
As described in the methodology, stratified random sampling was used. In this case the sample is stratified since it had respondents that fell under different categories of service. The 30 usable surveys were received from respondents who are representatives of the AGC classified as contractors, consultants, specialty contractors and suppliers.  
The survey targeted local companies in East and Middle Tennessee, and 19 responses were received from East Tennessee, while the remaining 11 were from Middle Tennessee. The respondents varied between owners, general contractors, consultants and other trades such as MEP subcontractors. These worked in various project sectors, mostly commercial and infrastrucure, but also included residential and heavy industry. The companies ranged in size by annual revenue between $500K and $12B, and they employed a range of 2 to 25,000 emloyees. The projects ranged in contract value between $230K, and $184M. At the time of the survey the mean percentage of completion for all projects was 53%, with some projects just starting at 2% completion and some already completed fully. Those that were just starting were expected to be completed before the fourth quarter of 2019. The majority of the projects were on schedule and on budget, 2 projects suffered from delays, and only 2 were over budget.  As for contactual arrangements, 20 of the 30 projects were Lump Sum projects while the rest were equally divided between Cost Plus and Re-measured. Also the projects show an equal divide between two major delivery methods, those being traditional delivery method (Design-Bid-Build) and Contrsuction Management, with a few Design Build and Turnkey projects. 
The 30 responses received, combine responses from representatives of the field with 606 years of collective experience. All respondents held senior positions in their companies, and 82% of them had over 15 years of experience in construction. It is worth noting that a recent study by O’Connor and Woo (2017) used a sample size of 36 for one of its questionnaires for a national study, with collective years of experience for respondents being 546 years. This gives confidence in the quality of the responses received.
Verifying the adequacy of the received responses as a representative sample size is an important aspect to the survey. According to the literature sources cited in the methodology section (section 3.3.3.2), the sample size collected of 30 respondents lies within acceptable ranges and follows the rule of thumb being greater than 10% of the targeted population (Sudman 1983; Sheatsley 1983; Gay & Diehl 1992; Fowler 1995; Alreck & Settle 1995). Additionally, to ensure sufficient representation of the original population’s strata, it was confirmed that the 30 received responses of 6 consultants, 16 general contractors and 15 others, with some respondents falling in more than one category, represent more than 10% of the original population strata as described in section 3.2.2.1. 
Furthermore, a confirmation of the adequacy of the sample size is done using the equation for finding sample size for estimating the population mean when the variance (  ) is known, using the z-statistic score. If the total population were to answer the 74 scale questions, each of the questions could have a different standard deviation. Therefore, it is assumed that the sample standard deviation is equal to the population standard deviation. In this case, the equation is applied to every question in the survey (each having its own standard deviation) and the minimum number of respondents required to answer each question was obtained. The equation was applied to several values of acceptable standard error of mean and the results are shown in Table 5. Accordingly, if our desired margin of error is around 10% (between 10% and 12.5%) or more, the current number of respondents represents a good sample size. 
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Table 5: Acceptable Sample Sizes for Different Margins of Error
	Margin of Error in Percent
	Acceptable standard error of Mean
	Range of Number of Required Responses
	Average

	12.50%
	0.5
	from 3 to 41
	20

	10.00%
	0.4
	from 5 to 65
	31

	7.50%
	0.3
	from 10  to 115
	56

	6.25%
	0.25
	from 14 to 166
	80

	5.00%
	0.2
	from 21 to 259
	126



Moreover, the means of the responses were investigated for acceptability following the reasoning of Saaty (1980) and Salman et al. (2007). This follows the Chebyshev’s theorem, which determines the acceptability of a data set. In order to be acceptable, at least 75% of the data set must lie within the range of (mean ±2*standard deviations), and at least 89% must lie within (mean ±3*standard deviations). On average, 92.2% of the data received for all the questions in section 2 of the survey lied within 2 standard deviations from the mean, and over 96.2% lied within thrice the standard deviation from the mean.  
4.1.2. [bookmark: _Toc475631637]Comparable Response Rates and Sample Sizes in the Literature
The response rate for this questionnaire is comparable to the rate other studies on safety culture and management, as well as other construction management studies (ex: 8% and 9% in Salman (2007), 8.75% in Hanna (2017), 8% in AlQady and Kandil (2013), 9.37% in Price and Shawa (1997), 11.4%, 12% inLi et al. (2005) Jin and Zhang (2011), 13.02% Yuan et al. 2009; 13.3% in Jaselskis et al. 1996). 
Furthermore, leading safety researchers have used comparable sample sizes for exploratory studies of this nature done on a national and international scale. For instance CII led research Measuring Safety Performance with Active Leading Indicators (2012-b) used responses from 57 construction projects representatives from across the United States. Similarly, Hinze and Hallowel (2013) based their work on the aforementioned CII research and further reduced the sample size to 28 responses. Marks et al. (2014) used a sample size of 75 for their interview-based study on near miss reporting for a target population of over 700, 000 people. Further, Jaselskis et al. (1996) used 60 survey responses for a 400 target population in order to study most effective strategies in construction safety performance. When realizing that the response rates and sample sizes for the aforementioned studies were attempting to generate conclusions about the industry on national levels, this provides confidence that the response the received sample is sufficient for a state based study.
4.2. [bookmark: _Toc475631638] Reliability Measures
As described in chapter 3 (section 3.3.5.1), the reliability measures of Cronbach’s alpha are measured and assessed for the entire survey to check for internal consistency, for the questions within each category to verify that the grouping is valid and consistent, and to create new composite variables for the categories with sufficient validity, that will be later used in further analysis. 
Cronbach’s Alpha for the Whole Survey 
The reliability measure is assessed for the entire survey. The survey included 74 scale-type questions, for which Cronbach’s alpha is calculated using SPSS® as shown in Table 6 below.
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Table 6: Reliability Measure for Entire Survey
	Cronbach's Alpha
	N of Items

	.982
	74



Since Cronbach’s alpha is greater than 0.8 then the internal consistency and reliability of the whole survey is sufficient.
Cronbach’s Alpha within Each Category 
The reliability measures of the questions within categories of the survey shown in Table 7 indicate that the internal consistency is acceptable, and the grouping/categorization chosen during the literature review and devising the survey phase is reliable; Cronbach’s alpha turned out to be greater than 0.6 within each category. After confirming the reliability, further statistical analysis can be made on the data as done in the following sections. 

[bookmark: _Toc475631668]Table 7: Reliability Measures for Survey's 11 Categories
	Category
	Title
	Description
	Cronbach’s Alpha

	A
	Company’s Strategy 
for Safety Management
	2 sub-categories: A.1. Strategies and Policies, and A.2. Staffing for Safety. The category had a total of 10 questions, 7 of which were closed scale type questions
	0.897

	B
	Safety in Contract Documents and Stakeholders 
Responsibilities
	5 sub-categories: B.1 Contract and Design, B.2.Owner, B.3. Contractors, B.4. Sub-Contractors, B.5. Vendors/Suppliers. The category had a total of 19 questions all of which are scale questions. 
	0.931

	C
	Management and Supervision 
Commitment
	No subcategories and a total of 5 questions, 4 of which were scale questions. 

	0.828

	D
	Safety Training 
and Orientation
	no subcategories and a total of 6 questions all of which were scale questions
	0.892

	E
	Site Investigations
	5 sub-categories: E.1. Hazard Identification and Corrective Actions E.3. Safety Audits, E.2. Accident Investigation and Follow up, E.4. Workers' Observation, and E.5. Near Miss Investigation. The category included 21 questions, 16 of which were scale type questions. 
	0.949

	F
	Safety Meetings
	No subcategories and a total of 8 questions. 
	0.89

	G
	Worker’s Authority
	2 sub-categories: G.1. Reporting of incidents, accidents or potential hazards, G.2. Stop Work Authority. A total of 6 questions. 
	0.69

	H
	Substance Abuse 
Program
	No subcategories and a total of 3 questions. 2 of which were scale questions  
	0.715

	I
	Housekeeping
	No subcategories and a total of 4 questions, all of which were scale questions  
	0.714

	J
	Personal Protective Equipment
	No subcategories and a total of 2 questions, both being scale questions 
	0.743

	K
	Record Keeping
	No subcategories and a total of 2 questions, both being scale questions  
	0.885
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4.3. Descriptive Data Analyses 
4.3.1. [bookmark: _Toc475631640]Section I: Demographics 
The survey was answered sufficiently by 30 respondents. The respondents were from different geographic locations, different job positions and years of experience. The respondents also represented companies in different service sectors, different project types and different sizes. These divisions and variations are described in the sections below.  
4.3.1.1. Respondents Background
· Geographical Location 
All respondents had companies based in Middle or East Tennessee. The companies did not necessarily work on projects exclusively in Tennessee, but they were considered local, for the purpose of this research, based on the location of the contacted office. Of the 30 respondents, 19 were based in East Tennessee while the remaining 11 were in Middle Tennessee. 
· Job Position 
All respondents carried senior positions in the companies they represent. This was important to ensure that the respondent has sufficient information about the project and the company policies to give an accurate view on safety practices in their companies. The division amongst the job positions and the frequencies are shown in Table 8. 

[bookmark: _Toc475631669]Table 8: Frequencies of Respondents by Job Position
	Number
	Job Position
	Responses
	Percent

	1
	Safety Director/Manager/Admin
	12
	40%

	2
	President/CEO/Vice President/Owner/Partner
	9
	30%

	3
	Project Manager/Executive/Senior Site Eng.
	9
	30%

	Total
	30
	100%



Years of experience
The years of experience of the respondent was important to ensure the familiarity of the respondent with the safety system of the company and knowledge about its policies and strategies. The minimum experience obtained was 3 years, while the maximum was 45, with an average of 20.2 years of experience for all respondents. 82.1% of all respondents had 15 or more years of experience. The collective experience was 606 years. 
4.3.1.2. Company Profile
Service Category 
Respondents represented companies of different services that fall into one of the six categories provided in the survey. The categories are: Owner, Consultant, General Contractor/Construction Management, MEP Trade, Suppliers and Other trades. The respondents could select more than one category, as it is common that a company can provide more than one of these services. The frequencies amongst these categories are shown in Table 9 below. 

[bookmark: _Toc475631670]Table 9: Company Service Category Frequencies
	Number
	Service Category
	Responses
	Percent

	1
	Owner
	8
	26.67%

	2
	Consultant
	6
	20.00%

	3
	GM/CM
	16
	53.33%

	4
	MEP Trades
	1
	3.33%

	5
	Supplier
	1
	3.33%

	6
	Other trade*
	5
	16.67%

	
	Total
	37
	123.30%*


*Other trades included services such as traffic control, and subcontractors.
*Note: The percent of cases do not add to a 100% because this is a multiple answer question

The respondents were mostly general contractors, with 2 respondents falling under both the owner and contractor categories. Of the 8 owners, 3 were also consultants.  For the purpose of simplicity of analysis, the number of categories was reduced to 4 instead of 6, and those under MEP trades and suppliers were combined to other trades. The new division is shown in Table 10. These were the categories that were used for comparison of means. 

[bookmark: _Toc475631671]Table 10: Company Service Frequencies after Adjustment
	Number
	Service Category
	Responses
	Percent

	1
	Owner
	8
	26.70%

	2
	Consultant
	6
	20.00%

	3
	GM/CM
	16
	53.30%

	4
	Other Service
	7
	23.30%

	Total
	37
	123.3%*


*Note: The percent of cases do not add to a 100% because this is a multiple answer question

Company Project Sectors
Respondents represented companies that had projects in different sectors of the construction industry, these fall into one of the 5 categories that were provided in the survey for them to choose form. The 5 sector categories are: Residential, Commercial, Infrastructure, Heavy Industrial and Other trades. The respondents could select more than one category, as it is common that a company can have projects in more than one sector. The frequencies amongst these categories are shown in Table 11.
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Table 11: Company Projects Sector Frequencies
	Number
	Sector Category
	Responses
	Percent

	1
	Residential
	5
	16.67%

	2
	Commercial
	22
	73.33%

	3
	Infrastructure
	12
	40.00%

	4
	Heavy industrial
	3
	10.00%

	5
	Other Sector
	3
	10.00%

	Total
	37
	155.20%


* Other sectors included Utilities, Water & Wastewater and Solar energy installation
Note: The percent of cases do not add to a 100% because this is a multiple answer question

The respondents’ companies were mainly involved in commercial projects, followed by infrastructure and then industrial projects. Of the 22 respondents who were involved in commercial projects, 19 were involved in other projects such as infrastructure or residential. Also for the purpose simplicity in comparisons, the categories heavy industrial and other sectors are combined into a single category of other sector, and the adjustment of division and frequencies amongst the sectors is shown in Table 12. These categories were used for comparison of means.

[bookmark: _Toc475631673]Table 12: Projects Sector Frequencies after Adjustment
	Number
	Project Sector
	Responses
	Percent

	1
	Residential
	5
	17.20%

	2
	Commercial
	22
	75.90%

	3
	Infrastructure
	12
	41.40%

	4
	Other Sector
	6
	20.70%

	Total
	45
	155.20%*


*Note: The percent of cases do not add to a 100% because this is a multiple answer question

Company Size
It is important to ask about the size of the company for two purposes: first for the fair and valid comparison between the different respondents. Comparing companies within a reasonable size difference improved the internal validity of the statistical inferences made from the data. Second, this will answer an important aspect to the research, and that is whether the size of the company affects its approach to safety performance, and changes its safety practices. For this purpose, the respondents were asked to return the company’s annual revenue as well as the size of the employee pool. The grouping for the different sizes is done as follows: 

Size by Revenue
All respondents answered this question.  The maximum revenue was $12B, while the minimum revenue was $500K. The average revenue amongst all 30 was $885,453,333. It was decided to group the companies by revenue into three different size categories, small, medium and large size. Based on these divisions the respondents fell under these categories as shown in the frequency Table 13. 

[bookmark: _Toc475631674]Table 13: Company Size by Revenue Divisions and Frequencies
	Firm Size Category
	Revenue Range ($)
	Responses
	Percent

	Small
	<$36.5M
	13
	43%

	Medium
	Over $36.5M to $1B
	14
	47%

	Large
	Over $1B
	3
	10%

	Total
	30
	100%



These revenue size divisions are based on Table of Small Business Size Standards of the US Small Business Administration (2016), for construction industry in residential, infrastructure and commercial projects (which accounts for most of the responses in this research). In this table, the upper limit for small size businesses is set for $36.5M. The definition for medium size business is based on Ohio State University's National Center for the Middle Market’s Annual Report (2014) definition, which identifies a mid-size company as one with average annual revenue between $10M and $1B.
Size by Number of Employees
All respondents answered this question,. The maximum number of employees was 25,000 while the minimum was 3. This shows a great variation in the sizes of the respondents’ companies, and therefore again it was decided to group the companies into 3 different size categories. Category 1 includes companies with 1-49 employees, category 2 includes companies with 50 to 499 employees, and category 3 includes companies with 500 to 10,000 employees. Table 14 shows the frequency table for the different size categories. 
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Table 14: Company Size by Number of Employees Divisions and Frequencies
	Category
	Number of Employees Range
	Responses
	Percent

	1
	1 to 49
	9
	30%

	2
	50 to 499
	13
	43%

	3
	500 to 1000
	8
	27%

	Total
	30
	100%


These divisions are based on the categories defined in the Automatic Data Processing (ADP) Employment Report developed by the Macroeconomic Advisors, which is based on a sample of roughly 500,000 U.S. business clients (Groen and Mason 2012). This is similar to the more commonly used size class developed by The Office of Management and Budget (OMB) of the Bureau of Labor Statistics, however it combines some of these size classes into fewer categories, which is more suitable for this research due to the small sample size. 
While the division of size by revenue has shown only 3 companies as large, and almost an equal split amongst small size and large size companies, the division by employee size had some differences. The majority fell in the middle size category (category 2) with almost an equal split between the small and large sizes.
OSHA Scores
In order to understand the effect of the different indicators on the safety performance of each company it is important to assess the performance in terms of lagging or output indicators. For the purpose of this research, the lagging indicators used in the analysis are the OSHA TRIR and DART. A lower rate on both of these scores indicates a better safety performance. It is interesting to note that the average TRIR and DART scores for the respondents are lower than the industry average for Tennessee construction companies, for which the average TRIR is 3.9 and average DART is 1.7 (Tennessee Department of Labor and Workforce Development 2014). The detailed results are outlined below.
OSHA TRIR 
The number of respondents who answered this question was 25. Out of the 25, 2 respondents answered with “unknown”, while the rest provided the numerical score from the latest recorded year. The maximum TRIR provided by one respondent was 8, and the minimum was zero while the average rate for all respondents (23 respondents) was 2.38. The trends in the TRIR values are shown in Table 15.

[bookmark: _Toc475631676]Table 15: OSHA TRIR Frequencies
	Number
	Answer
	Responses
	Percent

	1
	TRIR= 0
	6
	26.09%

	2
	0<TRIR<2
	6
	26.09%

	3
	2≤TRIR<5
	7
	30.43%

	4
	TRIR≥ 5
	4
	17.39%

	Total
	23
	100%


Figures 5 and 6 show the box-plot and histogram (respectively) of the TRIR scores of the 22 respondents for this question. The box-plot shows the full range of variation the OSHA TRIR data. It displays maximum and minimum values, quartiles (including the median) and any outliers, these elements are labeled in Figure 5. Both the boxplot and the histogram show that The distribution of the TRIR scores is right-skewed, and shows some upper mild outliers. The median is less than 1.65, while the mean is 2.31. The difference between the mean and median shows some mild outliers in the data.
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[bookmark: _Toc467684282]Figure 5: OSHA TRIR Box-plot
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[bookmark: _Toc467684283]Figure 6: OSHA TRIR Histogram


OSHA DART
Of the 30 respondents, 24 replied to this question, while 6 had missing answers. The maximum DART recorded was 6, while the minimum was 0. The average score for the 24 responses was 1.084. Table 16 shows the frequencies of the DART scores.

[bookmark: _Toc475631677]Table 16: OSHA DART Frequencies
	Number
	Answer
	Responses
	Percent

	1
	DART= 0
	12
	50.00%

	2
	0< DART <2
	8
	33.33%

	3
	2≤ DART <5
	3
	12.50%

	4
	DART≥ 5
	1
	4.17%

	Total
	24
	100.00%



Figures 7 and 8 show the box-plot and histogram (respectively) of the OSHA DART scores of the 24 respondents for this question. The box-plot shows the full range of variation the OSHA DART data. It displays maximum and minimum values, quartiles (including the median) and any outliers, these elements are labeled in Figure 7.  Both the boxplot and the histogram show that the distribution of the DART scores is right-skewed, and shows some one upper mild outliers with a DART score of 6. The median is 0.16, while the mean is 1.08. The difference between the mean and median shows some mild outliers in the data.
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[bookmark: _Toc467684284]Figure 7: OSHA DART Box-Plot
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[bookmark: _Toc467684285]Figure 8 OSHA DART Histogram


4.3.1.3. Project Profile
· Project Sector
This differs from the company’s project sector in the previous section. It is the sector of the project for which the respondent bases his/her answers to the survey, as opposed to all sectors of company work. Again, the projects fell in different sectors of the construction industry. Five categories were provided in the survey, those being residential, commercial, infrastructure, heavy industrial and other trades. The respondents could select more than one category since a project could fall under 2 categories depending on the judgement of the respondent. For the 29 responses received, the project sector distribution was similar to that of the company. The projects were mainly commercial projects, followed by infrastructure and then heavy industrial projects as shown in the frequency histogram in Figure 9. 

[bookmark: _Toc467684286]Figure 9: Project Sector Histogram.

· Project Delivery Method 
When designing the survey questions, we wanted to see if the different type of delivery methods of the project would affect practices of safety in that project. Respondents chose between 4 types of delivery methods (see Table 17). For the 28 respondents who answered the question, the division of responses is shown in Table 17. Half of all the projects were traditional delivery methods, followed by Construction Management at 35.71% and an equal split between Design Build and Turnkey.
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Table 17: Project Delivery Methods Frequencies
	Number
	Delivery Method
	Count
	%

	1
	Traditional (Design-Bid-Build)
	14
	50.00%

	2
	Design Build
	2
	7.14%

	3
	Turn-key
	2
	7.14%

	4
	Construction Management
	10
	35.71%

	Total
	28
	100%



· Project Contract Type
Respondents chose between 3 types of contracts (see Table 18). For the 28 respondents who answered the question, the majority of the projects were Lump-Sum projects at 53.57%, followed by Re-measured, and then Cost Plus. 

[bookmark: _Toc475631679]Table 18: Project Contract Type Frequencies
	Number
	Contract Type
	Count
	%

	1
	Re-measured (unit price)
	7
	25.00%

	2
	Lump-sum
	15
	53.57%

	3
	Cost Plus
	6
	21.43%

	Total 
	30
	100%


· Project Size 
Another way to ensure that the sample is representative projects of different sizes are investigated. The project size was determined by the contract value. Of the 30 respondents, 3 had missing answers. Two respondents replied with “varies” as they were referring to the companies’ projects as a whole and not to a specific project. The range and average project size for the received responses are shown in Table 19. 

[bookmark: _Toc475631680]Table 19: Descriptive Statistics of Project Contract Value
	Item description
	Value

	Max Contract Price
	$184,000,000

	Min Contract Price
	$230,000

	Average Contract Price
	$36,395,795



Table 19 shows that the contract price varies greatly between the different respondents. Five respondents had contract value of less than $1M, 5 responses between $1M and $10M, 14 respondents between the $10M and $100M contract value, while the remaining respondent was over the $100M contract value. 
· Approximate Percentage of Project Completion 
This question aimed to understand if the projects under investigation were completed, at advanced stages or just starting. Twenty-seven respondents answered this question. Two respondents replied with “varies” as they were referring to the companies’ projects as a whole and not to a specific project. There were 4 projects  completed, 10 that were less than 50% completed and 11 that were more than 50% completed but not fully completed. 
· Project Status in Terms of Budget and Schedule 
The purpose of this question is to understand whether the projects investigated were on schedule, behind schedule, or ahead of schedule, and whether they are over budget, under budget or on budget. Twenty-six respondents answered this question while 4 had missing answers. Three respondents replied with “varies” as they were referring to the companies’ projects as a whole and not to a specific project. Table 20 describes the division of the projects amongst the 23 projects that did provide a specific budget and schedule status.

 
[bookmark: _Toc475631681]Table 20: Project Status (by Schedule and Budget) Frequencies
	Below Budget

	Ahead of Schedule
	11.54%
	3

	Behind Schedule
	0.00%
	0

	On Schedule
	11.54%
	3

	Over Budget

	Ahead of Schedule
	3.85%
	1

	Behind Schedule
	0.00%
	0

	On Schedule
	3.85%
	1

	On Budget

	Ahead of Schedule
	11.54%
	3

	Behind Schedule
	7.69%
	2

	On Schedule
	38.46%
	10

	Total

	Ahead of Schedule
	30.4%
	7

	Behind Schedule
	8.7%
	2

	On Schedule
	60.9%
	14



Of the 14 projects that were on schedule, 10 were also on budget. Seven projects were ahead of schedule, 3 of which were below budget, 3 on budget and 1 over budget. And the 2 projects that are behind of schedule were on budget. 
· Number of Safety Managers in the Project 
The number of safety managers and the ratio to the number of field workers could be an important indicator of safety practices implemented on site. Respondents were asked the number of safety managers on site and the number of field workers, and the ratio was then calculated. The number of respondents who answered this question was 27. The maximum number of safety managers was 5 while the minimum was 0, and the average was 1 safety manager. 
The number of sites with zero safety managers was 9 (33% of obtained responses. This figure could be alarming and will trigger further investigation. The ratio of safety managers to number of field workers might be a more accurate measure considering the variation in the size of projects and employees involved. The maximum ratio was 0.667, so 2 managers for every 3 workers, which seems very high. The lower end for those who had more than zero safety managers included ratios as low as 0.0045, so less than one manager per 100 workers, and 0.167.  
4.3.2. [bookmark: _Toc475631641]Section II: Safety Indicators
This section aims to find trends in descriptive data, means and variations in the different parts of section 2 of the survey. The section mostly consists of Likert scale questions with a scale of 1 for ‘Strongly Disagree’ to 5 for ‘Strongly Agree’. The mean and standard deviation were used to describe central tendency and variability respectively. 
Category A: Company’s Strategy for Safety Management
The questions of category A reflect different aspects of the strategy of the company for safety management. Questions A.1.1 and A.1.2 indicate the familiarity of the respondent with leading indicators. Though some respondents might have answered that their company does employ leading indicators, this could be contradicted in the rest of the questions thereby showing a poor understanding of leading indicators. On the other hand, if one respondent replied that the company does not employ leading indicators, this could reflect poor knowledge of the concept if the rest of the survey questions showed that the company does in fact use leading indicators. The rest of section A covers safety strategies, policies, as well as staffing techniques. It is important to note that all questions in this section are passive leading indicators. 
Results for Scale Questions in Category A 
[bookmark: _Toc475631682]The results of the scale questions are summarized in Table 21. Figure 10 is a bar graph of the category question averages. Table 21 and Figure 10 show important trends regarding Category A indicators. 
1. In question A.1.1 respondents were required to state if their companies employ the concept of leading indicators: 
a. In total 69% agree or strongly agree that their companies use leading indicators; 
b. 13.8% say they do not know; 
c. A total of 17.2% disagree or strongly disagree to the use of these indicators. 
2. Question A.1.2 assesses respondents’ familiarity with the concept of leading indicators and 20.6% of the respondents disagreed or strongly disagreed that they are familiar with the concept. Another 10.3% said they do not know while 69% agreed with familiarity. It is important to note that the answer ‘Do Not Know/No Opinion’ in this case can be considered an indication to lack of familiarity with the concept, which means over 30% of the respondents did not know what leading indicators are. 
3. For the rest of the scale questions the answers are highly consistent. This agreement is indicated in section 4.1.1 in the reliability measures. Questions A.1.3 through A.2.2 scored a mean of over 4 for all the respondents. This indicates that on average the respondents agree that they employ leading indicators related to safety strategies and staffing. 
Table 21: Category A Responses Frequencies and Descriptive Statistics
	Sub-Category
	Question
	Count
	Answer
	1
	2
	3
	4
	5
	Mean 
	St. Dev. 

	A.1. Strategies and Policies
	A.1.1.    
	29
	Count 
	3
	2
	4
	6
	14
	3.897
	1.348

	
	 
	 
	%
	10.3%
	6.9%
	13.8%
	20.7%
	48.3%
	 
	 

	
	A.1.2.    
	29
	Count 
	5
	1
	3
	4
	16
	3.862
	1.525

	
	 
	 
	%
	17.2%
	3.4%
	10.3%
	13.8%
	55.2%
	 
	 

	
	A.1.3.    
	30
	Count 
	1
	1
	0
	1
	27
	4.733
	0.892

	
	 
	 
	%
	3.3%
	3.3%
	0.0%
	3.3%
	90.0%
	 
	 

	
	A.1.4.   
	30
	Count 
	0
	3
	1
	3
	23
	4.533
	0.957

	
	 
	 
	%
	0.0%
	10.0%
	3.3%
	10.0%
	76.7%
	 
	 

	
	A.1.5.   
	30
	Count 
	0
	0
	2
	5
	23
	4.700
	0.586

	
	 
	 
	%
	0.0%
	0.0%
	6.7%
	16.7%
	76.7%
	 
	 

	A.2. Staffing for Safety
	A.2.1.   
	30
	Count 
	0
	3
	1
	6
	20
	4.433
	0.955

	
	 
	 
	%
	0.0%
	10.0%
	3.3%
	20.0%
	66.7%
	 
	 

	
	A.2.2.    
	30
	Count 
	6
	0
	0
	2
	22
	4.133
	1.586

	
	 
	 
	%
	20.0%
	0.0%
	0.0%
	6.7%
	73.3%
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[bookmark: _Toc467684287]Figure 10: Category A Indicators Averages Bar Graph

Composite variable A is computed into a single variable by calculating the mean for the 7 questions scale questions above, as shown in Table 22. The composite variable ‘Group A’ represents Company’s Strategy for Safety Management. Since the category had a mean of 4.34. This shows that most respondents do have strategic safety management and implement leading indicators that fall under this category. 
[bookmark: _Toc475631683]Table 22: Descriptive Statistics of Composite Variable A
	
	Statistic
	Comments

	
	Mean
	4.3362
	The average indicates higher percent of respondents having agree/strongly agree answers as compared to the negative side of the scale 

	
	95% Confidence Interval for Mean
	Lower Bound
	3.9879
	

	
	
	Upper Bound
	4.6845
	

	
	Median
	4.8286
	 Half of the responses are around the strongly agree 

	
	Std. Deviation
	.93272
	 Responses show variation under 1 within the scale 

	
	Skewness
	-1.507
	Indicators of non-normality, confirmed with Shapiro Wilk Normality Tests 

	
	Kurtosis
	1.298
	



Test for Normality for Scale Questions of Section A
In order to do further statistical analysis such as comparison of proportions (using t-test or other non-parametric tests), the normality of the data needs to be tested. This is done using the Shapiro-Wilk test as shown in Table 23.  

[bookmark: _Toc475631684]Table 23: Shapiro Wilk Test for Normality for Category A
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	A.1.1.
	.779
	29
	.000

	A.1.2.
	.718
	29
	.000

	A.1.3.
	.340
	29
	.000

	A.1.4.
	.544
	29
	.000

	A.1.5.
	.567
	29
	.000

	A.2.1.
	.610
	29
	.000

	A.2.2.
	.553
	29
	.000



The significance of the Shapiro-Wilk test was very small in all questions (σ < 0.05) which shows that the responses for all these questions are not normally distributed. 
Results for the Open Questions of Category A 
This category had 3 open (non-scale) questions that aimed to understand the incorporation of certain indicators in the company’s safety strategies and management. Descriptive statistics for these questions are shown in Tables 24, 25 and 26. 

[bookmark: _Toc475631685]Table 24: Safety Budget Responses and Descriptive Statistics
	A.1.6. - Is there a safety budget in your company? If yes how much?

	Number of Responses
	22

	Responses with "zero safety budget"
	7

	Responses with "unknown safety budget"
	7

	Maximum Budget
	$1,900,000.00 

	Minimum Budget 
	                $0

	Mean 
	                $190,769.23 

	Mean  for respondents with non-zero budget
	                $ 413,333.33 



The maximum safety budget was $1,900,000, while the minimum was zero. Seven responses were unknown. For those who provided non-zero budgets for safety, the budgets ranged between $15,000 and $1.9M, with an average of around $413,000. 
For Sub-category A.2: Staffing for safety, the open type questions were concerned with the certification of the personnel for safety. Questions A.2.3 and A.2.4 required the respondent to provide a percentage of management personnel and field workers respectively that had OSHA certification. The distribution was as shown in Table 25.

[bookmark: _Toc475631686]Table 25: Management OSHA Certification Responses and Frequencies
	A.2.3. -What is the number (or percent) of management personnel with OSHA certification cards?

	Number of responses 
	29
	

	
	
	

	Response
	Number
	Percent

	0% of Management with OSHA certification 
	2
	6.90%

	Over 0% and under 50%  of personnel have OSHA certification cards 
	9
	31.03%

	50% to under 100% of personnel have OSHA certification cards 
	12
	41.38%

	100%  of management personnel have OSHA certification cards
	6
	20.69%



The majority of all respondents have more than half of their management personnel certified with OSHA cards, and 31.03% have 50% or less of their personnel certified, and 6.9% of had none of their management personnel OSHA certified. The same question is asked about the certification of field workers in Question A.2.4. The response divisions and frequencies are shown in Table 26.

[bookmark: _Toc475631687]Table 26: Field Workers’ OSHA Certification Responses and Frequencies
	A.2.4. - What is the number or percent of field workers with OSHA certification cards?                 

	Number of Responses
	28
	

	
	
	

	Response
	Number
	Percent

	Unknown
	2
	7.14%

	Field workers with OSHA certification cards = 0
	3
	10.71%

	Over 0% and under 50%  of field workers have OSHA certification cards 
	10
	35.71%

	50% to under 100% of field workers have OSHA certification cards 
	9
	32.14%

	100%  of field workers have OSHA certification cards
	4
	14.29%


 	
	The results for this question show that 46.3% of the responses indicated that 50% or more of the field workers had OSHA cards, while an equal percent indicated that less than 50% had the certification (of which 10.7% of the respondents had none of their field workers OSHA certified). 


Category B. Safety in Contract Documents and Stakeholders’ Responsibilities
Category B includes 5 sub-categories that describe how the contract and the definitions of stakeholders’ responsibilities play a role in safety. All questions of sub-category B.1, on design and contracts, relate to passive leading indicators. Subcategory B.2, on owner’s involvement, includes one passive leading indicator which is the owner’s review of the safety plan (B.2.1), while the 2 other questions relate to active leading indicators. Sub-categories B.3 and B.4 are related to the contractor and subcontractor safety management respectively. These also have a combination of active and passive leading indicators. Suppliers’ safety management covered in sub-category B.5 includes 2 passive leading indicators. In total, category B has 15 passive indicators and 3 active indicators. The responses to the questions in category B followed the distributions shown in Table 27 and Figure 11.  Category B shows greater variation in responses between questions when compared to A; however, the reliability measure shows the grouping is still consistent. 


[bookmark: _Toc475631688]Table 27: Category B Responses Frequencies and Descriptive Statistics
	Sub-Category
	Question
	Count
	Answer
	1
	2
	3
	4
	5
	Mean 
	St. Dev. 

	B.1 Contract and Design
	B.1.1.    
	29
	Count
	9
	3
	9
	6
	2
	2.62
	1.30

	
	 
	 
	%
	31.03%
	10.34%
	31.03%
	20.69%
	6.90%
	 
	 

	
	B.1.2.   
	30
	Count
	7
	3
	11
	7
	2
	2.80
	1.22

	
	 
	 
	%
	23.33%
	10.00%
	36.67%
	23.33%
	6.67%
	 
	 

	
	B.1.3.    
	30
	Count
	2
	1
	4
	3
	20
	4.27
	1.21

	
	 
	 
	%
	6.67%
	3.33%
	13.33%
	10.00%
	66.67%
	 
	 

	
	B.1.4.   
	29
	Count
	1
	5
	6
	5
	12
	3.76
	1.25

	
	 
	 
	%
	3.45%
	17.24%
	20.69%
	17.24%
	41.38%
	 
	 

	
	B.1.5.    
	30
	Count
	1
	3
	1
	6
	19
	4.30
	1.13

	
	 
	 
	%
	3.33%
	10.00%
	3.33%
	20.00%
	63.33%
	 
	 

	
	B.1.6.   
	30
	Count
	0
	2
	1
	6
	20
	4.52
	0.88

	
	 
	 
	%
	0.00%
	6.67%
	3.33%
	20.00%
	68.97%
	 
	 

	
	B.1.7.    
	29
	Count
	0
	1
	1
	4
	23
	4.69
	0.70

	
	 
	 
	%
	0.00%
	3.33%
	3.33%
	13.33%
	79.31%
	 
	 

	
	B.1.8.    
	30
	Count
	1
	2
	2
	6
	18
	4.31
	1.09

	
	 
	 
	%
	3.33%
	6.67%
	6.67%
	20.00%
	62.07%
	 
	 

	B.2.Owner
	B.2.1.    
	30
	Count
	3
	2
	8
	9
	8
	3.57
	1.23

	
	 
	 
	%
	10.00%
	6.67%
	26.67%
	30.00%
	26.67%
	 
	 

	
	B.2.2.   
	30
	Count
	2
	3
	3
	9
	13
	3.93
	1.24

	
	 
	 
	%
	6.90%
	10.00%
	10.00%
	30.00%
	43.33%
	 
	 

	
	B.2.3.    
	30
	Count
	4
	4
	6
	6
	10
	3.47
	1.41

	
	 
	 
	%
	13.33%
	13.33%
	20.00%
	20.00%
	33.33%
	 
	 

	B.3. Contractors
	B.3.1.    
	29
	Count
	2
	1
	4
	7
	15
	4.10
	1.18

	
	 
	 
	%
	6.90%
	3.45%
	13.79%
	24.14%
	51.72%
	 
	 

	
	B.3.2.    
	29
	Count
	0
	0
	3
	9
	17
	4.48
	0.68

	
	 
	 
	%
	0.00%
	0.00%
	10.34%
	31.03%
	58.62%
	 
	 

	
	B.3.3.    
	29
	Count
	0
	0
	2
	4
	23
	4.72
	0.58

	
	 
	 
	%
	0.00%
	0.00%
	6.90%
	13.79%
	79.31%
	 
	 

	B.4. Sub-Contractors
	B.4.1.    
	29
	Count
	2
	1
	2
	9
	14
	4.14
	1.16

	
	 
	 
	%
	7.14%
	3.57%
	7.14%
	32.14%
	50.00%
	 
	 

	
	B.4.2.    
	29
	Count
	0
	1
	3
	10
	14
	4.32
	0.83

	
	 
	 
	%
	0.00%
	3.57%
	10.71%
	35.71%
	50.00%
	 
	 

	
	B.4.3.    
	29
	Count
	0
	1
	3
	4
	20
	4.54
	0.86

	
	 
	 
	%
	0.00%
	3.57%
	10.71%
	14.29%
	71.43%
	 
	 

	B.5. Vendors/
Suppliers
	B.5.1.    
	29
	Count
	2
	5
	4
	7
	10
	3.64
	1.30

	
	 
	 
	%
	7.14%
	17.86%
	14.29%
	25.00%
	35.71%
	 
	 

	
	B.5.2.    
	29
	Count
	7
	2
	3
	9
	7
	3.25
	1.50

	
	 
	 
	 %
	25.00%
	7.14%
	10.71%
	32.14%
	25.00%
	 
	 



[bookmark: _Toc467684288][image: ]
Figure 11: Category B Indicator Averages Bar Graph

For questions B.1.1 and B.1.2 the average values where 2.62 and 2.68, which means, on average, the respondents mostly disagreed or were not sure what kind of limits are set in the contract on number of supervisors to workers, or hour restrictions for workers. Question B.1.4, on the considerations of safety during the design phase, had an average of 3.64, which does not show strong evidence of majority incorporation of this passive leading indicators in the respondents’ safety management systems. Respondents answing with strongly agree for this question were 41.3% of all respondents, but sufficiently lower scale responses balanced out the mean. The rest of questions in this sub-category had average over 4, showing general agreement for the use of these passive leading indicators. 
Sub-category B.2 questions consistently showed averages less than 4. For question B.2.1, related to the owner’s review and approval of the safety plan, 16.7% disagreed that the owner was involved in this process while 26.67% said they did not know. Since all the respondents were safety directors or personnel in executive positions, the answers to this sub-category indicate poor communication with the owner. Question B.2.2, related to owner’s promotion of safety, shows higher agreement on the presence of this active leading indicator compared to the other questions of this sub-category. The last question also reflects a problem with communication; in fact, the ‘Do not Know/ No Opinion’ answer makes up 20% of all responses, which might also be considered a disagreement. This goes back to the nature of the job positions held by the respondents, their lack of awareness of any owner walk-throughs could be highly indicative of their non-existence.
Sub-category B.3 questions consistently showed averages higher than 4 indicating a general agreement that contractor safety management is employed in the respondents’ companies. The same applies for sub-contractors in sub-category B.4. This trend is not the same for supplier safety management in sub-category B.5, where the questions consistently showed averages lower than 4 but higher than 3. When examined both questions have a slight majority (around 60%) of respondents agreeing that supplier safety management policies are incorporated in their companies, while the rest are dispersed with disagreement and no opinion answers. 
Composite variable ‘Group B’, calculated from averaging all questions in the category, has the statistics shown in Table 28.

[bookmark: _Toc475631689]Table 28: Composite Variable B Descriptive Statistics
	
	Statistic
	Comments

	
	Mean
	3.9451
	The average indicates more responses towards the positive side of the scale. Variablity exists 

	
	95% Confidence Interval for Mean
	Lower Bound
	3.6623
	

	
	
	Upper Bound
	4.2279
	

	
	Median
	4.1345
	 2 halves of the data is around the median Agree 

	
	Std. Deviation
	.75731
	 The variation is not very high amongst different respondents 

	
	Skewness
	-.889
	Indicators of some skewness, not sufficient to judge normality, confirmed with Shapiro Wilk Test 

	
	Kurtosis
	-.165
	



Variable ‘Group B’ represents safety in contracts and stakeholders responsibility. Since the category had a mean of 3.94. On average, the indicators of this category are commonly used by the respondents, while variation exists.  
Test for Normality for Category B 
The test for normality of variables in Category B is done with Shapiro Wilk Test as shown in Table 29. The significance of the Shapiro-Wilk test was very small in all questions (σ < 0.05) indicating a non-normal distribution of the responses. 
[bookmark: _Toc475631690]

Table 29: Shapiro-Wilk Test For Normality for Category B
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	B.1.1.
	.867
	27
	.003

	B.1.2.
	.891
	27
	.008

	B.1.3.
	.605
	27
	.000

	B.1.4.
	.842
	27
	.001

	B.1.5.
	.671
	27
	.000

	B.1.6.
	.650
	27
	.000

	B.1.7.
	.529
	27
	.000

	B.1.8.
	.718
	27
	.000

	B.2.1
	.881
	27
	.005

	B.2.2.
	.816
	27
	.000

	B.2.3.
	.872
	27
	.003

	B.3.1.
	.741
	27
	.000

	B.3.2.
	.733
	27
	.000

	B.3.3.
	.544
	27
	.000

	B.4.1.
	.757
	27
	.000

	B.4.2.
	.792
	27
	.000

	B.4.3.
	.631
	27
	.000

	B.5.1.
	.863
	27
	.002

	B.5.2.
	.832
	27
	.001


Category C: Management and Supervision Commitment
Category C investigates the engagement and commitment of management and supervision to developing and encouraging a safety culture. This category has no sub-categories and consists of 4 scale questions and 1 open questions. All questions in this category relate to active leaing indicators. 
Results for the Scale Questions of Category C 
[bookmark: _Toc475631691]The answer distribution and frequency for the category are shown in Table 30 while the averages for the different questions are described in the bar graph in Figure 12. 

Table 30: Category C Responses Frequencies and Descriptive Statistics
	Question
	Count
	Answer
	1
	2
	3
	4
	5
	Mean 
	St. Dev. 

	C.1.1.   
	28
	Count 
	1
	1
	0
	5
	21
	4.571
	0.942

	
	 
	%
	3.57%
	3.57%
	0.00%
	17.86%
	75.00%
	 
	 

	C.1.2.    
	29
	Count 
	1
	1
	0
	11
	15
	4.357
	0.934

	
	 
	%
	3.57%
	3.57%
	0.00%
	39.29%
	53.57%
	 
	 

	C.1.3.   
	29
	Count 
	4
	6
	0
	3
	16
	3.724
	1.595

	
	 
	%
	13.79%
	20.69%
	0.00%
	10.34%
	55.17%
	 
	 

	C.1.4.   
	29
	Count 
	1
	0
	1
	5
	21
	4.607
	0.969

	 
	 
	%
	3.57%
	0.00%
	3.57%
	17.86%
	75.00%
	 
	 



	Only question C.1.3 has an average below 4. For this question, related to management reward system to safe bahavior, there seems to be less agreement compared to other management involvement indicators. Respondents who agreed or highly agreed to the use of an award system made up 65.5%, while 34.5% disagree or strongly disagreed that this indicator is adopted. The other questions in this category show a high majority agreeing or strongly agreeing to the adoption of the respective leading indicators.
[bookmark: _Toc467684289][image: ]
Figure 12: Category C Indicator Averages Bar Graph

The composite variable ‘Group C’, calculated from averaging all questions in the category, has the following statistics shown in Table 31. 

[bookmark: _Toc475631692]Table 31: Composite Variable C Descriptive Statistics
	
	Statistic
	Comments

	
	Mean
	4.2816
	The average shows tendency of respondents towards the positive (agree/strongly agree) side of the scale

	
	95% Confidence Interval for Mean
	Lower Bound
	3.9229
	

	
	
	Upper Bound
	4.6403
	

	
	Median
	4.7500
	 2 halves of the data is around a score closer to strongly Agree 

	
	Std. Deviation
	.94292
	Variation amongst responses small 

	
	Skewness
	-1.858
	Indicators of some skewness, not sufficient to judge normality, confirmed with Shapiro Wilk Test 

	
	Kurtosis
	4.038
	



Variable ‘Group C’ represents management and supervision commitment. Since the category had a mean of 4.28. On average, the companies’ management is committed to promoting and maintaining safety. 
Test for Normality for Category C 
The test for normality of variables in category D is done with Shapiro Wilk Test as shown in Table 32. The significance of the Shapiro-Wilk test was very small in all questions (σ < 0.05) which shows that the responses for all these questions are not normally distributed. 


[bookmark: _Toc475631693]Table 32: Shapiro Wilk Test of Normality for Category C
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	C.1.1
	.513
	28
	.000

	C.1.2
	.690
	28
	.000

	C.1.3
	.731
	28
	.000

	C.1.4
	.575
	28
	.000



Results for the Open Questions of Category C 
The open question (C.1.5) in this section aims to find the number of monthly management walk-throughs in project sites, this is another indication of the management involvement. Table 33 describes the responses for this question. 

[bookmark: _Toc475631694]Table 33: Question C.1.5. Descriptive Statistics
	C.1.5. - What is the number of monthly management walkthroughs?

	
	
	Number of responses
	22
	
	

	
	
	Average Monthly walk-throughs
	10
	
	

	
	
	Maximum No. of walk-throughs
	50
	
	

	
	
	Minimum No. of walk-throughs
	0
	
	

	
	
	
	
	
	

	
	Number of Monthly Walk-throughs
	Responses
	Percent
	

	
	0
	1
	4.55%
	

	
	0 < Monthly Walk-throughs ≤ 10
	15
	68.18%
	

	
	10 < Monthly Walk-throughs ≤ 25
	3
	13.64%
	

	
	Daily
	2
	9.09%
	

	
	More than Daily
	1
	4.55%
	



The results show that 68.2% of all respondents indicated that management conducts somewhere between 1 and 10 walk-throughs each month. Only 1 company had zero walk-throughs and 3 companies had daily or more walkthroughs.
Category D: Safety Training and Orientation
[bookmark: _Toc475631695]Category D investigates leading indicators related to training and orientation on safety matters, the involvement of management and supervision in the training process and how well it is customized to the company and site. This category has no sub-categories and consists of 6 scale questions. All questions in this category are active leaing indicators. The answer distribtuion and frequency for the category are shown in Table 34, while the averages for the different questions are described in the bar graph in Figure 13. 


Table 34: Category D Responses Frequencies and Descriptive Statistics
	Question
	Count
	Answer
	1
	2
	3
	4
	5
	Mean 
	St. Dev. 

	D.1.1.  
	30
	Count 
	1
	1
	1
	7
	20
	4.47
	0.957

	
	 
	%
	3.33%
	3.33%
	3.33%
	23.33%
	66.67%
	
	 

	D.1.2.  
	30
	Count 
	3
	3
	4
	10
	10
	3.70
	1.295

	
	 
	%
	10.00%
	10.00%
	13.33%
	33.33%
	33.33%
	
	 

	D.1.3. 
	30
	Count 
	1
	1
	2
	3
	23
	4.53
	0.991

	
	 
	%
	3.33%
	3.33%
	6.67%
	10.00%
	76.67%
	
	 

	D.1.4.   
	29
	Count 
	5
	2
	1
	7
	14
	3.79
	1.517

	
	 
	%
	17.24%
	6.90%
	3.45%
	24.14%
	48.28%
	
	 

	D.1.5.   
	30
	Count 
	1
	4
	3
	8
	14
	4.00
	1.183

	
	 
	%
	3.33%
	13.33%
	10.00%
	26.67%
	46.67%
	
	 

	D.1.6.   
	30
	Count 
	3
	4
	4
	5
	14
	3.77
	1.407

	 
	 
	%
	10.00%
	13.33%
	13.33%
	16.67%
	46.67%
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[bookmark: _Toc467684290]Figure 13: Category D Indicator Averages Bar Graph
Composite variable ‘Group D’ calculated from averaging all questions in the category, has the following statistics shown in Table 35. Variable ‘Group D’ represents safety training and orientation. Since the category had a mean of 4.04. On average, the companies conduct training and orientation for their workers

[bookmark: _Toc475631696]Table 35: Composite Variable D Descriptive Statistics
	
	Statistic
	Std. Error

	
	Mean
	4.0489
	The average indicates high percentage of the responses agreeing to using this indicator 

	
	95% Confidence Interval for Mean
	Lower Bound
	3.6687
	

	
	
	Upper Bound
	4.2935
	

	
	Median
	4.3333
	 2 halves of the data is around a score closer to strongly Agree 

	
	Std. Deviation
	1.01825
	Variation amongst responses small 

	
	Skewness
	-.954
	Indicators of some skewness, not sufficient to judge normality, confirmed with Shapiro Wilk Test 

	
	Kurtosis
	-.244
	


Test for Normality for Category D
The test for normality of variables in category D is done with Shapiro Wilk Test as shown in Table 36.

[bookmark: _Toc475631697]Table 36: Shapiro Wilk Test for Normality for Category D
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	D.1.1
	.621
	29
	.000

	D.1.2
	.846
	29
	.001

	D.1.3
	.552
	29
	.000

	D.1.4
	.737
	29
	.000

	D.1.5
	.803
	29
	.000

	D.1.6
	.793
	29
	.000


The significance of the Shapiro-Wilk test was very small in all questions (σ < 0.05) which shows that the responses for all these questions are not normally distributed. 
Category E: Site Investigation 
This category assesses indicators related to site investigations. It consists of 5 sub-categories for which the questions related to active leading indicators with exception to questions E.3.1, E.5.1, E.5.2. Those questions relating to passive indicators covered practices such as safety auditing, definitions of near miss events, and the analysis of near miss events. The category has 16 scale questions and 5 open questions in total. 
Results for scale questions of Category E: 
The responses to the scale questions are described in Table 37 and a bar graph of question averages is presented in Figure 14.  
[bookmark: _Toc475631698]Sub-category E.1, related to hazard identification and corrective actions,  shows high consistency in the results, with the average values all being higher than 4.5, indicating a high agreement to the use of hazard identification system, corrective actions, and clear rules for dealing with hazards. All four questions of this section had only 2 respondents who answered disagree or strongly disagree. 
Sub-category E.2, related to accident investigation and follow-up, shows general agreement with averages of 4.52, 4.34 and 4.21 for questions 1 2 and 3 of this sub-category respectively. All three questions had 80% or more of the respondents answer agree or strongly agree, showing popularity of accident investigation and follow-up indicators. The question regarding the root-cause analysis of the accidents (E.2.3) had more disagreement with almost 14% of the respondents believing that their companies do not conduct this analysis.
Sub-category E.3, related to safety audits, seem to shows less consistency amongst its 3 questions. While question E.3.1, related to the existence of safety audit system, has an average of 4.04 and 75% with agree or strongly agree answers. The other two questions show lower averages at around 51% of the respondents using safety score indicators and 57% having contractors participate in safety audits. Greater number of respondents appear on the lower end of the scale and at the ‘Do not know/No opinion’ for these two questions. 
Sub-category E.4, related to workers’ observations, had 4 questions showing consistency at an average higher than 4, with the exception of indicator E.4.2. This question is related to the recording and evaluation of workers’ observations, and it had an average score of 3.3 with 51% of the respondents at the higher end of the scale, 20.1% answering ‘Do not know/No Opinion’ and over 17% disagreeing. 
Sub-category E.5 assesses the use of near miss events amongst the respondents. Following the literature, the agreement is split on the use of near miss indicators as part of the safety program of the company. This is reflected with lower averages than the rest of this category, and a smaller majority agreeing to the use of indicators related to near miss events. 
The composite variable ‘Groupe E’ was calculated from averaging all questions in the category, and has the following statistics shown in Table 38. 

[bookmark: _Toc475631699]Table 38: Composite Variable E Descriptive Statistics
	
	Statistic
	Comments

	
	Mean
	4.0909
	The average indicates high percentage of the responses agreeing to using this indicator

	
	95% Confidence Interval for Mean
	Lower Bound
	3.7494
	

	
	
	Upper Bound
	4.4323
	

	
	Median
	4.3333
	 2 halves of the data is around a score closer to Agree

	
	Std. Deviation
	.89772
	Variation amongst responses small

	
	Skewness
	-1.461
	Indicators of some skewness, not sufficient to judge normality, confirmed with Shapiro Wilk Test 

	
	Kurtosis
	1.855
	


Variable ‘Group E’ represents Site Investigation. Since the category had a mean of 4.09. On average, the companies conduct site investigations and use such related indicators.



Table 37: Category E Responses Frequencies and Descriptive Statistics
	Sub-Category
	Question
	Count
	Answer
	1
	2
	3
	4
	5
	Mean 
	St. Dev. 

	E.1. Hazard Identification and Corrective Actions
	E.1.1.
	29
	Count 
	1
	1
	0
	4
	23
	4.621
	0.925

	
	
	 
	%
	3.45%
	3.45%
	0.00%
	13.79%
	79.31%
	 
	 

	
	E.1.2.
	29
	Count 
	1
	1
	0
	4
	23
	4.621
	0.925

	
	
	 
	%
	3.45%
	3.45%
	0.00%
	13.79%
	79.31%
	 
	 

	
	E.1.3.
	29
	Count 
	1
	1
	0
	6
	21
	4.552
	0.932

	
	
	 
	%
	3.45%
	3.45%
	0.00%
	20.69%
	72.41%
	 
	 

	
	E.1.4.
	28
	Count 
	1
	1
	0
	6
	20
	4.536
	0.944

	
	
	 
	%
	3.57%
	3.57%
	0.00%
	21.43%
	71.43%
	 
	 

	E.2. Accident Investigation and Follow up
	E.2.1.
	29
	Count 
	0
	1
	2
	7
	19
	4.517
	0.771

	
	
	 
	%
	0.00%
	3.45%
	6.90%
	24.14%
	65.52%
	 
	 

	
	E.2.2.
	29
	Count 
	1
	1
	2
	8
	17
	4.345
	0.992

	
	
	 
	%
	3.45%
	3.45%
	6.90%
	27.59%
	58.62%
	 
	 

	
	E.2.3.
	29
	Count 
	1
	3
	2
	6
	17
	4.207
	1.156

	
	
	 
	%
	3.45%
	10.34%
	6.90%
	20.69%
	58.62%
	 
	 

	E.3. Safety Audits
	E.3.1.
	28
	Count 
	2
	4
	1
	5
	16
	4.036
	1.349

	
	
	 
	%
	7.14%
	14.29%
	3.57%
	17.86%
	57.14%
	 
	 

	
	E.3.2.
	29
	Count 
	4
	5
	5
	5
	10
	3.414
	1.451

	
	
	 
	%
	13.79%
	17.24%
	17.24%
	17.24%
	34.48%
	 
	 

	
	E.3.3.
	28
	Count 
	3
	5
	4
	4
	12
	3.607
	1.448

	
	
	 
	%
	10.71%
	17.86%
	14.29%
	14.29%
	42.86%
	 
	 

	E.4. Workers' Observation
	E.4.1.
	29
	Count 
	2
	0
	2
	9
	16
	4.276
	1.079

	
	
	 
	%
	6.90%
	0.00%
	6.90%
	31.03%
	55.17%
	 
	 

	
	E.4.2.
	29
	Count 
	4
	4
	6
	9
	6
	3.310
	1.316

	
	
	 
	%
	13.79%
	13.79%
	20.69%
	31.03%
	20.69%
	 
	 

	
	E.4.3.
	28
	Count 
	1
	1
	2
	10
	14
	4.250
	0.987

	
	
	 
	%
	3.57%
	3.57%
	7.14%
	35.71%
	50.00%
	 
	 

	
	E.4.4.
	29
	Count 
	3
	1
	3
	7
	15
	4.034
	1.299

	
	
	 
	%
	10.71%
	3.57%
	10.71%
	25.00%
	53.57%
	 
	 

	E.5. Near Miss Investigation
	E.5.1.
	29
	Count 
	6
	3
	1
	6
	13
	3.586
	1.609

	
	
	 
	%
	20.69%
	10.34%
	3.45%
	20.69%
	44.83%
	 
	 

	
	E.5.2.
	28
	Count 
	6
	4
	1
	5
	12
	3.464
	1.636

	
	
	
	%
	21.43%
	14.29%
	3.57%
	17.86%
	42.86%
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Figure 14: Category E Indicator Averages Bar Graph

Test for Normality for Category E
The test for normality of variables in category E is done with Shapiro Wilk Test as shown in Table 39. The significance of the Shapiro-Wilk test was very small in all questions (σ < 0.05) which shows that the responses are not normally distributed.
 
[bookmark: _Toc475631700]Table 39: Shapiro Wilk Test of Normality for Category E
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	E.1.1
	.468
	25
	.000

	E.1.2
	.468
	25
	.000

	E.1.3
	.545
	25
	.000

	E.1.4
	.577
	25
	.000

	E.2.1
	.680
	25
	.000

	E.2.2
	.714
	25
	.000

	E.2.3
	.738
	25
	.000

	E.3.1
	.712
	25
	.000

	E.3.2
	.861
	25
	.003

	E.3.3
	.835
	25
	.001

	E.4.1
	.687
	25
	.000

	E.4.2
	.880
	25
	.007

	E.4.3
	.749
	25
	.000

	E.4.4
	.747
	25
	.000

	E.5.1
	.760
	25
	.000

	E.5.2
	.769
	25
	.000


Results for the Open Questions of Category E 
The open questions of this section are all related to active leading indicators. It is important to note that the number of responses for these questions was low (13 or less), with the exception of E.2.4, which received 20 responses. The responses and descriptive statistics for these questions are shown in Tables 40, 41, 42 and 43 as well as Figure 15. 
Question E.2.4 asked for the percentage of incident reports on which root cause analysis is conducted. The results shown in Table 40 and Figure 15 show that 50% of the 20 respondents who answered this question said that their company conducted root cause analysis on 100% of the accidents that occur. One respondent replied with non-applicable, while the rest were equally divided between not conducting root-cause analysis, conducting it on less than 50% of the accidents, and conducting it to 50% or more but less than 100% of all accidents.
 
[bookmark: _Toc475631701]Table 40: Open Question E.2.4 Responses and Frequencies
	E.2.4. - What is the percentage of incident reports on which root cause analysis was undertaken?

	
	
	
	
	

	
	Number of responses 
	20
	
	

	
	
	
	
	

	
	% of incidents on which root analysis is conducted
	Responses 
	Percent 
	

	
	NA
	1
	5%
	

	
	Percentage = 0%
	3
	15%
	

	
	0 < Percentage < 50%
	3
	15%
	

	
	0 ≤ Percentage < 100%
	3
	15%
	

	
	Percentage = 100%
	10
	50%
	




[bookmark: _Toc467684292]Figure 15: Percent of Accidents for which Root Cause Analysis is Conducted
[bookmark: _Toc475631702]
Question E.3.4. asked about the percentage of completed safety audits relative to the scheduled audits. Only 12 of the 30 respondents answered this question. Table 41 shows that 6 respondents conducted 100% of all scheduled audits, while 3 completed over 50% but not all the scheduled audits.

Table 41: Open Question E.3.4 Responses and Frequencies
	E.3.4. - What is the percentage of audits completed as a percent of scheduled audits?

	
	
	
	
	

	
	Number of responses
	12
	
	

	
	
	
	
	

	
	% of audits completed as a percent of scheduled audits
	Responses 
	Percent 
	

	
	NA
	1
	8%
	

	
	Percentage = 0%
	1
	8%
	

	
	0 < Percentage < 50%
	1
	8%
	

	
	0 ≤ Percentage < 100%
	3
	25%
	

	
	Percentage = 100%
	6
	50%
	



Question E.3.5 asked about compliance to safety audits. Only 13 of the 30 respondents answered this question. Table 42 shows that 8 out of the 13 respondents complied to more than 50% but not to all safety audits conducted while 3 respondents had 100% safety compliance. 

[bookmark: _Toc475631703]Table 42: Open Question E.3.5 Responses and Frequencies
	E.3.5. What is the percent of safety compliance on safety audits?

	
	
	
	
	

	
	No Responses
	13
	
	

	
	
	
	
	

	
	% of safety compliance on audits
	Responses 
	Percent 
	

	
	NA
	1
	7.69%
	

	
	0%
	1
	7.69%
	

	
	Over 0% to under 50% 
	0
	0.00%
	

	
	50% to under a 100%
	8
	61.54%
	

	
	100%
	3
	23.08%
	



As for question E.4.5, related to the number of monthly workers’ observations, Table 43 shows that for the 13 respondents for this question, the average number of monthly worker observations was 55, with a maximum of 200 monthly observations and a minimum of zero. 

[bookmark: _Toc475631704]Table 43: Open Question E.4.5 Responses.
	E.4.5. - If there is a worker observation program, what is the monthly number of Workers observations conducted?

	
	 Number of Responses 
	13
	

	
	
	
	

	
	Item Description 
	Value
	

	
	No. of responses with zero monthly workers observations
	2
	

	
	No. of responses who answered Non-Applicable 
	2
	

	
	Maximum No. of monthly workers observations 
	200
	

	
	Min No. of monthly workers observations 
	0
	

	
	Average monthly number of Workers observations
	55.3
	



Question E.5.3, related to reporting of near misses, had the lowest response rate with only 9 responses. Although answers in sub-category E.5.3 showed that 17 respondents used some system to analyze near miss events, only 9 respondents answered this question. Table 44 describes the responses received for this question. 
[bookmark: _Toc475631705]

Table 44: Open Question E.5.3 Responses. 
	E.5.3. What is the number of near Misses reported per 200,000 h of worker exposure.

	
	
	
	

	
	No. of Responses
	9
	

	
	
	
	

	
	Item Description 
	Value
	

	
	No. of responses with zero reported near misses
	3
	

	
	No. of responses who answered Non-Applicable
	1
	

	
	Average near misses reported
	1.5
	

	
	Maximum number of near misses 
	4
	



Category F: Safety Meetings
This category investigates the leading indicators related to safety meetings, their regularity, their attendance, the evaluation of their effectiveness and management involvement in them.  The section included 6 scale questions and 2 open questions all of which related to active leading indicators. 
Results for Scale Questions of Category F
The responses to the scale questions are described in Table 45 and the bar graph of question averages in Figure 16. 

[bookmark: _Toc475631706]Table 45: Category F Responses Frequencies and Descriptive Statistics
	Question
	Count
	Answer
	1
	2
	3
	4
	5
	Mean 
	St. Dev. 

	F.1.1.  
	29
	Count 
	0
	1
	1
	2
	25
	4.759
	0.677

	 
	 
	%
	0.00%
	3.45%
	3.45%
	6.90%
	86.21%
	
	 

	F.1.4.    
	30
	Count 
	2
	2
	1
	8
	17
	4.200
	1.194

	 
	 
	%
	6.67%
	6.67%
	3.33%
	26.67%
	56.67%
	
	 

	F.1.5.    
	29
	Count 
	5
	4
	5
	5
	10
	3.379
	1.495

	 
	 
	%
	17.24%
	13.79%
	17.24%
	17.24%
	34.48%
	
	 

	F.1.6.    
	29
	Count 
	5
	4
	9
	6
	5
	3.069
	1.311

	 
	 
	%
	17.24%
	13.79%
	31.03%
	20.69%
	17.24%
	
	 

	F.1.7.    
	29
	Count 
	4
	5
	7
	4
	9
	3.310
	1.417

	 
	 
	%
	13.79%
	17.24%
	24.14%
	13.79%
	31.03%
	
	 

	F.1.8.    
	30
	Count 
	4
	2
	3
	7
	14
	3.833
	1.416

	 
	 
	%
	13.79%
	6.90%
	10.34%
	24.14%
	48.28%
	 
	 



Questions in this category show some variability. F.1.1 has a high mean value of 4.76, with 93.1% of the respondents answering agree or strongly agree to the conducting regular safety meetings. As for keeping track of the attendance for these meetings (F.1.4), 25 of the 30 respondents agreed or strongly agreed that their companies employ this practice, while 1 did not know if this indicator is used, and 4 disagreed that it is used. 
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[bookmark: _Toc467684293]Figure 16: Category F Indicator Averages Bar Graph

The rest of the questions in this category show lower agreement on the use of the given indicators are used. F.1.5 had almost 50% of the respondents agreeing that their companies use the attendance of safety meetings to evaluate workers, while the other 50% were divided almost equally between the 3 lower ends of the scale. Question F.1.6 had a high percentage of respondents who did not know if there is an evaluation system for participation in safety meetings, these were 31% of all the respondents, while another 31% disagreed that there is such a system. Eleven of the 29 respondents for this question however did agree that this indicator is used in their companies. Question F.1.7, related to management incentives for quality participation in safety meetings, also had greater percentage of respondents on the lower end of the scale, with 21% at the ‘Do not know/No Opinion’ response, and 31% disagreeing that their companies use this indicator. F.1.8 did show a majority answering agree or strongly agree that explanations are given about the results of safety meetings, 3 respondents answered as do not know, and a total of 6 where on the disagree part of the scale.
The composite variable ‘Group F’ calculated from averaging all questions in the category, has the following statistics shown in Table 46. Variable ‘Group F’ represents safety meetings. Since the category had a mean of 3.78. This average does not show a strong direction towards the positive or negative side of the scale.  On average the respondents range between those who do not know whether indicators related to safety meetings are implemented, and those who do implement it.
[bookmark: _Toc475631707]Table 46: Composite Variable F Descriptive Statistics
	
	Statistic
	Comments

	
	Mean
	3.7783
	This average does not show a strong direction towards the positive or negative side of the scale

	
	95% Confidence Interval for Mean
	Lower Bound
	3.3842
	

	
	
	Upper Bound
	4.1724
	

	
	Median
	3.8333
	2 halves of the data is around a score closer to Agree

	
	Std. Deviation
	1.05543
	Variation amongst responses small

	
	Skewness
	-.970
	Indicators of some skewness, not sufficient to judge normality, confirmed with Shapiro Wilk Test

	
	Kurtosis
	.470
	



Test for Normality for Category F
The test for normality of variables in category F is done with Shapiro Wilk Test as shown in Table 47. The significance of the Shapiro-Wilk test was very small in all questions (σ < 0.05) which shows that the responses for all these questions are not normally distributed.

[bookmark: _Toc475631708]Table 47: Shapiro Wilk Test for Normality for Category F
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	F.1.1
	.428
	27
	.000

	F.1.4
	.720
	27
	.000

	F.1.5
	.848
	27
	.001

	F.1.6
	.907
	27
	.019

	F.1.7
	.877
	27
	.004

	F.1.8
	.771
	27
	.000



Results for the Open Questions of Category F
This category includes two open questions: F.1.2 related to the number of monthly safety meetings and F.1.3 related to the percentage of the meetings attended by management. The responses and descriptive statistics for these questions are shown in Tables 48, 49 and 50. 
For question F.1.2 the average number of monthly meetings was 9.5, while the maximum was 40 meetings (that is twice a day). This is shown in Table 48.
 
[bookmark: _Toc475631709]Table 48: Open Question F.1.2 Responses 
	F.1.2. - What is the number of safety meetings conducted monthly?

	
	Number of response 
	29
	
	

	
	
	
	
	

	
	Item Description 
	Value
	
	

	
	Average monthly number of safety meetings
	9.5
	
	

	
	Maximum No. of monthly safety meetings
	40
	
	

	
	Minimum No. of monthly safety meetings
	0
	
	

	
	
	
	
	



As shown in Table 49, 4 respondents said they had zero safety meeting per month, while 17 respondents conducted between 1 and 10 monthly meetings, and the remaining 8 respondents conducted more than 10 monthly meetings. The number of safety meetings in this group ranged between 16 and 40.
 
[bookmark: _Toc475631710]Table 49: Question F.1.2 - Number of Safety Meetings per Month Frequencies
	Number of safety meetings per month
	Responses
	Percent

	Monthly  safety meetings = 0
	4
	13.79%

	0 < Monthly  safety meetings < 10
	17
	58.62%

	Monthly  safety meetings ≥ 10
	8
	27.59%



For question F.1.3, related to the percent of safety meetings attended by supervisors, Table 36 shows that the majority (71%) of the respondents had all safety meetings attended by managers or supervisors, and only 2 responded with none of the meetings are attended by management. 

[bookmark: _Toc475631711]Table 50: Open Question F.1.3 Responses and Frequencies
	F.1.3. - What percent of safety meetings are attended by supervisors/ managers?

	
	Number of responses
	28
	
	

	
	
	
	
	

	
	% of all safety meetings attended by management
	Responses
	Percent
	

	
	NA
	1
	3.57%
	

	
	Percentage = 0%
	2
	7.14%
	

	
	0 < Percentage < 50%
	1
	3.57%
	

	
	50% ≤ Percentage < 100%
	4
	14.29%
	

	
	Percentage = 100%
	20
	71.43%
	




Category G: Worker’s Authorities
This category is related to authorities of workers in regards to safety. It has two sub-categories for which all questions are scale questions with distributions shown in Table 51 and the bar graph of question averages in Figure 17.
 
[bookmark: _Toc475631712]Table 51: Category G Responses Frequencies and Descriptive Statistics
	Sub-Category
	Question
	Count
	Answer
	1
	2
	3
	4
	5
	Mean 
	St. Dev. 

	G.1. Reporting of Incidents, 
Accidents or Potential Hazards
	G.1.1.  
	30
	Count
	1
	1
	2
	2
	24
	4.567
	0.989

	
	 
	 
	%
	3.33%
	3.33%
	6.67%
	6.67%
	80.00%
	
	 

	
	G.1.2.  
	30
	Count
	2
	2
	9
	11
	6
	3.567
	1.086

	
	 
	 
	%
	6.67%
	6.67%
	30.00%
	36.67%
	20.00%
	
	 

	
	G.1.3.  
	30
	Count
	3
	3
	16
	7
	1
	3.000
	0.931

	
	 
	 
	%
	10.00%
	10.00%
	53.33%
	23.33%
	3.33%
	
	 

	
	G.1.4.  
	30
	Count
	3
	3
	7
	6
	11
	3.633
	1.329

	
	 
	 
	%
	10.00%
	10.00%
	23.33%
	20.00%
	36.67%
	
	 

	
	G.1.5.   
	30
	Count
	1
	0
	5
	8
	16
	4.267
	0.964

	
	 
	 
	%
	3.33%
	0.00%
	16.67%
	26.67%
	53.33%
	 
	 

	G.2. Stop Work Authority
	G.2.1.
	30
	Count
	1
	2
	2
	6
	19
	4.333
	1.075

	
	
	
	%
	3.33%
	6.67%
	6.67%
	20.00%
	63.33%
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Figure 17: Category G Indicator Averages Bar Graph

Question G.1.1, which relates to a passive leading indicator, had the highest mean score compared to the rest of the questions in this category, with 86.7% of all respondents providing clear procedures to report any safety hazards, and only 2 respondents (6.67%) disagreeing to the use of this practice, and the rest answering with no opinion. Question G.1.2 was also a passive leading indicator, and had a relatively high percentage (30%) of respondents answering with no opinion on the anonymity of the reporting system. Four respondents disagreed or strongly disagreed that the reporting is anonymous. Still over 50% of the respondents either agreed or strongly agreed that the reporting in their respective companies is anonymous. Question G.1.3 is an active leading indicator with the lowest mean score of the category. A majority of 53.3% of all respondents did not know if the workers’ perception on the effectiveness of an anonymous system are evaluated, while 20% fell under the lower categories of the scale. Furthermore, question G.1.4, also an active leading indicator, shows some variability in the answers, with a majority of 56.7% agreeing or strongly agreeing that workers are given positive incentive to report hazards, but also a relatively high percentage (23%) with no opinion on the matter, while the rest said these incentives do not exist. Questions 5 and 6 of this sub-category had high mean scores, showing a majority agreement that management avoids blaming of workers who report incidents and empowers workers to stop work in cases of incidents. For question G.1.5, only 1 respondent disagreed that their company uses this indicator, while 5 respondents had no opinion on the matter. As for question G.1.6, 10% disagreed that they empower workers to stop work in case of incidents while 6.7% had no opinion on the matter. 
The composite variable ‘Group G’, calculated from averaging all questions in the category, has the following statistics shown in Table 52.

[bookmark: _Toc475631713]Table 52: Composite Variable G Descriptive Statistics
	
	Statistic
	Comments

	
	Mean
	4.2000
	The average indicates high percentage of the responses agreeing to using this indicator.

	
	95% Confidence Interval for Mean
	Lower Bound
	3.8857
	

	
	
	Upper Bound
	4.5143
	

	
	Median
	4.5000
	2 halves of the data is around a score between Agree and Strongly Agree 

	
	Std. Deviation
	.84180
	Variation amongst responses small

	
	Skewness
	-1.255
	Indicators of some skewness, not sufficient to judge normality, confirmed with Shapiro Wilk Test

	
	Kurtosis
	.973
	



The composite variable ‘Group G’ represents worker’s authority. Since the category had a mean of 4.2. On average the respondents implement indicators related to worker’s authority in safety matters. 
Test for Normality for Category G
The test for normality of variables in category G is done with Shapiro Wilk Test as shown in Table 53.
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Table 53: Shapiro Wilk Test for Normality for Category G
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	G.1.1
	.506
	30
	.000

	G.1.2
	.885
	30
	.004

	G.1.3
	.858
	30
	.001

	G.1.4
	.854
	30
	.001

	G.1.5
	.743
	30
	.000

	G.2.1
	.671
	30
	.000



The significance of the Shapiro-Wilk test was very small in all questions (σ < 0.05) which shows that the responses for all these questions are not normally distributed. 
Category H: Substance Abuse Program
This category consists of 2 scale questions and one open question. H.1.1 is a passive leading indicator related to the existence of a substance abuse program in the company. 
Results for Scale Questions of Category H:
The descriptive analysis of these questions is shown in Table 54, and the bar graph of question averages is shown in Figure 18. 
[bookmark: _Toc475631715]Table 54: Category H Responses Frequencies and Descriptive Statistics
	Question
	Count
	Answer
	1
	2
	3
	4
	5
	Mean 
	St. Dev. 

	H.1.1.  
	30
	Count
	1
	0
	1
	3
	25
	4.70
	0.82

	 
	 
	%
	3.33%
	0.00%
	3.33%
	10.00%
	83.33%
	
	

	H.1.2.  
	28
	Count
	4
	1
	1
	5
	19
	4.13
	1.36

	 
	 
	%
	13.33%
	3.33%
	3.33%
	16.67%
	63.33%
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Figure 18: Category H Indicator Averages Bar Graph

Both questions (H.1.1 and H.1.2) have an average score more than 4, with H.1.1 showing less variability and a great majority of 93.3% of all respondents saying their companies have in place a substance abuse program. H.1.2 had more disagreement in relation to conducting un-announced drug testing; the question still shows a majority of respondents agreeing that their companies use this indicator. 
The composite variable ‘Group H’, calculated from averaging all questions in the category, has the following statistics shown in Table 55.

[bookmark: _Toc475631716]Table 55: Composite Variable H Descriptive Statistics
	
	Statistic
	Comments

	
	Mean
	4.5357
	The average is between Agree and Strongly Agree.

	
	95% Confidence Interval for Mean
	Lower Bound
	4.2107
	

	
	
	Upper Bound
	4.8607
	

	
	Median
	5.0000
	2 halves of the data is around Strongly Agree

	
	Std. Deviation
	.83808
	Variation amongst responses small

	
	Skewness
	-1.950
	Indicators of high skewness and kurtosis, confirm normality test with Shapiro Wilk Test

	
	Kurtosis
	2.939
	



Variable ‘Group H’ represents Substance Abuse Program. Since the category had a mean of 4.5. This indicates a strong tendency of responses towards the positive side of the scale (agree and strongly agree), then on average the respondents do implement indicators related to substance abuse.
Test for Normality for Category H
The test for normality of variables in category H is done with Shapiro Wilk Test as shown in Table 56.

[bookmark: _Toc475631717]Table 56: Shapiro Wilk Test for Normality for Category H
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	H.1.1
	.421
	30
	.000

	H.1.2
	.638
	30
	.000


The significance of the Shapiro-Wilk test was very small in all questions (σ < 0.05) which shows that the responses for all these questions are not normally distributed.
Results for the Open Question of Category H
The open question H.1.3 asked for percent of workers who have negative drug test results. There were 10 missing answers for this question. Of the 20 responses received, 3 were answered as non-applicable. All 17 responses that provided a percent for the negative drug tests showed a percentage greater than 90%, 8 of which were between 98% and 100% negative drug tests. 
Category I: Housekeeping
This category investigates leading indicators related to housekeeping practices. Question I.1.1 relates to a passive leading indicator while the rest of the questions are active indicators. The responses and frequencies of the questions are shown in Table 57 and the bar graph of question averages in Figure 19.

[bookmark: _Toc475631718]Table 57: Category I Responses Frequencies and Descriptive Statistics
	Question
	Count
	Answer
	1
	2
	3
	4
	5
	Mean 
	St. Dev. 

	I.1.1.    
	28
	Count
	1
	1
	3
	5
	18
	4.357
	1.042

	 
	 
	%
	3.57%
	3.57%
	10.71%
	17.86%
	64.29%
	4.357
	

	I.1.2.   
	27
	Count
	0
	0
	0
	8
	19
	4.704
	0.457

	 
	 
	%
	0.00%
	0.00%
	0.00%
	29.63%
	70.37%
	4.704
	

	I.1.3.    
	27
	Count
	0
	0
	1
	5
	21
	4.741
	0.516

	 
	 
	%
	0.00%
	0.00%
	3.70%
	18.52%
	77.78%
	4.741
	

	I.1.4.    
	28
	Count
	0
	0
	2
	3
	23
	4.750
	0.575

	 
	 
	%
	0.00%
	0.00%
	7.14%
	10.71%
	82.14%
	4.750
	 



All questions in this category show a high average score above 4. Question I.1.1 has greater variability (higher standard deviation than the rest of the questions) due to 2 responses at the disagree section of the scale and 3 respondents replying with no opinion. The rest of the questions had a great majority agreeing that they use the said indicators, all scoring at average greater than 4.7.
[bookmark: _Toc467684296][image: ]
Figure 19: Category I Indicator Averages Bar Graph

The composite variable ‘Group I’, calculated from averaging all questions in the category, has the following statistics shown in Table 58.

[bookmark: _Toc475631719]Table 58: Composite Variable I Descriptive Statistics
	
	
	Statistic
	Comments

	
	Mean
	4.6429
	The average indicates very high percentage of the responses agreeing to using this indicator.

	
	95% Confidence Interval for Mean
	Lower Bound
	4.4429
	

	
	
	Upper Bound
	4.8428
	

	
	Median
	5.0000
	2 halves of the data is around Strongly Agree

	
	Std. Deviation
	.51563
	Variation amongst responses small

	
	Skewness
	-1.310
	Indicators of high skewness and some kurtosis, confirm normality test with Shapiro Wilk Test

	
	Kurtosis
	.661
	



The composite variable ‘Group I’ represents housekeeping on site. Since the category had a mean of 4.64. This indicates a strong tendency of responses towards the positive side of the scale (agree and strongly agree), then on average the respondents do implement indicators related to housekeeping of jobsite.
Test for Normality for Category I
The test for normality of variables in category I is done with Shapiro Wilk Test as shown in Table 59.

[bookmark: _Toc475631720]Table 59: Shapiro Wilk Test for Normality for Category I
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	I.1.1
	.695
	26
	.000

	I.1.2
	.583
	26
	.000

	I.1.3
	.558
	26
	.000

	I.1.4
	.504
	26
	.000


The significance of the Shapiro-Wilk test was very small in all questions (σ < 0.05) which shows that the responses for all these questions are not normally distributed.
Category J: Personal Protective Equipment (PPE)
This category has 2 questions one of which represents a passive leading indicator and the other an active indicator. The responses and frequencies of questions of this category are shown in Table 60 and the bar graph of question averages in Figure 20.

[bookmark: _Toc475631721]Table 60: Category J Responses Frequencies and Descriptive Statistics
	Question
	Count
	Answer
	1
	2
	3
	4
	5
	Mean 
	St. Dev. 

	J.1.1.  
	28
	Count
	2
	0
	0
	10
	17
	4.379
	1.031

	
	 
	%
	6.90%
	0.00%
	0.00%
	34.48%
	58.62%
	
	

	J.1.2.   
	27
	Count
	0
	0
	2
	4
	22
	4.714
	0.589

	 
	 
	%
	0.00%
	0.00%
	7.14%
	14.29%
	78.57%
	 
	 



Both questions show averages greater than 4. For J.1.1, only 2 respondents said their companies do not have PPE inspection and maintenance policy, while the remaining 27 respondents agreed or strongly agreed to the existence of this policy. J.1.2 asked respondents whether management wear PPEs on site. There was high agreeability on this question with 26 respondents agreeing and only 2 having no opinion on the matter. 

[image: ]
[bookmark: _Toc467684297]Figure 20: Category J Indicator Averages Bar Graph

[bookmark: _Toc475631722]The composite variable ‘Group J’, calculated from averaging all questions in the category, has the following statistics shown in Table 61. Variable ‘Group J’ represents PPE related indicators. Since the category had a mean of 4.57. This indicates a strong tendency of responses towards the positive side of the scale (agree and strongly agree), then on average the respondents do implement indicators related to PPEs.

Table 61: Composite Variable J Descriptive Statistics
	
	Statistic
	Comments

	Mean
	4.5714
	The average indicates very high percentage of the responses agreeing to using this indicator.

	95% Confidence Interval for Mean
	Lower Bound
	4.2743
	

	
	Upper Bound
	4.8686
	

	Median
	5.0000
	2 halves of the data is around  Strongly Agree

	Std. Deviation
	.76636
	Variation amongst responses small

	Skewness
	-2.318
	Indicators of high skewness and kurtosis, confirm normality test with Shapiro Wilk Test

	Kurtosis
	5.252
	



Test for Norrmality for Category J
[bookmark: _Toc475631723]The test for normality of variables in category J is done with Shapiro Wilk Test as shown in Table 62.

Table 62: Shapiro Wilk Test for Normality for Category J
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	J.1.1
	.600
	28
	.000

	J.1.2
	.534
	28
	.000


The significance of the Shapiro-Wilk test was very small in all questions (σ < 0.05) which shows that the responses for all these questions are not normally distributed.
Category K: Record Keeping
This category covers active leading indicators related to record keeping practices of the company. The responses and frequencies of questions of this category are shown in Table 63. The bar graph of question averages is shown in Figure 21.
[bookmark: _Toc475631724]
Table 63: Category K Responses Frequencies and Descriptive Statistics
	Question
	Count
	Answer
	1
	2
	3
	4
	5
	Mean 
	St. Dev. 

	K.1.1. 
	29
	Count
	2
	0
	3
	9
	15
	4.207
	1.095

	
	 
	%
	6.90%
	0.00%
	10.34%
	31.03%
	51.72%
	
	

	K.1.2.    
	28
	Count
	2
	1
	5
	6
	14
	4.036
	1.210

	 
	 
	%
	7.14%
	3.57%
	17.86%
	21.43%
	50.00%
	 
	 



[image: ]
[bookmark: _Toc467684298]Figure 21: Category K Indicator Averages Bar Graph

Only 2 respondents strongly disagreed that their companies had incident case history record-keeping systems, 3 did not have an opinion, and a majority of 24 respondents either agreed or strongly agreed that such system exists. Accident analysis and corrective actions record keeping had slightly more variations, with 3 respondents disagreeing or strongly disagreeing that their companies use this practice, 5 respondents with no opinion on the matter, and 20 respondents thought employing this indicator. 
The composite variable ‘Group K’, calculated from averaging all questions in the category, has the following statistics shown in Table 64.

[bookmark: _Toc475631725]Table 64: Composite Variable K Descriptive Statistics
	
	Statistic
	Comments

	Mean
	4.1250
	The average indicates high percentage of the responses agreeing to using this indicator

	95% Confidence Interval for Mean
	Lower Bound
	3.6879
	

	
	Upper Bound
	4.5621
	

	Median
	4.5000
	2 halves of the data are around a score between Agree and Strongly Agree

	Std. Deviation
	1.12731
	Some variation amongst the respondents in the score

	Skewness
	-1.567
	Some skewness and kurtosis, non-normality confirmed with Shapiro-Wilk test.

	Kurtosis
	2.433
	



Variable ‘Group K’ represents housekeeping related indicators. Since the category had a mean of 4.12. This indicates that on average the respondents do implement indicators related to PPEs.


Test for normality for Category K
The test for normality of variables in category K is done with Shapiro Wilk Test as shown in Table 65.

[bookmark: _Toc475631726]Table 65: Shapiro Wilk Test of Normality for Category K
	
	Shapiro-Wilk

	
	Statistic
	df
	Sig.

	K.1.1
	.722
	28
	.000

	K.1.2
	.774
	28
	.000



The significance of the Shapiro-Wilk test was very small in all questions (σ < 0.05) which shows that the responses for all these questions are not normally distributed.
4.3.3. [bookmark: _Toc475631642]Summary of Descriptive Statistics 
Summary of All Indicators Descriptive Statistics 
A summary of averages and standard deviations for all variables representing leading indicators in the survey is shown in Tables 66, 67 and 68. The variables that had lowest averages, thus greatest number of respondents answering ‘Disagree’ or ‘Strongly Disagree’, showing least used indicators amongst the respondents as summarized in Table 66. From this table it can be concluded that contractual safety obligations are not commonly used as safety indicators amongst the respondents. Workers’ perception of the anonymity of the safety reporting system as well as evaluation of workers’ participation in safety meetings are also uncommon leading indicators amongst respondents. 

[bookmark: _Toc475631727]Table 66: Indicators with Lowest Average Scaled Response
	Question
	Indicator
	N
	Mean
	Std. Dev.

	B.1.1.
	The contract sets a minimum ratio of safety supervisors to workers.
	29
	2.62
	1.321

	B.1.2.
	The contract imposes work hour restrictions for workers.
	30
	2.8
	1.243

	G.1.3
	Workers' perceptions of the effectiveness of the anonymous reporting system are evaluated.

	30
	3
	0.947

	F.1.6
	There is a system to evaluate the quality of participation in safety meetings.
	29
	3.07
	1.334



Some variables had averages that do not reflect strong evidence of common use of the indicators. These variables either exhibited almost an equal split between those who do use the indicators and those who do not, or the variables had the majority of respondents who did not know or had no opinion about the use of the indicator. These had an average score around 3 as shown in Table 67.
[bookmark: _Toc475631728]The variables with the lowest averages in this group come from different categories. Indicator B.5.2 related to vendor safety orientation has a low average of 3.24 and a high variability, this question had almost an equal split between respondents at the ‘Agree/Strongly Agree’ side of the sale on the one side, and the ‘Disagree/Strongly Disagree’ and ‘Do not Know/No Opinion’ options combined on the other. This shows that this indicator is not as common as other indicators amongst respondents. Other indicators in Table 43 have similar trends, with increasing averages. For instance indicator B.2.2, related to owner’s visible promotion of safety, has over 70% respondents employing this practice. 

Table 67: Indicators with Mid-Range Average Scaled Response
	Question                Indicator 
	N
	Mean
	Std. Dev.

	B.5.2. Vendors undergo safety orientations.
	29
	3.24
	1.527

	E.4.2. Workers' observations are recorded and evaluated.
	29
	3.31
	1.339

	F.1.7. Management/supervisors provide positive feedback or    incentives for quality participation in safety meetings.
	29
	3.31
	1.442

	F.1.5. The workers' record of attending safety meeting is used in evaluating performance.
	29
	3.38
	1.522

	E.3.2. There is a safety audit score calculated and monitored.
	29
	3.41
	1.476

	E.5.2. There is a system for analysing near miss events in the organization.
	28
	3.46
	1.666

	B.2.3. The owner conducts safety walkthroughs.
	30
	3.47
	1.432

	G.1.2. The reporting procedure is anonymous.
	30
	3.57
	1.251

	B.2.1. The owner has reviewed and approved the safety plan.
	30
	3.57
	1.104

	E.5.1. The organization has a definition of a near miss event, and this definition is conveyed to the workers.
	29
	3.59
	1.637

	E.3.3. Contractors participate in safety audits.
	28
	3.61
	1.474

	B.5.1. Vendors are made aware of the Health and Safety policy of the organization.
	29
	3.62
	1.321

	G.1.4. Workers are given positive incentive to report potential hazards.
	30
	3.63
	1.351

	D.1.2. There are regular trainings on emergencies on-site.
	30
	3.7
	1.317

	C.1.3. Management offers recognition or reward system for safe behaviour.
	29
	3.72
	1.623

	B.1.4. Safety is considered during the design phase of the project.
	29
	3.76
	1.272

	D.1.6. There is feedback gathered from the trainees and utilized in developing the training programs
	30
	3.77
	1.431

	D.1.4. There is a site-specific safety orientation for managers.
	29
	3.79
	1.544

	F.1.8. Explanations are given of why actions suggested at safety meetings were undertaken or not.
	30
	3.83
	1.44

	A.1.2. You are familiar with the concept of Leading Safety Indicators
	29
	3.86
	1.552

	A.1.1. Your company employs a Leading Safety Indicators System in its safety management Approach
	29
	3.9
	1.372

	B.2.2. The owner has a visible promotion of job-site safety.
	30
	3.93
	1.258



[bookmark: _Toc475631729]The variables that had an average of 4 or more are considered widely popular practices amongst all respondents. All 48 indicators presented Table 68 have high averages showing they are widely common amongst the respondents. Indicators at the lower end of the group like D.1.5 regarding supervisors safety leadership training or E.4.4 on reporting severity of at-risk behaviors, have an average around  and  over 70% majority agreeing or strongly agreeing that their companies employ the respective practices. Towards the higher end of the group, questions such as F.1.1 had over 90% of respondents employing that practice. 
It is worthy to note that the trends of popularity of the indicators such as safety meetings, the use of PPE’s, good housekeeping, and management commitment, is expected considering the industry’s wide focus on safety, and commitment of most firms to the OSHA Act and its obligations. However, the fact that such indicators exist as part of the company’s practices and policies does not mean they are being used in the correct manner to dynamically predict and change safety performance. On the contrary, many of these indicators could be used without the familiarity of the company with the concept of leading indicators.


Table 68: Indicators with High Average Scaled Response
	Indicator
	N
	Mean
	Std. Dev

	D.1.5. Supervisors undergo safety leadership training.
	30
	4
	1.20

	E.4.4. The severity of at-risk behaviours is reported.
	29
	4.03
	1.32

	E.3.1. There is a safety auditing program set in place.
	28
	4.04
	1.37

	K.1.2. There is a record keeping system for accident analysis and corrective            actions.
	28
	4.04
	1.23

	B.3.1. Safety records and performance were considered as a pre-qualification to selecting the contractor.
	29
	 4.1
	1.21

	B.4.1. Safety records and performance were considered as a pre-qualification to selecting sub-contractor.
	29
	4.1
	1.18

	A.2.2. The company has a safety officer position or a person only dedicated to supervise and manage safety.
	30
	4.13
	1.61

	H.1.2. Your company conducts an un-announced drug-testing program.
	30
	4.13
	1.43

	F.1.4. There is a system to keep track of the attendance rates at safety meetings.
	30
	4.2
	1.22

	E.2.3. Root-cause analysis is conducted on recorded incidents.
	29
	4.21
	1.18

	K.1.1. There is an incident case history record-keeping system.
	29
	4.21
	1.11

	E.4.3. At-risk behaviours are reported.
	28
	4.25
	1.01

	B.1.3. The contract obliges contractors and sub-contractors to attend safety meetings.
	30
	4.27
	1.23

	B.1.8. Safety was considered during scheduling of the project.
	30
	4.27
	1.11

	G.1.5. Management/supervisors attempt to avoid blaming of workers who report incidents or accidents.
	30
	4.27
	0.98

	B.4.2. Sub-contractors are trained on safety culture issues and work practices.
	29
	4.28
	0.84

	E.4.1. Management and/or supervisors conduct some sort of workers' observations for safety purposes.
	29
	4.28
	1.10

	B.1.5. The site layout plan considers safety matters.
	30
	4.3
	1.15

	C.1.2. Management portrays zero tolerance to non-compliance to safety policies.
	29
	4.31
	0.97

	G.2.1. There is a policy to empower workers to stop work in case of incidences or near misses.
	30
	4.33
	1.09

	E.2.2. Management follows-up on incident investigations.
	29
	4.34
	1.01

	I.1.1. Your company has a planning system for the adequate disposal of scrap, waste and surplus materials.
	28
	4.36
	1.06

	J.1.1. There is a PPE inspection and maintenance policy.
	29
	4.38
	1.05

	A.2.1. Safety taken into consideration when making management staffing decisions.
	30
	4.43
	0.97

	B.1.6. The construction execution plan considers safety matters.
	30
	4.47
	0.90

	D.1.1. Workers undergo safety and health orientation and training that are project specific.
	30
	4.47
	0.97

	B.3.2. Contractors are trained on safety culture issues and work practices.
	29
	4.48
	0.69

	B.4.3. Sub-contractors participate of in safety meetings.
	29
	4.48
	0.87

	C.1.4. Safety issues are discussed in management meetings often.
	29
	4.52
	0.99

	E.2.1. Accident/incident investigations are conducted with a specific procedure for investigation identified.
	29
	4.52
	0.79

	A.1.4. Safety is visibly/systematically considered in the organization's official plans
	30
	4.53
	0.97

	D.1.3. Management and/or supervisors attend training meetings.
	30
	4.53
	1.01

	E.1.4. Workers have a clear knowledge of existent rules to identify hazards and unsafe behaviours.
	28
	4.54
	0.96

	E.1.3. Once a hazard has been identified, there are adequate barriers set against the identified hazard.
	29
	4.55
	0.95

	C.1.1. Management is actively committed and involved in safety activities.
	28
	4.57
	0.96

	G.1.1. There is a clear procedure for reporting of incidents, accidents or potential hazards, with well-defined roles and responsibilities.
	30
	4.57
	1.01

	E.1.1. Hazard identification and risk assessments are used to develop policies, procedures and practices.
	29
	4.62
	0.94

	E.1.2. Hazards identified are used to develop corrective action plans.
	29
	4.62
	0.94

	B.1.7. The company has an on-site emergency preparedness plan.
	29
	4.69
	0.71

	A.1.5. The Health and Safety policy is conveyed to all relevant stakeholders
	30
	4.7
	0.60

	H.1.1. There is a substance abuse program set in place and advertised to workers.
	30
	4.7
	0.84

	I.1.2. There is regular supervision to keep the job-site and all equipment in order.
	27
	4.7
	0.47

	J.1.2. All management regularly seen on the job-site wear the correct PPEs.
	28
	4.71
	0.60

	B.3.3. Contractors participate in safety meetings.
	29
	4.72
	0.59

	A.1.3. Your company has a written and comprehensive Health and Safety Policy.
	30
	4.73
	0.91

	I.1.3. The job-site has designate areas for waste materials and containers.
	27
	4.74
	0.53

	I.1.4. The job-site has enough protection of flammable materials.
	28
	4.75
	0.59

	F.1.1. Safety meetings are conducted regularly.
	29
	4.76
	0.69


Category Target/Composite Variables Descriptive Statistics
Table 69 summarizes the composite variables for each category and sorts them from lowest means to highest giving an indicator of which composite variable on average is most commonly used amongst the respondents and which had the most variability in responses. 

[bookmark: _Toc475631730]Table 69: Composite Category Variables, Sorted by Ascending Mean Order
	Category Variable 
	N
	Mean
	Std. Dev.

	F.    Safety Meetings
	30
	3.78
	1.055

	B.   Safety in Contract Documents and Stakeholders Responsibilities
	30
	3.95
	0.757

	D.   Safety Training and Orientation
	30
	4.05
	1.018

	E.   Site Investigations
	29
	4.09
	0.898

	K.   Record Keeping
	29
	4.14
	1.109

	G.   Workers' Authorities
	30
	4.20
	0.842

	C.   Management and Supervision Commitment
	29
	4.28
	0.943

	A.   Company’s Strategy for Safety Management
	30
	4.34
	0.933

	H.   Substance Abuse Program
	30
	4.42
	1.0346

	J.    Personal Protective Equipment (PPE) 
	29
	4.55
	0.760

	I.     Housekeeping
	28
	4.64
	0.516



Indicators related to housekeeping and Personal Protective Equipment (PPE) seemed to score higher averages than the rest of the categories, followed by substance abuse programs. These three are expected to be highly popular because they are common practices in the industry and are often enforced by the law, and will be penalized if missing. Their existence could still be used to improve safety performance by altering how they are measured, observed and acted upon. 
Safety meetings and contractual obligations of safety scored a lower average than the rest of the categories. In the case of category F, an interesting phenomenon is observed. While indicator F.1.1, which asks whether safety meetings are conducted regularly, scored the highest average amongst all indicators, with 93% majority saying they employ this practice, the rest of the category indicators score low. This gives an indication that while some indicators are present by nature of maturity of the safety culture in the field, they could be of no value as leading indicators if not combined with other indicators. In the case of category F, if employees participation, evaluations of feedback or involvement of management are not employed alongside of the safety meetings, the indicator could be of little value standing alone. As for category B, it seems that the companies in the local case are still lagging behind in the use of passive leading indicators in which safety is managed from the on-set of the project through contractual documents and project planning. 
4.4. [bookmark: _Toc475631643]Estimates in Difference of Proportions: Mean Differences for Indicators in Different Respondent Groups
The comparison of means in this study aims to find any significant variations among groups of respondents. After testing for normality of all question, it was found that the data was not normally distributed and therefore an alternative to the independent sample t-test was used to investigate mean differences. The results of the tests for normality are shown in Appendix 4. The analysis was done in SPSS using Kruskal Wallis Test is a non-parametric test that shows if there is significant difference amongst the groups. SPSS also allows conducting post-hoc pairwise comparison to see if this variation is significant among certain groups and not the others. The estimates of differences are done for the company size by revenue and number of employee, in order to observe whether the size of the firm has an impact on the use of a certain leading indicator. The mean differences are also estimated for different company service categories such as owners and contractors. The analysis gave the following results: 
4.4.1. [bookmark: _Toc475631644]Difference of Means between Size Groups by Annual Revenue 
A sample of the analysis using SPSS is shown in Figures 22 and 23. This describes how significant difference between the means of different group sizes are found. Complete data analysis set is found in Appendix2.  [bookmark: _Toc467684299]Figure 22: Kruskal Wallis Test Result 


.  












[bookmark: _Toc467684300]Figure 23: Pairwise Comparison in SPSS







Table 70 shows indicators with significant variation among different company revenue groups and highlights the categories for which this variation becomes significant. 
[bookmark: _Toc475631731]
Table 70: Indicators with Significant Difference in Means along Different Revenue Groups
	Indicator
	Description
	Revenue Groups with significant difference

	A.1.4
	Safety is visibly and systematically considered in the organization's official plans
	Small and Medium

	E.2.1
	Accident/incident investigations are conducted with a specific procedure for investigation identified.
	Small and Medium

	G.1.1
	There is a clear procedure for reporting of incidents, accidents or potential hazards, with well-defined roles and responsibilities.
	Small and Medium

	H.1.1
	There is a substance abuse program set in place and advertised to workers.
	Small and Medium

	H.1.2
	Your company conducts an un-announced drug-testing program.
	Small and Medium



[image: ]The graph in Figure 24 shows the difference in means between the different revenue groups for each of the significant indicators in Table 70. All of the significant indicators show a significant difference between small size and medium size firms. This indicates that the variation is notable when moving from small to medium size companies, but not so much when going to large sized companies
  

[bookmark: _Toc467684301]Figure 24: Indicators with Significant Difference in Means along Different Revenue Groups
4.4.2. [bookmark: _Toc475631645]Difference of Means between Size Groups by Number of Employees 
Table 71 shows indicators with significant variation among different company size groups by number of employees and highlights the categories for which this variation becomes significant. The graph in Figure 25 shows the difference in means between the different employee size groups for each of the significant indicators in Table 71. 

[bookmark: _Toc475631732]Table 71: Indicators with Significant Difference in Means along Different Employee Size Groups[bookmark: _Toc467684302]Figure 25: Indicators with significant mean difference with Number of Employees

	Indicator
	Description
	Employee Size Groups with significant difference

	A.2.1
	The company takes safety into consideration when making supervision management staffing decisions.
	2 and 3 

	A.2.2
	The company has a safety officer position or a person only dedicated to supervise and manage safety.
	1 and 3

	B.1.8
	Safety was considered during scheduling of the project.
	2 and 3 

	D.1.4
	There is a site-specific safety orientation for managers.
	2 and 3 

	E.2.2
	Management follows-up on incident investigations.
	2 and 3 

	E.4.1
	Management and/or supervisors conduct some sort of workers' observations for safety purposes.
	1 and 2

	E.4.2
	Workers' observations are recorded and evaluated.
	(1 and 3) +(2 and 3)

	E.5.1
	The organization has a definition of a near miss event, and this definition is conveyed to the workers.
	(1 and 3) +(2 and 3)

	E.5.2
	There is a system for analyzing near miss events in the organization.
	(1 and 3) +(2 and 3)

	F.1.5
	The workers' record of attending safety meeting is used in evaluating performance.
	1 and 3

	F.1.6
	There is a system to evaluate the quality of participation in safety meetings.
	2 and 3 

	F.1.8
	Explanations are given of why actions suggested at safety meetings were undertaken or not.
	2 and 3

	H.1.1
	There is a substance abuse program set in place and advertised to workers.
	1 and 3

	H.1.3
	Your company conducts an un-announced drug testing program.
	1 and 3

	J.1.1
	There is a PPE inspection and maintenance policy.
	2 and 3




The results above show that 10 out of 14 significant indicators have significant differences between group 2 companies (50 to 49 employees) and group 3 (500-10000 employees), with larger companies scoring higher means than the medium size companies. Indicators A.2.2, H.1.1 and H.1.3 show significant difference between small companies and large companies, with significantly higher means for larger companies. E.5.1 and E.5.2 show significant difference between both small and large companies and medium and large companies. This is illustrated in the bar graph in Figure 25, where the mean for category 3 is much higher than the other two categories. 
4.4.3. [bookmark: _Toc475631646]Difference of Means between Company Service Category Groups
Here the comparison is done between the responses of those in different service categories such as owners, consultants and contractors. The comparison had to be done only for those respondents who fell under one category only in order to maintain the assumption of independence for the sample tests. For this purpose, 6 responses with multiple answers were eliminated from the analysis. Similar analysis was attempted on company project sectors (residential, commercial, infrastructure, etc.), but eliminating responses with multiple answers left only few responses making independent sample mean comparisons not possible. 
Table 72 shows indicators with significant variation among different company service and highlights the categories for which this variation becomes significant. The graph in Figure 26 shows the difference in means between the service groups for each of the significant indicators in Table 72. 

[bookmark: _Toc475631733]Table 72: Indicators with Significant Difference in Means along Different Company Service Groups
	Indicator
	Description
	Service Type Groups with significant difference

	A.1.3
	 Your company has a written and comprehensive Health and Safety Policy.
	Consultants and (Owners + GC/GM + Others)

	A.1.4
	Safety is visibly and systematically considered in the organization's official Plans
	Consultants and (Owners + GC/GM + Others)

	A.1.5
	The Health and Safety policy of your company is conveyed to all relevant stakeholders
	Consultants and  (Owners + GC/GM)

	A.2.1
	The company takes safety into consideration when making supervision management staffing decisions.
	Consultants and (Owners + GC/GM + Others)

	A.2.2
	The company has a safety officer position or a person only dedicated to supervise and manage safety.
	Consultants and (GC/GM + Others)

	B.4.1
	Safety records and performance were considered as a pre-qualification to selecting sub-contractor.
	Owner and others + GC/GM and Other

	E.1.4 
	Workers have a clear knowledge of existent rules to identify hazards and unsafe behaviors.
	Owner and Consultant  + GC/GM and Other + Owners and Others

	E.3.1 
	There is a safety auditing program set in place.
	Owner and Consultant  + GC/GM and Other + Owners and Others

	G.1.1 
	There is a clear procedure for reporting of incidents, accidents or potential hazards, with well-defined roles and responsibilities.
	Consultants and (Owners + GC/GM + Others)



[bookmark: _Toc467684303]Figure 26: Indicators with Significant Difference in Means along Different Company Service Groups

The above results show that questions A.1.3, A.1.4, A.2.1, A.2.2, B.1.7, E.1.4, and E.3.1 have significantly lower mean scores for consultants compared to the rest of the groups. Consultants contribute to the mean differences in the rest of the questions scoring lower than one or more of the groups, for instance they scored significantly lower than owners and GC/GM, but close to other service groups in B.1.7. 
4.5. [bookmark: _Toc475631647] Correlations and Associations 
In this section, correlations are used in attempt to uncover any misconceptions or contradictions in the respondents’ understanding of leading indicators. In order to do so, the relationship between the belief of the respondent that the company implements an instituted system of leading indicators and the percent of all indicators that the company uses is examined. The first question in section 2 of the survey, A.1.1, asked the respondents if their companies implemented leading indicators, while the 73 other scale questions asked whether they implement certain practices identified in the literature review as leading safety indicators. Table 73 combines answers by the respondents that were ‘Agree’ and ‘Strongly Agree’ as a combined answer ‘Yes’, while the ‘Strongly Disagree’ and ‘Disagree’ were combined as one answer ‘No’. The Do ‘not Know/No Opinion’ option is kept unchanged. The percentages calculated in this table are the percent of the indicators that the respondent answered ‘Yes’ to as a percent from all the questions that the respondent answered. Similarly, the percentages for the ‘No’ and ‘Do not Know/No Opinion’ options are calculated.

[bookmark: _Toc475631734]Table 73: Respondents Answers to Question A.1.1. Vs. Cumulative Answer to All other Indicators 
	Respondent ID
	A.1.1. 
	Yes
	No 
	Do not Know/No Opinion

	7
	Do not Know/No Opinion
	67.12%
	22.12%
	10.99%

	12
	Do not Know/No Opinion
	84.93%
	11.09%
	4.12%

	14
	Do not Know/No Opinion
	95.89%
	2.78%
	1.37%

	16
	Do not Know/No Opinion
	76.71%
	8.31%
	15.09%

	17
	Do not Know/No Opinion
	55.56%
	40.03%
	4.13%

	1
	No
	23.29%
	53.60%
	23.46%

	4
	No
	58.90%
	26.24%
	15.12%

	5
	No
	32.50%
	11.01%
	26.07%

	8
	No
	63.01%
	30.40%
	6.88%

	21
	No
	5.48%
	57.58%
	37.28%

	2
	Yes
	59.72%
	37.29%
	2.75%

	3
	Yes
	90.41%
	0.00%
	9.59%

	6
	Yes
	83.56%
	5.54%
	10.97%

	9
	Yes
	78.08%
	2.77%
	19.19%

	10
	Yes
	62.50%
	20.73%
	16.49%

	11
	Yes
	93.15%
	0.00%
	6.85%

	13
	Yes
	89.04%
	9.71%
	1.37%

	15
	Yes
	78.57%
	0.00%
	20.55%

	18
	Yes
	90.41%
	0.00%
	9.59%

	19
	Yes
	98.63%
	0.00%
	1.37%

	20
	Yes
	95.71%
	4.16%
	0.00%

	22
	Yes
	65.75%
	24.88%
	9.62%

	23
	Yes
	97.18%
	0.00%
	2.74%

	24
	Yes
	87.67%
	11.09%
	1.37%

	25
	Yes
	94.29%
	4.16%
	1.37%

	26
	Yes
	78.08%
	4.15%
	17.82%

	27
	Yes
	73.24%
	12.45%
	13.72%

	28
	Yes
	92.19%
	6.94%
	0.00%

	29
	Yes
	90.41%
	0.00%
	9.59%

	30
	Yes
	91.67%
	1.39%
	6.85%



The important trends observed in Table 73 are as follows: 
1. All the respondents who answered ‘Do not Know/No Opinion’ to question A.1.1 used a high percentage of all the other indicators, with exception to respondent 17, whose company used a moderate number of the indicators (55.56% of them). Respondent 14 in particular shows an interesting figure of implementing 95.9% of all the indicators (respondent 14 answered all 73 questions with no missing data). 
2. Amongst the respondents who answered ‘No’ to implementing a system of leading indicators, one used a very low percentage (5.48%) of all indicators, which complies with their answer to A.1.1. Another two respondents’ answers also show relatively low percentages on the ‘Yes’ side (respondent 1 with 23% indicators used, and respondent 5 with 32% indicators used), which also complies with their answer to A.1.1. Conversely, two respondents (4 and 8) do give relatively high percentages of the indicators being used in their companies (58.90% and 63.01% respectively). Thus, despite the lack of an instituted system of leading indicators for these 2 respondents, they still used a large percent of those leading indicators.
The analysis above gives an indication that some indicators are used in companies regardless of their understanding or their official adoption of a system of leading indicators. For the purpose of further investigation, a correlation is tested between the first variable (A.1.1) relating to the company’s formal use of a system of leading indicators, and the rest of the survey questions which represent all the safety practices identified in the literature as safety indicators. In order to do so, the questions are re-coded into a 3 point scale of Yes, No and Do not Know (DK=0, N=1, and Y=2). The ‘Yes’ answers combined those who answered ‘Agree’ and ‘Strongly Agree’, and ‘No’ combined those who answered ‘Disagree’ and ‘Strongly Disagree’, while the ‘Do not Know/No Opinion’ answer was kept unchanged. This was done because we are concerned with a correlation between those who believe they do use leading indicators and implement the practices, versus those who do not; the degree of their agreement adds little to this information.
Category A: Company’s Strategy for Safety Management
The Kendall Tau Correlation test conducted for Category A variables to test correlation with Question A.1.1 is shown in Table 74.
 
[bookmark: _Toc475631735]Table 74: Kendall Tau Correlation Test Category A Variables with A.1.1
	Indicator/Safety Practice
	A.1.2.
	A.1.3.
	A.1.4.
	A.1.5.
	A.2.1.
	A.2.2.

	Correlation Coefficient
	.821*
	.209
	.303
	.245
	.385*
	.415*

	Sig. (2-tailed)
	.000
	.248
	.090
	.166
	.031
	.022

	N
	29
	29
	29
	29
	29
	29


*Significant correlation

Indicator A.1.2 is highly correlated to A.1.1, which is expected because A.1.2 asks the respondents if they are familiar with the concept of leading indicators. This means the familiarity of the respondent is highly correlated to whether or not the company implements a system of leading indicator. Moreover, Indicator A.2.1, which relates to staffing of supervision, has significant correlation to A.1.1 which indicates that the implementation of a system of leading indicators is  significantly related to whether or not staffing decisions take safety into consideration. The same applies for A.2.2 on staffing safety directors or personnel, which is also correlated to A.1.1.  
Indicator A.1.3 has no significant correlation to A.1.1, which shows that having an instituted system of leading indicators does not correlate to having a comprehensive written health and safety policy. Moreover, A.1.4 relating to the systematic and visible use of safety in planning, and A.1.5, which is communicating this policy to relevant stakeholders, seemed to lack correlation to having a system of leading indicators. 
Category B: Safety in Contract Documents and Stakeholders Responsibilities
The Kendall Tau Correlation test conducted for Category B variables to test correlation with Question A.1.1 is shown in Table 75. 
[bookmark: _Toc475631736]
Table 75: Kendall Tau Correlation Test Category B Variables with A.1.1
	Indicator/Safety Practice   
	B.1.1.
	B.1.2.
	B.1.3.
	B.1.4.
	B.1.5.
	B.1.6.
	B.1.7.
	B.1.8.

	Correlation Coefficient
	-.086
	-.363*
	0.000
	.061
	.243
	.453*
	.199
	.357*

	Sig. (2-tailed)
	.624
	.035
	1.000
	.729
	.174
	.010
	.273
	.042

	N
	28
	29
	29
	28
	29
	29
	28
	29

	Indicator/Safety Practice
	B.2.1
	B.2.2.
	B.2.3.
	B.3.1.
	B.3.2.
	B.3.3.
	
	

	Correlation Coefficient
	-.035
	.091
	-.268
	-.132
	.258
	.089
	
	

	Sig. (2-tailed)
	.839
	.601
	.119
	.455
	.147
	.621
	
	

	N
	29
	29
	29
	28
	28
	28
	
	

	Indicator/Safety Practice
	B.4.1.
	B.4.2.
	B.4.3.
	B.5.1.
	B.5.2.
	
	
	

	Correlation Coefficient
	.254
	.475*
	.327
	.178
	.152
	
	
	

	Sig. (2-tailed)
	.152
	.007
	.066
	.310
	.390
	
	
	

	N
	28
	28
	28
	28
	28
	
	
	


*Significant correlation

The significant correlations in this category were mixed between positive and negative correlations. B.1.2 (The contract imposes work hour restrictions for workers.) is negatively correlated to A.1.1, this means that those who implemented a system of safety indicators, did not use this practice, while those who had no system in place used the practice. While this is counterintuitive, it is not the case for all respondents, and it only shows an expected confusion and misconception around leading indicators. Indicator B.1.6 (The construction execution plan considers safety matters.) is positively correlated to A.1.1, which means that those who implemented a system of safety indicators used this practice, while those who had no system in place did not use this practice. B.1.8 (Safety was considered during scheduling of the project.) also has a significant positive correlation. This trend is also found in B.4.2 (Sub-contractors are trained on safety culture issues and work practices) with a positive correlation to A.1.1. 
Category C: Management and Supervision Commitment
The Kendall Tau Correlation test conducted for Category C variables to test correlation with Question A.1.1 is shown in Table 76. All indicators related to this category show no significant correlation to A.1.1. This means that the use of such indicators is not related to whether or not a system of leading indicators is set in place for the company. 
[bookmark: _Toc475631737]Table 76: Kendall Tau Correlation Test Category C Variables with A.1.1
	Indicator/Safety Practice
	C.1.1
	C.1.2
	C.1.3
	C.1.4

	Correlation Coefficient
	.174
	.023
	.178
	.112

	Sig. (2-tailed)
	.353
	.900
	.335
	.536

	N
	27
	28
	28
	28



Category D: Safety Training and Orientation
The Kendall Tau Correlation test conducted for Category D variables to test correlation with Question A.1.1 is shown in Table 77.
 
[bookmark: _Toc475631738]Table 77: Kendall Tau Correlation Test Category D Variables with A.1.1
	Indicator/Safety Practice
	D.1.1
	D.1.2
	D.1.3
	D.1.4
	D.1.5
	D.1.6

	Correlation Coefficient
	.336
	.080
	.251
	.356*
	.185
	.092

	Sig. (2-tailed)
	.060
	.644
	.158
	.050
	.289
	.598

	N
	29
	29
	29
	28
	29
	29


*Significant correlation

Only indicator D.1.4 (site-specific orientations) seems to be significantly correlated with A.1.1. While the rest of the indicators in this category such as D.1.1 (workers’ health and safety orientation), D.1.2 (Regular emergency training), D.1.3 (management attending safety meetings) D.1.5 (Supervisors safety leadership training) and D.1.6 (feedback of trainings utilized) do not seem to be correlated. This means that employing such indicators is only related to the existence of a formal leading indicator system by mere chance. 
Category E: Site Investigations 
The Kendall Tau Correlation test conducted for Category E variables to test correlation with Question A.1.1 is shown in Table 78.

[bookmark: _Toc475631739]Table 78: Kendall Tau Correlation Test Category E Variables with A.1.1
	Indicator/Safety Practice
	E.1.1
	E.1.2
	E.1.3
	E.1.4
	E.2.1
	E.2.2
	E.2.3
	E.3.1
	E.3.2
	E.3.3

	Correlation Coefficient
	.190
	.190
	.228
	.163
	.386*
	.414*
	.331
	.327
	.069
	.029

	Sig. (2-tailed)
	.302
	.302
	.216
	.385
	.032
	.021
	.065
	.077
	.696
	.871

	N
	28
	28
	28
	27
	28
	28
	28
	27
	28
	27

	Indicator/Safety Practice
	E.4.1
	E.4.2
	E.4.3
	E.4.4
	E.5.1
	E.5.2
	
	
	
	

	Correlation Coefficient
	.154
	-.012
	-.043
	-.027
	.720**
	.665**
	
	
	
	

	Sig. (2-tailed)
	.391
	.943
	.815
	.881
	.000
	.000
	
	
	
	

	N
	28
	28
	27
	28
	28
	27
	
	
	
	


*Significant correlation

Indicators that showed significant correlation with A.1.1 were:
1. E.2.1 (Accident/incident investigations are conducted with a specific procedure for investigation identified.) and E.2.2 (Management follows-up on incident investigations.) 
2. E.5.1 (having a definition of a near miss event, and this definition is conveyed to the workers) and E.5.2. (There is a system for analyzing near miss events in the organization).
The rest of the indicators in this category do not show correlation with having a system of leading indicators in the company. 
Category F: Safety Meetings
The Kendall Tau Correlation test conducted for Category F variables to test correlation with Question A.1.1 is shown in Table 79.

[bookmark: _Toc475631740]Table 79: Kendall Tau Correlation Test Category F Variables with A.1.1
	Indicator/Safety Practice
	F.1.1
	F.1.4
	F.1.5
	F.1.6
	F.1.7
	F.1.8

	Correlation Coefficient
	.274
	.064
	.038
	.240
	.055
	.025

	Sig. (2-tailed)
	.133
	.722
	.828
	.167
	.755
	.887

	N
	28
	29
	28
	28
	28
	29



All indicators related to this category show no significant correlation to A.1.1. This means that the use of such indicators is not related to whether or not a formal system of leading indicators is set in place for the company. 
Category G: Worker’s Authority
The Kendall Tau Correlation test conducted for Category G variables to test correlation with Question A.1.1 is shown in Table 80. 

[bookmark: _Toc475631741]Table 80: Kendall Tau Correlation Test Category G Variables with A.1.1
	Indicator/Safety Practice
	G.1.1
	G.1.2
	G.1.3
	G.1.4
	G.1.5
	G.2.1

	Correlation Coefficient
	-.080
	-.004
	.206
	-.165
	.108
	.315

	Sig. (2-tailed)
	.653
	.982
	.234
	.337
	.531
	.075

	N
	29
	29
	29
	29
	29
	29



All indicators related to this category show no significant correlation to A.1.1. This means that the use of such indicators is not related to whether or not a system of leading indicators is set in place for the company. 
Category H: Substance Abuse Program
[bookmark: _Toc475631742]The Kendall Tau Correlation test conducted for Category H variables to test correlation with Question A.1.1 is shown in Table 81. 

Table 81: Kendall Tau Correlation Test Category H Variables with A.1.1
	Indicator/Safety Practice
	H.1.1
	H.1.2

	Correlation Coefficient
	-.069
	.218

	Sig. (2-tailed)
	.699
	.222

	N
	29
	29


The results show that the existence of a substance abuse program (H.1.1) and conducting un-announced drug testing (H.1.2) are very uncorrelated to the company’s use of a system of leading indicators (A.1.1). 
Category I: Housekeeping 
The Kendall Tau Correlation test conducted for Category I variables to test correlation with Question A.1.1 is shown in Table 82.

[bookmark: _Toc475631743]Table 82: Kendall Tau Correlation Test Category I Variables with A.1.1
	Indicator/Safety Practice
	I.1.1
	I.1.2
	I.1.3
	I.1.4

	Correlation Coefficient
	.200
	-.047
	-.019
	-.083

	Sig. (2-tailed)
	.271
	.805
	.920
	.652

	N
	27
	26
	26
	27



Indicators of this category also show no significant correlation with A.1.1 indicating that housekeeping practices are not correlated to employing a defined system of leading indicators. 
Category J: Personal Protective Equipment
The Kendall Tau Correlation test conducted for Category J variables to test correlation with Question A.1.1 is shown in Table 83. 

[bookmark: _Toc475631744]Table 83  Kendall Tau Correlation Test Category J Variables with A.1.1
	Indicator/Safety Practice
	J.1.1
	J.1.2

	Correlation Coefficient
	.352
	.018

	Sig. (2-tailed)
	.056
	.923

	N
	28
	27



The same applies to this category, whether or not the company employs a system of leading indicators is irrelevant to the use of PPE related practices
Category K: Record Keeping 
The Kendall Tau Correlation test conducted for Category K variables to test correlation with Question A.1.1 is shown in Table 84. 

[bookmark: _Toc475631745]Table 84: Kendall Tau Correlation Test Category K variables with A.1.1
	Indicator/Safety Practice
	K.1.1
	K.1.2

	Correlation Coefficient
	.397*
	.258

	Sig. (2-tailed)
	.025
	.149

	N
	28
	27



Indicator K.1.1 (There is an incident case history record-keeping system) is correlated to A.1.1, showing that using record keeping leading indicators is significantly correlated to the existence of a formal leading indicators system in the company. The same does not apply to the other indicator of this category. 
Summary of Significant Correlations 
From the above analysis, it can be concluded that out of the 74 indicators represented by scale questions of the survey, only 13 variables had significant correlations to A.1.1. This is an interesting observation because it shows that there is a general state of random application of practices considered as leading indicators, without necessarily having a formal system of leading indicators set in place in the company. This lack of correlation shows that that while some companies that implement leading indicator practices have an instituted system of leading indicators, the same is not true for an equivalent number of other companies. This is consistent with the descriptive analysis discussed at the beginning of this section in Table 72.  
[bookmark: _Toc475631746]The 13 indicators with significant correlation to A.1.1 are summarized in Table 85. Indicators that have a high positive correlation to A.1.1 show that respondents who use a formal system of leading indicators also use this practice, and vice versa, with little contradiction between the two. Indicators that had moderate positive correlation, show that on average those who have a formal system of leading indicators use this practice, and vice versa, but there exists some contradiction between the two. As for the one indicator with high negative correlation, this means that respondents who have a formal system leading indicators do not use this practice, or vice versa, and there is high contradiction between answers to A.1.1 and answer to this indicator. 



Table 85: Summary of Indicators with Correlation to Question A.1.1
	Indicator
	% Agreement  with A.1.1
	Correlation

	A.1.2. - You are familiar with the concept of Leading Safety Indicators
	89.70%
	High Positive Correlation

	A.2.1. - The company takes safety into consideration when making supervision management staffing decisions.
	58.60%
	Moderate Positive Correlation

	A.2.2. - The company has a safety officer position or a person only dedicated to supervise and manage safety.
	72.40%
	High Positive Correlation

	B.1.2. - The contract imposes work hour restrictions for workers.
	34.50%
	High Negative Correlation

	B.1.6. - The construction execution plan considers safety matters.
	62.10%
	Moderate Positive Correlation

	B.1.8. - Safety was considered during scheduling of the project.
	58.60%
	Moderate Positive Correlation

	B.4.2. - Sub-contractors are trained on safety culture issues and work practices.
	55.20%
	Moderate Positive Correlation

	D.1.4. - There is a site-specific safety orientation for managers.
	65.50%
	Moderate Positive Correlation

	E.2.1. - Accident/incident investigations are conducted with a specific procedure for investigation identified.
	62.10%
	Moderate Positive Correlation

	E.2.2. - Management follows-up on incident investigations.
	58.60%
	Moderate Positive Correlation

	E.5.1. - The organization has a definition of a near miss event, and this definition is conveyed to the workers.
	79.30%
	High Positive Correlation

	E.5.2. - There is a system for analysing near miss events in the organization.
	75.00%
	High Positive Correlation

	K.1.1. - There is an incident case history record-keeping system.
	48.30%
	Moderate Positive Correlation



4.6. [bookmark: _Toc475631648] Summary of Findings 
Findings of this research based on the descriptive statistics, the difference in means analysis and the correlation analysis are summarized below. 
4.6.1. [bookmark: _Toc475631649]Findings of Descriptive Statistics 
1. From the summary of all indicators’ descriptive data, it was found that 67% of respondents used some form of an instituted leading indicator system in their companies.
2. Indicators related to contractual safety obligations (represented by Category B) were not commonly used indicators amongst the firms participating in the survey. 
3. Another indicators group that had high variability and low average score was category F, related to safety meetings. While indicator F.1.1, relating to conducting regular safety meetings, scored the highest average among all indicators, with 93% of the respondents using this practice, the rest of the category indicators scored low. This gives an indication that while some indicators are present by nature of maturity of the safety culture in the field, they could be of no value as leading indicators if not combined with other indicators. In the case of this category F, if employees participation, evaluations of feedback or involvement of management are not employed alongside of the safety meetings, the indicator could be of little value standing alone. 
4. Over 48 of the indicators scored averages above 4, showing high popularity amongst the respondents, while many others had averages around 3, showing equal splits in popularity, or indicating lack of knowledge regarding those indicators. 
5. On average the categories that scored highest scores, with great majority (over 80%) of respondents using the related indicators were housekeeping (Category I), PPEs (Category J) and substance abuse programs (Category H). These three practices are expected to be popular because they are common practices in the industry and are often enforced by the law. Their existence could still be used to improve safety performance by altering how they are measured, observed and handled. 
6. Other categories [A. Company’s Strategy for Safety Management, C.   Management and Supervision Commitment, G. Workers' Authorities, K. Record Keeping, E. Site investigation and D. Safety Training and orientation] have overall averages greater than 4, which indicates that the majority of respondents implement practices described by these categories. Some exceptions of individual variables occur, such as G.1.3 representing the evaluation of workers' perceptions of the effectiveness of the anonymous reporting system, which had one of the lowest averages among the indicators. Therefore, it is important to look at the individual indicators as well as the composite categories. 
4.6.1. [bookmark: _Toc475631650]Findings of Comparisons of Means 
The comparison of means in this study aimed to find any significant variations among groups of respondents. The estimates of differences were done for the company size by revenue and number of employee, in order to examine whether the size of the firm has an impact the use of a certain leading indicator. The analysis gave the following results: 
Difference of Means between Size Groups By Annual Revenue 
According to the findings discussed in section 4.4.1, only few of the indicators showed statistically significant difference in means between small sized and medium sized companies. The difference in means stops being significant when moving to large size companies. The indicators that varied significantly with company revenue were: 
1. A.1.4: Safety is visibly and systematically considered in the organization's official plans
2. E.2.1: Accident/incident investigations are conducted with a specific procedure for investigation identified
3. G.1.1 There is a clear procedure for reporting of incidents, accidents or potential hazards, with well-defined roles and responsibilities.
4. H.1.1 There is a substance abuse program set in place and advertised to workers
5. H.1.2 Your company has an un-announced drug testing program.
It is worthy to note that the 5 variables that vary significantly with company size by revenue are all related to passive leading indicators, which involve the company setting safety policies, programs and clear procedures for handling safety issue. In addition, the difference in means for the 5 variables was significant between small and medium size companies, but not between medium and large size companies. This could be attributed to the fact that setting up such policies, programs and procedures is a costly process. Small sized companies are less likely to have set aside a safety budget specifically invested to develop such policies. 
Difference of Means between Size Groups by Number of Employees 
According to the findings discussed in section 4.4.2, more indicators had significant difference in means amongst company size groups when the division is done based on number of employees as opposed to division by revenue. Table 86 shows indicators with statistically significant differences in means with different size groups.
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Table 86: Indicators with Significant Mean Difference with Different Company Size Groups (by Number of Employees)
	Indicator
	Description

	A.2.1
	The company takes safety into consideration when making supervision management staffing decisions.

	A.2.2
	The company has a safety officer position or a person only dedicated to supervise and manage safety.

	B.1.8
	Safety was considered during scheduling of the project.

	D.1.4
	There is a site-specific safety orientation for managers.

	E.2.2
	Management follows-up on incident investigations.

	E.4.1
	Management and/or supervisors conduct some sort of workers' observations for safety purposes.

	E.4.2
	Workers' observations are recorded and evaluated.

	E.5.1
	The organization has a definition of a near miss event, and this definition is conveyed to the workers.

	E.5.2
	There is a system for analyzing near miss events in the organization.

	F.1.5
	The workers' record of attending safety meeting is used in evaluating performance.

	F.1.6
	There is a system to evaluate the quality of participation in safety meetings.

	F.1.8
	Explanations are given of why actions suggested at safety meetings were undertaken or not.

	H.1.1
	There is a substance abuse program set in place and advertised to workers.

	H.1.3
	Your company conducts an un-announced drug testing program.

	J.1.1
	There is a PPE inspection and maintenance policy.


In 10 out of the 14 indicators shown above, the significance in difference of means only becomes evident between group 2 companies (medium size with 50 to 499 employees), with group 3 companies (large size company with 500-10000 employees) with higher means observed for companies in the large size category. The difference is not statically significant between small size and medium size groups however.  
Difference of Means between Company Service Category
Here the comparison was done between respondents in different service groups such as owners, consultants and contractors. Table 87 shows indicators with significant variation amongst different company service groups. Indicators A.1.3, A.1.4, A.2.1, A.2.2, E.1.4, and E.3.1 have significantly lower mean scores for consultants compared to the rest of the groups. Consultants also show most of the trends in the rest of the questions scoring lower than one or more of the groups, for instance they scored significantly lower than owners and GC/GM, but close to other service groups in B.1.7. 
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Table 87: Indicators with Significant Mean Difference with Different Company Service Groups 
	Indicator
	Description

	A.1.3
	 Your company has a written and comprehensive Health and Safety Policy.

	A.1.4
	Safety is visibly and systematically considered in the organization's official Plans

	A.1.5
	The Health and Safety policy of your company is conveyed to all relevant stakeholders

	A.2.1
	The company takes safety into consideration when making supervision management staffing decisions.

	A.2.2
	The company has a safety officer position or a person only dedicated to supervise and manage safety.

	B.4.1
	Safety records and performance were considered as a pre-qualification to se...

	E.1.4 
	Workers have a clear knowledge of existent rules to identify hazards and unsafe behaviors.

	E.3.1 
	There is a safety auditing program set in place.

	G.1.1 
	There is a clear procedure for reporting of incidents, accidents or potential hazards, with well-defined roles and responsibilities.


4.6.2. [bookmark: _Toc475631651]Findings of Correlations 
One important assumption that this research started with is that the concept of leading indicators is not widely understood amongst members of the construction industry. As supported by the literature, there is high confusion around the definitions of leading indicators and their use to predict and improve safety performance.  It was hypothesized that, considering the known confusion around the concept, some companies might believe they employ leading indicators well while the reality of their practices reflect otherwise. On the other hand, many companies could be using practices and policies that are identified by experts as leading indicators, but due to lack of knowledge, they believe that their companies do not use such indicators. These discrepancies were highlighted by testing correlations between the existence of a formal leading indicator system in the company (represented by question A.1.1) and the use of the rest of the indicators. The analysis highlighted the following observations: 
1. Respondents who were unaware of or did not use a formal system of leading indicators were not necessarily falling short in the use of practices classified as leading indicators. In fact, most of these respondents used somewhere between 58% and 80% of all indicators in the survey.  
2. Correlations tested between the first variable A.1.1 and the rest of the survey showed that 61 out of the 74 leading indicators are being used with no significant correlation with whether or not the company uses a formal system of leading indicators. 
The above findings confirm that there is lack of familiarity with the concept of leading indicators. Companies that use leading indicators are using them haphazardly and with no clear knowledge of how to set them up in a system in order to maximize their benefits in improving safety performance. Furthermore, these result shows that the amount of effort than needs to be exerted to introduce systems of leading indicators to unfamiliar companies should be directed towards managing existing practices. Companies need to be made aware that the system is already partly built in their companies, and only interpretations and evaluations should be introduced in a way to make these practices effective leading indicators.
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Conclusions and Future Recommendations
[bookmark: _Toc475631653] Conclusions
The construction industry continues to witness significant advancements in commonly practiced safety management techniques. It seems that more and more companies on the national level are implementing a wide range of safety leading indicators. Existing research in the area of leading indicators in construction has mainly two purposes. First, the research is aimed at identifying leading indicators through extensive literature reviews, expert brainstorming sessions and expert based surveys, such as the work of Hallowell and Gambatese (2009). This research has created a database of all safety practices, strategies, and management techniques that experts believe would serve as dynamic predictors of future safety hazards that can be adjusted to improve safety performance. The other arm of the research aims to find out which of these leading indicators are most effective in predicting safety performance. The work of scholars such as Leveson (2014) and Hale (2009) aims to investigate what characteristics make a leading indicator the most effective. Other research such as Tomlison (2011), Rajerdan (2013) and Hinze (2009) studied national scale projects using case studies, interviews and industry surveys in attempt to correlate leading indicators to safety performance. This has resulted in rankings and thresholds defined to the most used leading indicators in the industry. 
While the efforts in the academic field are extensive in defining the most effective leading indicators, trends of penetration of such practices in the local industries of the United States is still not greatly investigated. Furthermore, and as admitted by many experts in the field, there is still great confusion around definitions of leading indicators. There is lack of understanding and familiarity of what exactly these practices entail and how to optimize their use to best improve safety. 
This research aimed to understand the usage trends of leading indicators in local construction firms in East and Middle Tennessee. The purpose was to investigate whether or not leading indicators are being implemented, are they well understood, and is there a trend that can be observed along different types of companies in terms of size or services. 
The findings of the survey show that 66.7% of the firms investigated had an instituted system of safety indicators. Amongst these firms, 50% used over 90% of all indicators found in the survey. On the other hand, the firms that did not use or were not aware of an instituted system of leading indicators, still greatly used many of the practices. Only one firm actually used very few indicators, while the rest used over 25% of all indicators, with some respondents using as high as 75% of all indicators. This indicates, that despite being unaware of an instituted system of leading indicators, most of the firms used a significant amount of indicators. These findings confirmed that there is a significant lack of familiarity with the concept of leading in the local industry. Many of the companies that use practices defined as leading indicators seem to be using them haphazardly and with no clear knowledge of how to set them up in a system in order to maximize their benefits in improving safety performance. 
From the 78 investigated indicators, 48 were popularly used by over 50% of the respondents. Twenty five indicators were used by over 80% of all respondents. The indicator categories most popular, with a majority of over 80% of respondents using them were housekeeping, use of PPE’s and substance abuse programs. On the other hands, the least popular indicators, with less than 30% of the respondents using them, were contractual safety obligations, feedback and perceptions of safety meetings, in addition to evaluations of reporting systems. From such information, it is concluded that safety indicators requiring the most focus and development are: (1) indicators related to contractual safety management and how it reflects on stakeholders and (2) indicators that use evaluations and feedback from other practices, for instance, evaluation of quality of safety meetings, or the evaluation of worker’s perception of the anonymity of the reporting system.
Furthermore, the findings of the research also show that passive leading indicators, which involve the company’s safety policies, setting in place programs and creating clear procedures for handling safety issues, were the ones that greatly varied amongst respondents with different company sizes. Larger companies seemed to have more means to invest in safety budgets and to set up such policies, programs and procedures. Smaller companies seemed to lack the use of more complex strategy and policy based indicators, but instead used straightforward and popular indicators such as use of PPEs on site and proper housekeeping. This could be attributed to the greater investment in safety budgets to set up such policies, programs and procedures. This difference implies that smaller companies who lack the means to set up safety policies and strategies should not necessarily be discouraged to embark on a system of leading indicators. Since they proved to be using many other indicators, developing those into systems that are more effective should be sufficiently beneficial. Moreover, the findings show no significant difference in practices amongst owners and contractors, but do spot differences in the practices of consultants. Consultants scored lower on indicators related to safety management and planning than other service categories, they also scored lower on indicators related to site investigation. This is another area that should be investigated in future research.
[bookmark: _Toc475631654]Future Recommendations 
[bookmark: _Toc420995911][bookmark: _Toc422997498][bookmark: _Toc427156483]The use of safety leading indicators has been receiving growing attention and it is important to understand how the knowledge being developed in the academic field, and implemented in large scale national companies, is being adopted in smaller scale local companies. Following the efforts of this research to understand the penetration of leading indicators in local cases represented by the state of Tennessee, the following recommendations are given from the findings and limitations of this research: 
[bookmark: _Toc475631655]5.2.1 The Scope of Work and Limitations
This research took Tennessee as a case study for local companies in the construction industry. Generalizing the survey results could be possibly done for states of similar nature, culture and industry safety performance, however this needs to be done carefully and not extended to states with less commonalities. Therefore, it is recommended that further research be done to investigate similar local and regional scales, due to the expected variations in patterns of safety culture with local industry characteristics, state economy, or other factors such as weather. Furthermore, the scope of the research was limited to the investigation of the trends of usage of leading indicators but did not study the effectiveness of the used indicators in improving safety. Thus, it is advisable for research to combine the understanding of local penetration with rankings of indicators based on effectiveness to create a database of approachable, effective, and easy to implement indicators. It is also important to note that there are several confounding factors affecting the introduction of leading indicators to any company. These can be the characteristics of the employee pool, management buy in, company’s safety records, and nature of projects (Wehle and Hinze 2009). While company size could be indicative of many of these confounding factors, future research should look into each of these factors separately and correlate them with trends of indicators use. 
[bookmark: _Toc475631656]5.2.3 Utilizing the Findings in the Industry
The findings of this research highlighted that most local firms already use some sort of leading indicator practices regardless of having a formal awareness about the concept. Consequently, it is recommended that managers of companies and leaders of the industry utilize such findings to direct the industry to develop already popular indicators. The findings will provide safety practitioners with practical knowledge to focus their attention on safety practices they already employ in some form in their companies. Emphasis should be made on how instituted systems can be utilized without introducing radical changes to the company, so that the effort, investment and time needed to introduce such systems and policies become less intimidating. Instead of tackling leading indicators that are new, complicated and unfamiliar, local firms could introduce few changes to their currently used practices, in terms of measurement, monitoring, follow-up and evaluation to take them from routine practices to vital components of a leading indicator system. 
While this research was implemented in Tennessee, its results could be applied and transferred to other neighboring states that share some commonalities in the southeast. The southeastern states share cultural influences, weather conditions, and economic size of the construction industry. Therefore, it is possible that the results can be effectively generalized to Southeastern states with similar industry characteristics. For instance, the construction industry in North Carolina has 3.5% contribution to the state’s GDP and employs 197,000 employees (AGC 2015-d), both figures being very similar to those of Tennessee relative to the population. The state had also a slightly lower but comparable rate of fatality in construction of 3.4 per 100,000 full time equivalent workers (BLS 2015). Statistics for GDP contribution, employment rates and fatality rates are also comparable in Georgia (AGC 2015-c; BLS 2015) and Alabama (AGC 2015-b; BLS 2015). Consequently, it is would be worthwhile to further investigate how similar or different the utilization of leading indicators are in these states. 
Moving from the regional level, it would be worthwhile to investigate how safety practices vary in other regions of different characteristics. Providing guidelines on safety indicators’ implementation should be location specific. Hence, comparing and contrasting safety practices in other regions, such as the Northeast and Midwest, would be necessary. Such comparison would uncover latent factors affecting safety such as cultural influences, geography, weather, and nature of construction. For instance, the construction industry in New Jersey generates $22 billion of economic contribution (AGC 2016), that is twice what the industry generates in Tennessee (while employing same number of employees relative to population). New Jersey has an injury rate of 2.3 compared to Tennessee’s 3.4 (BLS 2015). There is clearly difficulty in generalizing safety culture amongst the two, which in turn drives investigation towards finding regional trends, which could be beneficial for the industry as a whole. 
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Background:
In 2014, the construction industry in the State of Tennessee generated $11 billion in revenue contributing to 3.5% of the State’s GDP; it has also employed a total of 113,300 employees and is continuing to grow. This growing rate is accompanied with a growing concern for safety in construction sites, especially that the total fatal injuries in Tennessee’s construction industry amounts to 17.2% of all fatal injuries in the workplace.  The ultimate objective of this research is to promote and support a safer and healthier construction environment through studying an important approach to improving safety; and that is the use of leading safety indicators. For this purpose, this survey aims to collect information to quantify the use of such indicators on ongoing construction projects in Tennessee.
Leading indicators are metrics that measure events, activities, behaviors, or processes that precede the occurrence of an incident, accident, or injury 
This survey is conducted for a research under the Department of Civil and Environmental Engineering in the University of Tennessee, Knoxville. 
Survey Request and Privacy Statement:
You are kindly requested to complete this questionnaire based on your experience in the local construction industry of Tennessee, and following your work under a current and ongoing construction project. Your participation is really valued and important to complete the effort of understanding the leading safety indicators most applicable to our local case and most successful in predicting safety performance and improving it. 
Please note that your name, company name and contact information will be removed from the survey data before its analysis to protect both your and your company's privacy.  Also, a copy of the final survey results can be provided to you upon your request 
Survey Organization 
The Survey is divided into 2 sections as shown below. The sections have subsections that vary in length.  
[image: Survey Sections]






The survey will take 20-30 minutes to fill. We appreciate your patience. If you prefer a hard copy of the survey, or for further information and inquiries please contact Ms. Noor Akroush [nakroush@vols.utk.edu] or Dr. Islam El-Adaway [eladaway@utk.edu]. If you have questions about your rights as a research participant, please contact the University Of Tennessee Office Of Research Compliance at 865-974-7697 or utkirb@utk.edu.


Section 1: Background Information
1. Respondent Data
I.1. Name:  ___________________________________________________________
I.2. Company Name: ____________________________________________________
I.3. Company Address: __________________________________________________
I.4. Job Position: _______________________________________________________
I.5. E-mail Address: _____________________________________________________
I.6. Years of Experience in Construction: _____________________________________
 
II. Company Profile
II.1. Type of services of the company: (Check all that apply)
Owner
Consultant
General Contracting Construction Management 
MEP Trades (Mechanical, Electrical, Plumbing) 
Supplier
Other trade (specify):  ____________________

II.2. Sector of the company's projects: (Check all that apply)
Residential 
Commercial 
Infrastructure 
Heavy industrial 
Other Sector (specify):  ____________________

1. Company’s approximate annual revenue: ___________
1. Number of employees: ___________
1. Number of field workers: ___________
1. Company's OSHA Total Recordable Injury Rate (TRIR) - Please provide latest statistic 
1. Company's OSHA  Restricted Work or Transfer Rates (DART) - Please provide latest statistic 

III. Project Profile
III.1. Project Sector:
Residential 
Commercial 
Infrastructure 
Heavy industrial       
Other Sector (specify):    ____________________

III.2. Project Location: ____________________
III.3. Project Delivery Method
Traditional (Design-Bid-Build)       
Design Build 
Turn-key
Construction Management     

III.4. Contract type:
Re-measured (unit price)  
Lump-sum  
Cost Plus  

III.5. Project Value and Completion
Approximate Contract Value ($)  _________________
Approximate Level of completion of the project in % _________________
Project Intended Completion Date _________________

III.8. Project Status: (Check what applies)
	
	Below Budget 
	Over Budget 
	On Budget 

	Ahead of Schedule 
	
	
	

	Behind Schedule 
	
	
	

	On Schedule 
	
	
	



III.9. Project Staff
Number of workers on site_________________
Number of supervisors on site _________________
Number of safety managers for the project _________________



Section 2: Safety Indicators
1. Company’s Strategy for Safety Management
A.1. Strategies and Policies
A.1.1. Your company employs a Leading Safety Indicators System in its safety management approach
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


A.1.2. You are familiar with the concept of Leading Safety Indicators
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


A.1.3. Your company has a written and comprehensive Health and Safety Policy.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


A.1.4. Safety is visibly and systematically considered in the organization's official plans and strategy documents.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


A.1.5. The Health and Safety policy of your company is conveyed to all relevant stakeholders.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


A.1.6. Is there a safety budget in your company? If yes how much? ___________________

A.2. Staffing for Safety
A.2.1. The company takes safety into consideration when making supervision and management staffing decisions.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


A.2.2. The company has a safety officer position or a person only dedicated to supervise and manage safety.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


A.2.3. (If Applicable) What is the number (or percent) of management personnel with OSHA certification cards?_______________
A.2.4. (If Applicable) What is the number or percent of field workers with OSHA certification cards?____________________

1. Safety in Contract Documents and Stakeholders Responsibilities
B.1. Contract and Design
B.1.1. The contract sets a minimum ratio of safety supervisors to workers.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.1.2. The contract imposes work hour restrictions for workers.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.1.3. The contract obliges contractors and sub-contractors to attend safety meetings.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.1.4. Safety is considered during the design phase of the project.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.1.5. The site layout plan considers safety matters.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.1.6. The construction execution plan considers safety matters.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.1.7. The company has an on-site emergency preparedness plan.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.1.8. Safety was considered during scheduling of the project.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



B.2. The Owner
B.2.1. The owner has reviewed and approved the safety plan.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.2.2. The owner has a visible promotion of job-site safety.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.2.3. The owner conducts safety walkthroughs.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



B.3. Contractors
B.3.1. Safety records and performance were considered as a pre-qualification to selecting the contractor.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.3.2. Contractors are trained on safety culture issues and work practices.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.3.3. Contractors participate in safety meetings.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree





B.4. Sub-contractors
B.4.1. Safety records and performance were considered as a pre-qualification to selecting the sub-contractors.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.4.2. Sub-contractors are trained on safety culture issues and work practices.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.4.3. Sub-contractors participate of in safety meetings.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



B.5. Vendors/Suppliers
B.5.1. Vendors are made aware of the Health and Safety policy of the organization.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


B.5.2. Vendors undergo safety orientations.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



1. Management and Supervision Commitment
C.1.1. Management is actively committed and involved in safety activities.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


C.1.2. Management portrays zero tolerance to non-compliance to safety policies.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


C.1.3. Management offers recognition or reward system for safe behavior.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree





C.1.4. Safety issues are discussed in management meetings often.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


C.1.5. (If Applicable) What is the number of monthly management walkthroughs? ___________

1. Safety Training and Orientation
D.1.1. Workers undergo safety and health orientation and training that are project specific.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


D.1.2. There are regular trainings on emergencies on-site.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


D.1.3. Management and/or supervisors attend training meetings.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


D.1.4. There is a site-specific safety orientation for managers.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


D.1.5. Supervisors undergo safety leadership training.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


D.1.6. There is feedback gathered from the trainees and utilized in developing the training program.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



1. Site Investigations
E.1. Hazard Identification and Corrective Actions
E.1.1. Hazard identification and risk assessments are used to develop policies, procedures and practices.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.1.2. Hazards identified are used to develop corrective action plans to deal with emerging hazards.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.1.3. Once a hazard has been identified, there are adequate barriers set against the identified hazard.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



E.1.4. Workers have a clear knowledge of existent rules to identify hazards and unsafe behaviors.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



E.2. Accident Investigation and Follow up
E.2.1. Accident/incident investigations are conducted with a specific procedure for investigation identified.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



E.2.2. Management follows-up on incident investigations.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.2.3. Root-cause analysis is conducted on recorded incidents.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.2.4. (If Applicable) What is the percentage of incident reports on which root cause analysis was undertaken? __________________________

E.3. Safety Audits
E.3.1. There is a safety auditing program set in place.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.3.2. There is a safety audit score calculated and monitored.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.3.3. Contractors participate in safety audits.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.3.4. (If Applicable) What is the percentage of audits completed as a percent of scheduled audits?  _____________
E.3.5. (If Applicable) What is the percent of safety compliance on safety audits?_______________

E.4. Workers' Observation
E.4.1. Management and/or supervisors conduct some sort of workers' observations for safety purposes.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.4.2. Workers' observations are recorded and evaluated.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.4.3. At-risk behaviors are reported.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



E.4.4. The severity of at-risk behaviors is reported.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.4.5. If there is a worker observation program, what is the monthly number of Workers observations conducted? __________________

E.5. Near Miss Investigation
E.5.1. The organization has a definition of a near miss event, and this definition is conveyed to the workers.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.5.2. There is a system for analyzing near miss events in the organization.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


E.5.3. (If applicable) what is the number of near Misses reported per 200,000 h of worker exposure? ________________

1. Safety Meetings
F.1.1. Safety meetings are conducted regularly.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


F.1.2. What is the number of safety meetings conducted monthly? _________
F.1.3. What percent of safety meetings are attended by supervisors/ managers? __________
F.1.4. There is a system to keep track of the attendance rates at safety meetings. 
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


F.1.5. The workers' record of attending safety meeting is used in evaluating performance.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


F.1.6. There is a system to evaluate the quality of participation in safety meetings.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



F.1.7. Management/supervisors provide positive feedback or incentives for quality participation in safety meetings.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


F.1.8. Explanations are given of why actions suggested at safety meetings were undertaken or not.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



1. Workers' Authorities
G.1. Reporting of incidents, accidents or potential hazards
G.1.1. There is a clear procedure for reporting of incidents, accidents or potential hazards, with well-defined roles and responsibilities.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


G.1.2. The reporting procedure is anonymous.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


G.1.3. Workers' perceptions of the effectiveness of the anonymous reporting system are evaluated.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


G.1.4. Workers are given positive incentive to report potential hazards.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


G.1.5. Management/supervisors attempt to avoid blaming of workers who report incidents or accidents.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



G.2. Stop Work Authority
G.2.1. There is a policy to empower workers to stop work in case of incidences or near misses.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



1. Substance Abuse Program 
H.1.1. There is a substance abuse program set in place and advertised to workers.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


H.1.2. Your company conducts an un-announced drug testing program.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


H.1.3. (If Applicable) what percent of random drug testing scored negative _________________

1. Housekeeping
I.1.1. Your company has a planning system for the adequate disposal of scrap, waste and surplus materials.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


I.1.2. There is regular supervision to keep the job-site and all equipment in order.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


I.1.3. The job-site has designate areas for waste materials and containers to dispose them.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


I.1.4. The job-site has enough protection of flammable materials.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



1. Personal Protective Equipment (PPE)
J.1.1. There is a PPE inspection and maintenance policy.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


J.1.2. All management regularly seen on the job-site wear the correct PPEs.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree



1. Record Keeping
K.1.1. There is an incident case history record-keeping system.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree


K.1.2. There is a record keeping system for accident analysis and corrective actions.
	Strongly Agree
	Somewhat Agree
	Don't Know/No Opinion
	Somewhat Disagree
	Strongly Disagree
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Comparison of Means by Revenue Group: 
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Pairwise Comparison by Revenue Group for A.1.4
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Pairwise Comparison by Revenue Group for E.2.1
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Pairwise Comparison by Revenue Group for G.1.1
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Pairwise Comparison by Revenue Group for H.1.1
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Pairwise Comparison by Revenue Group for H.1.2.
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Comparison of Means by Number of Employee Group
[image: ]

[image: ]

[image: ]

[image: ]

[image: ]

[image: ]

[image: ]

[image: ]





Pairwise Comparison by Number of Employees Group for A.2.1.
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Pairwise Comparison by Number of Employees Group for A.2.2.
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Pairwise Comparison by Number of Employees Group for B.1.8.
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Pairwise Comparison by Number of Employees Group for D.1.4.
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Pairwise Comparison by Number of Employees Group for E.2.2.
[image: ]

Pairwise Comparison by Number of Employees Group for E.4.1.
[image: ]




Pairwise Comparison by Number of Employees Group for E.4.2.
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Pairwise Comparison by Number of Employees Group for E.5.1
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Pairwise Comparison by Number of Employees Group for E.5.2.
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Pairwise Comparison by Number of Employees Group for F.1.8.
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Pairwise Comparison by Number of Employees Group for H.1.1.
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Pairwise Comparison by Number of Employees Group for H.1.2.
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Comparison of Means by Company Service Category: [image: ]
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Pairwise Comparison by Company Service Group for A.1.3
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Pairwise Comparison by Company Service Group for A.1.4
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Pairwise Comparison by Company Service Group for A.1.5
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Pairwise Comparison by Company Service Group for A.2.1
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Pairwise Comparison by Company Service Group for A.2.2
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Pairwise Comparison by Company Service Group for B.1.4
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Pairwise Comparison by Company Service Group for E.1.4
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Pairwise Comparison by Company Service Group for E.3.1
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Pairwise Comparison by Company Service Group for G.1.1
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Transportation and material moving occupations	Construction and extraction occupations	Building and grounds cleaning and maintenance occupations	Installation, maintenance, and repair occupations	Production occupations	Healthcare practitioners and technical occupations	Management occupations	Farming, fishing, and forestry occupations	30	16	9	7	6	5	5	4	Project Sector


Residential	Commercial	Infrastructure	Heavy industrial	Other Sector
	6.8965517241379309E-2	0.55172413793103448	0.37931034482758619	0.20689655172413793	6.8965517241379309E-2	


Percent of Accidents for which Root Cause Analysis is Conducted


NA	0%	Over 0% and under 50% 	50% to under 100% 	100%	1	3	3	3	10	

Indicators with significant variation with Employee Size

1 (1-49 Employees)	A.2.1.	A.2.2.	B.1.8.	D.1.4	E.4.1	E.4.2	E.5.1	E.5.2	F.1.5	F.1.6	F.1.8	H.1.1	H.1.2	J.1.1	4.4400000000000004	3.11	4.1100000000000003	3.5	3.63	3	3	2.71	2.56	3.11	4.22	4.1100000000000003	3.33	4.13	2 (50-499 Employees)	A.2.1.	A.2.2.	B.1.8.	D.1.4	E.4.1	E.4.2	E.5.1	E.5.2	F.1.5	F.1.6	F.1.8	H.1.1	H.1.2	J.1.1	4.08	4.25	3.92	3.5	4.75	2.92	3.08	2.92	3.45	2.4500000000000002	3.17	4.92	4.42	4.17	3 (500-10000 Employees)	A.2.1.	A.2.2.	B.1.8.	D.1.4	E.4.1	E.4.2	E.5.1	E.5.2	F.1.5	F.1.6	F.1.8	H.1.1	H.1.2	J.1.1	5	5	5	4.88	4.63	4.38	4.88	4.88	4.38	4.13	4.63	5	5	5	Question


Average Score for Respondents




Indicators with significant variation with Company Service


Owner	A.1.3.	A.1.4.	A.1.5.	A.2.1.	A.2.2.	B.4.1.	E.1.4	E.3.1	G.1.1	5	5	5	5	3.67	4.67	5	5	4.67	Consultant	A.1.3.	A.1.4.	A.1.5.	A.2.1.	A.2.2.	B.4.1.	E.1.4	E.3.1	G.1.1	1.5	3	3.5	2	1	3	2	2	2.5	GC/GM	A.1.3.	A.1.4.	A.1.5.	A.2.1.	A.2.2.	B.4.1.	E.1.4	E.3.1	G.1.1	5	4.8	4.8	4.5999999999999996	4.67	4.53	4.5999999999999996	4.43	4.8	Other	A.1.3.	A.1.4.	A.1.5.	A.2.1.	A.2.2.	B.4.1.	E.1.4	E.3.1	G.1.1	5	5	4.67	4.67	4.67	2.33	4	3.67	5	Question


Average Score for Respondents
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Figure 20: Category J Indicator Averages Bar Graph
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R the category, has the following statistics shojwn in Table 61.

ES9OF 191 44192 WORDS LISH (UNITED STATES)





image18.png
@ H S

O = MS Thesis Revised Draft-Noor Akroush - Microsoft Word

[l HOME  INSERT  DESIGN  PAGELAYOUT ~ REFERENCES  MALINGS  REVEW  VEW  EndNoteX  NITROPRO

0

Hbreaks- ndent Spacing

Margins Orientation  Size  Columns

S

£D)Line Numbers - et [0em

Position Send  Selection

Bring

PAGE 101 OF 189

O

o5 O™ b yphenation~  SERight [009cm - (S Afer opt  © Text- Forward - Backward < Pane  ~h Rotate
Page Setup 5 Paragraph 5 Arrange
1 2 3 aos G B2 B B 0 i 2 e f fi
K. Record Keeping
5
F4
2
23
o
=
&2
1
K11 K1.2.
Indicators Related to Record Keeping
K.1.1. - There is an incident case history record-keeping system.
K.1.2. - There is a record keeping system for accident analysis and corrective actions.

44169 WORDS [[%  ENGLISH (UNITED STATES)

2

Format Text Effects
A b

> SHADOW
» REFLECTION
> Glow

> SOFT EDGES
» 3-D FORMAT

Signin

B -—————+ 1%

%) @ e

11:40 AM

o T




image19.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The distibution of A1.1_ is thelldependent Retain the
1 Zame soross ostegeries ot SATEl 216l
Tompany Revanue Craup. it Fypothess
The distibution of 412 is thelldependent Retsin the
2 same scrom categaties ot camel  l
Eompany Revanue Craup, it Fypothess
The ditibution of A1, isthe [ndependent Retain the
3 same across categories of - SRl 2 ol
Tompany Revanue Craup. it Fypotnesis
The distibution of A1 4 is thelldependent
¢ same across categories i gamPl
Eompany Revamis Gravp.  ludal
The distibution of A1 5. is thelldependent Retain the
5 same scrom categaries ot~ SATPl 216 il
Tompany Revanue Craup. it Fypothess
The distibution of A2 1 is thelldependent Retsin the
6 same across categories o1 gaPl o7 ol
Eompany Revanue Craup, it Fypotnesis
The ditibution of A2.2. isthe [Tdependent Retain the
7 same across categories of - SRl oan ol
Tompany Revanue Craup. it Fypotnesis
The ditibution of B.1.1_is thelldependent Retsin the
6 same scrom categories o1 camel ote il
Eompany Revanue Craup, it Fypothess
The ditibution of .12 is thelldependent Retain the
9 same across categories of gaPl B
Tompany Revanue Craup. it Fypotnesis
The distibution of 1.3 isthe [n3ePendent Retsin the
10 same aoross categoriesof  RaEL a4 ol
Eompany Revanue Craup, it Fypotnesis

Asymptotc significances are displayed. The signfioance level i 05





image20.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The distibution of A1.1_ is thelldependent Retain the
1 Zame soross ostegeries ot SATEl 216l
Tompany Revanue Craup. it Fypothess
The distibution of 412 is thelldependent Retsin the
2 same scrom categaties ot camel  l
Eompany Revanue Craup, it Fypothess
The ditibution of A1, isthe [ndependent Retain the
3 same across categories of - SRl 2 ol
Tompany Revanue Craup. it Fypotnesis
The distibution of A1 4 is thelldependent
¢ same across categories i gamPl
Eompany Revamis Gravp.  ludal
The distibution of A1 5. is thelldependent Retain the
5 same scrom categaries ot~ SATPl 216 il
Tompany Revanue Craup. it Fypothess
The distibution of A2 1 is thelldependent Retsin the
6 same across categories o1 gaPl o7 ol
Eompany Revanue Craup, it Fypotnesis
The ditibution of A2.2. isthe [Tdependent Retain the
7 same across categories of - SRl oan ol
Tompany Revanue Craup. it Fypotnesis
The ditibution of B.1.1_is thelldependent Retsin the
6 same scrom categories o1 camel ote il
Eompany Revanue Craup, it Fypothess
The ditibution of .12 is thelldependent Retain the
9 same across categories of gaPl B
Tompany Revanue Craup. it Fypotnesis
The distibution of 1.3 isthe [n3ePendent Retsin the
10 same aoross categoriesof  RaEL a4 ol
Eompany Revanue Craup, it Fypotnesis

Asymptotc significances are displayed. The signfioance level i 05





image21.png
Pairwise Comparisons of Company Revenue Group

Each node shaws the sampls averags rank of Company Revenus Group.

Test - Std. - Std. Testo
Statistic ~_Error St <

Sig. © Adisig 2]

12 6975 2614 2688 008
13 07 aaes 812 08t 183
23 e ane 30 76 1000

Each rowtests the null hypothesis that the Sampls 1 and Sample
2 distribufions are the same.

Asympotc sgniicances (-sdad tsts) ar displayed. The
significance lsvel is




image22.png
Pairwise Comparisons of Company Revenue Group

Each node shaws the sampls averags rank of Company Revenus Group.

Test - Std. - Std. Testo
Statistic ~_Error St <

Sig. © Adisig 2]

12 6975 2614 2688 008
13 07 aaes 812 08t 183
23 e ane 30 76 1000

Each rowtests the null hypothesis that the Sampls 1 and Sample
2 distribufions are the same.

Asympotc sgniicances (-sdad tsts) ar displayed. The
significance lsvel is




image23.png
Average Score for Respondents

5

IS

w

~

1

Indicators with significant variation with Revenue

G.11
Question

u Large Sized
® Medium Sized

m Small Sized




image24.png
Section 1: Background Information

Respondent Data Company Profile

Section 2: Safety Indicators

C. Management &

A Company Strategy for B. Safety in Contracts &

Safety Management Stakeholders' Responsibilties fopaysiont
F. Safety G. Workers™ H. Substance —
Mestings Authorities Abuse Program tousekeeping

Project Profile

D. Safety Training &
Orientation

4. Personal Protective.
Equipment

E. Site
Investigations

K. Record
Keeping




image25.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The distibution of A1.1_ is thelldependent Retain the
1 Zame soross ostegeries ot SATEl 216l
Tompany Revanue Craup. it Fypothess
The distibution of 412 is thelldependent Retsin the
2 same scrom categaties ot camel  l
Eompany Revanue Craup, it Fypothess
The ditibution of A1, isthe [ndependent Retain the
3 same across categories of - SRl 2 ol
Tompany Revanue Craup. it Fypotnesis
The distibution of A1 4 is thelldependent
¢ same across categories i gamPl
Eompany Revamis Gravp.  ludal
The distibution of A1 5. is thelldependent Retain the
5 same scrom categaries ot~ SATPl 216 il
Tompany Revanue Craup. it Fypothess
The distibution of A2 1 is thelldependent Retsin the
6 same across categories o1 gaPl o7 ol
Eompany Revanue Craup, it Fypothess
The ditibution of A2.2. isthe [Tdependent Retain the
7 same across categories of - SRl oan ol
Tompany Revanue Craup. it Fypotnesis
The ditibution of B.1.1_is thelldependent Retsin the
6 same scrom categories o1 camel ote il
Eompany Revanue Craup, it Fypothess
The ditibution of .12 is thelldependent Retain the
9 same across categories of gaPl B
Tompany Revanue Craup. it Fypothess
The distibution of 1.3 isthe [n3ePendent Retsin the
10 same aoross categoriesof  RaEL a4 ol
Eompany Revanue Craup, it Fypotnesis
The ditibution of B.1.4_ is thelldependent Retain the
14 2ame soross ostegoriesof - SATEl el
Tompany Revanue Craup. it Fypothess

Asymptotc significances are displayed. The signfioance level s 05





image26.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The distibution of .15, isthe [n3ePendent Retain the
12 2ame soross ostegoriesof - SATEl 8l
Tompany Revanue Craup. it Fypothess
The distibution of .15, isthe [ndePendent Retsin the
13 came across catsgorissof | ZaEl ozl
Eompany Revanue Craup, it Fypothess
The ditibution of 817, isthe [ndependent Retain the
14 same aoross categoriesof | RaTEL sz ol
Tompany Revanue Craup. it Fypotnesis
The ditibution of 8.1, is thelldependent Retsin the
15 came actoss catsaoriss ot ZaEl a1l
Eompany Revanue Craup, it Fypothess
The ditibution of 8.2.1isthe [ndePendent Retain the
16 same soross ostegoriesof - SATDl 7l
Tompany Revanue Craup. it Fypothess
The distibution of 822 isthe [ndependent Retsin the
17 same aoross categoriesof | RaEL 75 ol
Eompany Revanue Craup, it Fypotnesis
The ditibution of B.2.3. isthe [ndependent Retain the
16 same aoross categoriesof  RaLEl a1 ol
Tompany Revanue Craup. it Fypotnesis
The ditibution of 83,1 is thelldependent Retsin the
19 came sctoss catsaoriasat | ZaEl oar mll
Eompany Revanue Craup, it Fypothess
The ditibution of B.3.2. isthe [ndependent Retain the
20 same across categories of - SRl s
Tompany Revanue Craup. it Fypotnesis

Asymptotc significances are displayed. The signfioance level s 05





image27.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The ditibution of B33, isthe [ndependent Retain the
[21 same scrom categories of - SATEl 702 il
Tompany Revanue Craup. it Fypothess
The distibution of 8.4.1 isthe [n9ependent Retsin the
22 same scros categories of - SAmEl o4l
Eompany Revanue Craup, it Fypothess
The distibution of 842, isthe [n3ePendent Retain the
23 same across categories of - SRl 78 ol
Tompany Revanue Craup. it Fypotnesis
The ditibution of 843, is thelldependent Retsin the
24 same scross categories i gamel sws
Eompany Revanue Craup, it Fypothess
The ditibution of 851 isthe [n9ePendent Retain the
25 same scros categories ot - SATEl 4t
Tompany Revanue Craup. it Fypothess
The distibution of 852 isthe [n3ependent Retsin the
28 same across categories of - SRl as ol
Eompany Revanue Craup, it Fypotnesis
The distibution of C.1.1isthe [ndependent Retain the
27 same across categoriesof - SRl asr ol
Tompany Revanue Craup. it Fypotnesis
The distibution of 1.2 s the [n3ePendent Retsin the
28 same acros categories of - SOl oozl
Eompany Revanue Craup, it Fypothess
The ditibution of C.1.3 isthe [ndependent Retain the
23 same across categories of - SRl a0 ol
Tompany Revanue Craup. it Fypotnesis

Asymptotc significances are displayed. The signfioance level s 05





image28.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The ditibution of .14 i thell dependent Retain the
30 same acros categariesof APl 14
Tompany Revenue Graup.  Louaal Fypothess
The ditibution of D 1.1 i thellcpendent Retsin the
31 same scross categaries of | ZaEl ool
Tompny Revanue Graup. LR Fypothess
The ditibution of .12 i thell ependent Retain the
52 same sores categories of A a5 ol
Tompany Revenue Graup.  Louaal Fypotnesis
The ditibution of .13 i thellcpendent Retsin the
33 same scross categaries of | ZaEl ol
Tompny Revanue Graup. LR Fypothess
The ditibution of D 1.4 i thelf dependent Retain the
34 same scrom categariesof  SaTEl 054 il
Tompany Revenue Graup.  Louaal Fypothess
The ditibution of .15 i thelleperdent Retsin the
35 same sores categores of Al e
Tompny Revanue Graup. LR Fypotnesis
The ditibution of .18 i thellependent Retain the
8 same soros categoriesof Al an ol
Tompany Revenue Graup.  Louaal Fypotnesis
The ditibution of £1.1 i thellcperdent Retsin the
57 dame scross categaries of | ZaEl szl
Tompny Revanue Graup. LR Fypothess
The ditibution of £12 i thell dependent Retain the
58 same sores categores o Al s ol
Tompany Revenue Graup.  Louaal Fypotnesis

Asymptotc significances are displayed. The signfioance level s 05





image29.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The ditibution of £13 i thelf cpendent Retain the

39 same acros categaries of APl s
Tompany Revenue Graup.  Louaal Fypothess
The ditibution of £1.4 i thell Aeperdent Retsin the

40 same scross categaries of | ZaEl awo
Tompny Revanue Graup. LR Fypothess

The ditibution of £2.1 i thelldcpendent
41 same soros categorias of Al
Tompany Revenue Graup.  Louaal

The distibution of £22 s hell P dent Retsin the
42 same scrosscategaries of | ZaEl am
Tompny Revanue Graup. LR Fypothess
The distibution of £23 s thelf b dent Retain the
43 same acros categaries of APl 8l
Tompany Revenue Graup.  Louaal Fypothess
The distibution of £3.1 s hell e dent Retsin the
a0 same sores categorias of Al i
Tompny Revanue Graup. LR Fypothess
The distibution of £3.2 s helf e dent Retain the
45 same soros categorias o Al o0 ol
Tompany Revenue Graup.  Louaal Fypothess
The distibution of £33 s hell P dent Retsin the
48 same scrosscategaries of | ZaEl 1
Tompny Revanue Graup. LR Fypothess
The distibution of £41 s helZ b dent Retain the
47 same soros categoriasof Al 24 ol
Tompany Revenue Graup.  Louaal Fypothess

Asymptotc significances are displayed. The signfioance level s 05




image30.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The ditibution of E42 fsthe  [dependent Retain the
42 same scros categoriesof s 7er
Eempany Revanue Group om0 Fypothess
The ditibution of £43 isthe  [dcpendent Retsin the
43 same acros categoriesof Samel 26l
Eempny Revanse Graun fat Fypothess
The ditibution of E4 4 fsthe  [dcpendent Retain the
50 same acros categoriesof o 251 ol
Eempany Revanue Group om0 Fypotnesis
The ditibution of £5 1 isthe  [dcpendent Retsin the
51 same acros categoriesof Samel sl
Eempny Revanse Graun fat Fypothess
The ditibution of E52 fsthe  [dcpendent Retain the
52 same acros categoriesof s ool
Eempany Revanue Group om0 Fypothess
The ditibution of £ 1.1 isthe sam T dcpendent Retsin the
53 across sstsgones of Company  SaEl 154
Revanie Giau. fat Fypothess
The ditibution of 714 s the sam T dcpendent Retain the
50 a0ross ostegores of Company  SamEl o4 ol
Revanie Giou. om0 Fypothess
The ditibution of £ 15 is the sam T dcpendent Retsin the
65 aoross ssteaones of Company  SaEl ol
Revanie Giau. fat Fypothess
The ditibution of 716 is the sam T dcpendent Retain the
65 aoross sstegores of Company  SaEl 280 ol
Revanie Giou. om0 Fypothess

Asymptotc significances are displayed. The signfioance level s 05





image31.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The ditibution of .17 isthe sam T dcpendent Retain the
57 aoross sstegores of Company — SamEl o4 ol
Revanie Giou. om0 Fypothess
The ditibution of £ 16 is the sam T dcpendent Retsin the
62 aoross ssteaones of Company  SamEl ara
Revanie Giau. fat Fypothess
The ditibution of 611 isthe  [Ddependent
53 same acros categories of o
Eempany Revanue Group om0
The ditibution of 612 sthe  [dcpendent Retsin the
60 same acros categories of Samel e
Eempny Revanse Graun fat Fypothess
The ditibution of 6.13 isthe  [dependent Retain the
61 same acros categories of s el
Eempany Revanue Group om0 Fypothess
The ditibution of 6 14 isthe  [dependent Retsin the
62 same acros categoriesof gample o ol
Eempny Revanse Graun fat Fypotnesis
The ditibution of 615 sthe  [dependent Retain the
63 same acros categoriesof o ats ol
Eempany Revanue Group om0 Fypotnesis
The ditibution of 621 sthe  [dpendent Retsin the
64 same acros categoriesof Samel a1l
Eempny Revanse Graun fat Fypothess

The diskibution of 11 sthe  dependent

gannies
- PR o
[T S S

Asymptotc significances are displayed. The signfioance level is 05




image32.png
Hypothesis Test Summary

Nl ypohesis et 5o decision
ndspandant
The ditibution of 12 stne Td0end o
5 Zame scross oatsgurasof | SATEL
ooty Revanis Gy, ek
ndspandant etanhe
The ditibution of 1.1 i the same7 20408 1 it
57 Joes satagomes o Campany " EmEl Pypotness
Rvinie Sthup Wi rest
ndspandant —
The ditibution of 112 the samel7 20403 gy i
s e satagomes o Company " SEmBl Popotness
Rvinie Sthun Wl rest
ndspandant etainhe
The ditibution of 113 i the same7 22408 LS
o e Satagomes o Company T EmBl Pypotness
Rvinie Sthup Wit rest
ndspandant —
The ditibution of 114 the same7 22808 JILES
70 ToesSatagomes of Corpany " amBl Popotness
Rvinie Sthun Wit Test
o dspendent atain the
The ditibution of1.1 iz the samdT 2803 1o st
71 T Satagomes of mpany " SEmE Pypotness
Rvinie Sthup Wi rest
odspendent —
The ditibution o .12 s he sam 72803 105 it
72 ToesSatagomes of ompany T SELBI Popotness
Rvinie Sthun Wl rest
ndspandant etainhe
The distrbution of K11 isthe 3258 108 Foegain th
73 Zame scross oatsgurasof | SATEl T s
A
ndspandant etainthe
The ditibution otk 12 stne 74080 1 it
74 Zame scross oategurasof | SATEL o
ooty Revanis Sy, ek

Asymptotc significances are displayed. The signfioance level s 05





image33.png
Sample Std. - Sta. Testo 2 2
1Sam Error —_Stat e
23 EVTIRRtL 20 78t
13 w417 44s5 82 061 183

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is 05,




image34.png
Each node shows the sample average rank of Company Revenue Group.

N -
Statistic~_Error ~_Statistic ~ >'9-  AdIS19-7
12 7035 2999 2345 019 057
13 800 4933 1987 047 1
23 2785 4407 627 510 1000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance lsvel is .05,




image35.png
Test o Std. - St Test
Statistic~_Error ~_Statistic

12 6975 2617 2665 008

13 8417 4500 -1.870 061 184

23 481 4420 -350 726 1000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance lsvel is .05,




image36.png
oSt o Sd.Test2 o - au
Eror ~_Statistic 519+ © Adi:

12 6250 1973 3167 002
13 6260 3303 1842 065 196
23 000 3107 000 1000 1.000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05,




image37.png
Sample Test - St o SWL.Teste g - a0
Statistic ~_Error ~_Statistic ~ 519 ~ Adl-

13 8833 4729 -1.868 062 185

23 2000 4329 -89 639 1000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05,





image38.png
Hypothesis Test Summary

[ Test Sig. _Decision
Indspendant. £t
The disibution of A1.1. iz the TR0 a0 R
1 same soross sategories of o, of ZaE: B
Empioyses oraup Wails Test
Indspendant. etain the
The disibution of A1.2. iz the 1PN P
2 same acros catagaries of o, of ZAEIS T st
Empioyees oraup Wails Test
Independent etain the
The disibution of A1 3. s the RN O
3 same acros catagories of No, of ZATEIS B
Empioyses oraup Wails Test
Indspendant. etain the
The disibution of A1 4. iz the [P0 o Ret
8 same acros catagaries of o, of ZAEIS T st
Empioyees oraup Wails Test
Indspendant. £t
The disibution of A1 5. iz the [P0 m R
5. same acros catagaries of Ko, of ZAELS B
Empioyses oraup Wails Test
Indspendant.
The distrbution of A2.1. iz the [1dzpend
6 Zama acrose catagories af No. of SATPIS 034
Empioyees oraup Wails Test
Indspendant.
The distibution of 422, isthe[1d80e1¢
7 Sama across catagories af No. of SATPIS o9
Empioyses oraup Wails Test
Independant Retain the
The distibution of 8,11, isthe 1381 o Bt
B Sama acrose catagories af No. of SATPIS T s
Empioyees oraup Wails Test
Independant Retain the
The disibution of 8,12 isthe [1d80en¢ o 5
8 Sama acrosscatagories af No. of SATPIS L
Empioyses oraup Wails Test
Independant Retain the
The dstiuion ot .13, e ne 23500 P
10 dame sorose oategares of o, of SAEI T s
Empioyees oraup Wails Test
Independant Retain the
Tne dstiouon ot .10, ne 13e5e0S e B
1 dame sorose oategares of Ho. of SAEI L
Empioyses oraup Wails Test

Asymptotc significances are displayed. The signfioance level s 05





image39.png
Hypothesis Test Summary

N pthesiz T s oseison
ndepandent eaintre
Inestuton .15 e 10T w0 Bl
12 Sima soos caisgaiesof o A 2D o
ket Wi res
[r— s the
Inestuton r.15. e 107 s Bl
15 S s Catagoies of o f 2D -
ket Wi
ndepandant o the
Tnestuton .17 e 10T o Bl
10 Sima soros aisgoies of o A 2D il
ket Waieres
[r—
The distibution of B.18. isthe I5ePS0S
15 S seos Catagoiesof . A 2D
ket Wi res
Indepandent Rutain e
Inestmuten 21 e ST o Bl
e s o Smsgoras o o or S il
ket Wi res
Insepandent Rutain
Inestmuton 522 e 1087 o
17 s st Smsgoias ot o or S -
ket Wi
insepandent Ratain e
Tnestmuton 823 e 10T m
1o o st Smsgoras ot o or S il
ket Waieres
Insepandent Rutain
Inestuten 831, e 10T o Bl
10 o s Smsgoias o o e S -
ket Wi res
Indepandent Rutain e
Inestuton 832 e 10T e B
0 B st emegme oo o il
ket Waieren

Asymptotc significances are displayed. The signfioance level s 05





image40.png
Hypothesis Test Summary

N pthesiz T s oseison
ndepandent eaintre
Inestuton 833 e 10T o
24 e serm onegans st o, of 01 o
ket Wi res
[r— s the
Inestmuten a1 e 10T s Bl
22 'S e e, o P -
ket Wi
ndepandant o the
Tnestuton 842 e 10T o
25 e serem onegans of o, of S0 il
ket Waieres
[r— s the
Inestuton 843, e 107 w0 Bl
24 e S e ot o, o 2R -
ket Wi res
Indepandent Rutain e
Inestmuten v e ST 0 Bl
25 D st emegmvs oo, o il
ket Wi res
Insepandent Rutain
Inestuton 82 e 10T 0 B
25 B st emeame o .o -
ket Wi
insepandent Ratain e
Tnestmuten ro1 1 e 0SS 20
o B et e egri s o o o 2 il
ket Waieres
Insepandent Rutain
Inestmuten ro12 e ST o B
28 B st emeari s o o o S -
ket Wi res
Indepandent Rutain e
Inestmuten v o1 e 0SS -
25 B st e egri s o o il
ket Waieren

Asymptotc significances are displayed. The signfioance level s 05





image41.png
Hypothesis Test Summary

Wl e o 5 oamen
e —
L
o0 i SRSt e e [T
Al e i
rdependent sinthe
Ty
B o T e
A i
i stanthe
I s o012 e ST
o2 i SR e e e
Al e i
psepandent et e
L
PN R o o
A i
ereseeee
The disibution of DA 4 sthe 1PN
ot LS e e
Al e i
psepandent e e
T
oo e L e e
A i
psependent et
I om0 10 e ST
s e L e e
Al e i
psepandent et e
T
PRk o e
A i
psepandent et e
L
s e L2 e e
Al e i

Asymptotc significances are displayed. The signfioance level s 05





image42.png
Hypothesis Test Summary

Wl e o 5 oamen
e sainthe
e
oo i RS e e [T
Al e i
rdependent sinthe
L
0 SRS e e e
A i
psependent et e
I s a1 epe ST
PP rrk kil 1o e
Al e i
o=
The disibution of E22 sthe TR0
2 e SR e
A i
ereseeee —
L
2 SRS e e e
Al e i
psepandent et e
Ty
PNk o e
A i
psependent et
I semn o2 e Sl
s e S22 e e
Al e i
psepandent et e
L
s e L SRR e e
A i

ndependent.
The dibution ofE41icthe Idetind

47 Same soros catagoresof o, of 0
Enpioyees Gravy s

Asymptotc significances are displayed. The signfioance level is 05




image43.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The ditibution of E42 fsthe  [Ddependent
48 same across categaries of No. of  SaTEl o
Ermpioyess roup B
The distibution of E43 sthe  Ddependent Retsin the
43 same acrosscategaries of o of - ZaTEl 2l
Erpioyess Sroup fat Fypothess
The distibution of E44 sthe  Ddependent Retain the
50 same acros categaries of No. of  SaTEI oo ol
Ermpioyess roup om0 Fypothess
The ditibution of £5 1 isthe  [dependent
51 2ame acrosscategaries of o of  ZaTEl o
Erpioyess Sroup fat
The ditibution of E52 fsthe  [1dependent
52 2ame acros categaries of No. of  SATEI o4
Ermpioyess roup B
The distibution o F.1.1 i the samdfdependent Retsin the
53 aoross sstegones of o, of o SaEl asr ol
Enaioyess Sioup fat Fypothess
The distibution o 1.4 s the sam L dependent Retain the
50 aoross ostegones of o of - SaEl oea ol
Enaioyess ioup om0 Fypothess
The ditibution of £ 15 is the sam T dcpendent
65 aoross sstegones of o, of o SaEl
Enaioyess Sioup fat
The ditibution of .15 is the sam T dcpendent
56 aoross oategones of o, of - SAEl
Enaioyess ioup i

Asymptotc significances are displayed. The signfioance level is 05





image44.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The disibution o 1.7 s the samdfdependent Retain the
57 aoross oategones of o, of - SAEl sz il
Enaioyess ioup om0 Fypothess
The ditibution of £ 16 is the sam T 4cpendent
62 aoross sstegones of o, of o SaEl o
Enaioyess Sioup Lt
The distibution of 1.1 sthe  ndependent Retain the
59 same acros categaries of No. of  SaTEl e ol
Ermpioyess roup om0 Fypothess
The distibution of 612 sthe  Ddependent Retsin the
60 same acrosscategaries of o of  ZaTEl sl
Erpioyess Sroup fat Fypothess
The distibution of 613 sthe  ndependent Retain the
61 2ame across categaries of No.of  ZaTEI 2 mll
Ermpioyess roup om0 Fypothess
The distibution of 61 isthe  ndependent Retsin the
62 same acrosscategaries of o of  ZaTEl aan ol
Erpioyess Sroup fat Fypothess
The ditibution of 615 isthe  [Ddependent Retain the
63 2ame acros categaries of No. of  SATEI 7o ol
Ermpioyess roup om0 Fypothess
The distibution of 621 sthe  ndspendent Retsin the
64 same acrosscategaries of o of  ZaTEl 51
Erpioyess Sroup fat Fypothess

&5

Independent
The distrbution of K1 s the
Same soross oategories of No. of  ZAMPIES

Erpioyaes Sraus W rest

Asymptotc significances are displayed. The signfioance level is 05





image45.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The ditibution of 12 isthe  [1dependent
68 2ame acros categaries of No. of  SaTEl o
Ermpioyess roup B
The ditibution of 1.1 isthe samelfcpendent Retsin the
67 aoross sstegones of i, of 1 EamEl  l
Enaioyess Sioup fat Fypothess
The ditibution of 1.2 isthe samelfdcpendent Retain the
68 aoross oategones f o, of - SATEl 106
Enaioyess ioup om0 Fypothess
The ditibution of 1.3 isthe samelfdcpendent Retsin the
69 aoross sstegones of i, of 1 EaEl 26l
Enaioyess Sioup fat Fypothess
The ditibution of 1.4 s the samelfdcpendent Retain the
70 aoross ostegones of o, of - SaEl 254l
Enaioyess ioup om0 Fypothess

The ditibution of .1 1 i he sam /dcpendent
71 aoross sstegones of o, of 1 paEl
Enaioyess Sioup Lt
The disibution of 112 i the samdrdependent Retain the
72 aoress oategones ofNo. of - ZAEl o1
Enaioyess ioup om0 Fypothess
The distibution of K11 sthe  ndependent Retsin the
73 dame across categaries of o of  ZaTEl 26l
Erpioyess Sroup fat Fypothess
The ditibution of K12 fsthe  [Ddependent Retain the
74 same across categaries of No. of  SaTEl oes ol
Ermpioyess roup om0 Fypothess

Asymptotc significances are displayed. The signfioance level s 05




image46.png
S & St Testz,

Ever & ota Sig. © Adj.Sig.|
13 -3.667 3378 -1.086 278 833

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05




image47.png
Sample  Test o Std o Std.Teste g & pyigie s

1Sam... Sta Error ~_Staf

12 4625 2937 1575 115 306
13 8167 3238 2524

23 352 3000 1185 204 73

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05,





image48.png
Sample _Test o Std. - Std.Teste

1.Sam. Error ~_Statistic

21 2014 3263 617

23 8458 3377 -2504

13 6444 3595 1792 073 219

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance lsvel is .05,




image49.png
Sample  Test o Std o Std.Teste g & pyigie s

1Sam... Statistic~ Error ~_Statistic

24 146 3476 02 87 1000
23 6021 3478 2307 021 083
13 7875 3808 2088 03 118

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
Sianifitance level is 05





image50.png
Test = S - Std.Teste g - ap
-smmmv Eror ~_Statistic -~ S19- © AdLS

13 7125 3588 -1.986 047 141

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05.




image51.png
Sample _Test - Std. - Std.Teste
1Sam... Statistic~ Error ~_Statistic

32 1562 3318 47 638 1.000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05.




image52.png
Each node shows the sample average rank of No, of Employees Group.

Sample _Test o Std. - Std.Teste a

Sig. < Adj.

1Sam... Stat Error ~_Stat .
24 1083 3648 207 767 1000
13 8188 3997 2048 040 121

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
sianificance level is 05,




image53.png
Sample _Test - Std. - Std. Tests

1Sam... Statistic~ Error ~_Statistic
21 396 3531 12
23 083 3531 2573
13 8688 388 2208 025 074

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05.




image54.png
Sample _Test - Std. - Std.Teste
1Sam... Statistic~ Error ~_Statistic

13 -6.229 3889 -1.602 109 328

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05,




image55.png
Sample _Test - Std. - Std.Teste
1Sam... Statistic~ Error ~_Statistic

24 5944 3503 1697 080 269
23 8417 3626 2321 020 061
13 2472 3881 -840 522 1000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05.




image56.png
Sample _Test o Std. - Std.Teste

&
1Sam... Statistic~_Error ~_Statistic -~ S19- ~ AdLS

23 1125 2556 440 660 1.000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance lsvel is .05,




image57.png
Sample _Test o Std. - Std.Teste

< Adj

1-Sam Error  Statistic
23 -4.583 3282 -1.396 163 488

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance lsvel is .05,




image58.png
Hypothesis Test Summary

Nl Hypoihesis Test  Sig.  Deoision
The ditibution of A1 isthe TdepEndent Retain the

1 Zame soross oategoriesat . SaTol oo il
Eempany Type of Senice Grouplidel Fypothess

The ditibution of A12. isthe TdepEndent Retsin the
amples 1

2 i e oegiecar - Sl
B e R ol Htnes.

Independent
The distibution of .13, isthe 1d80en¢

et Sam
B e 2ot ol

Independent
The distibution of 4,14, isthe 13801

et Sam
B e R ol

Independent
The distibution of .15, isthe 1380E1¢

T eaaiassn e Sam
B e fRumict ol

Independent
The distibution of 2.1 isthe 1301

e st Sam
B e R ol

Independent

e caaared” " Samples

AT ofSevios court

The distrbution of 422, i the

The distibution of 8,11, isthe dspEndent Retsin the
6 same acrosscategaries o1 . Saol st
Eempany Type of Senice Groupludel Fypothess
The distibution of 8,12 isthe 1dspendent Retain the
9 same across categariesof . SamPl a ol
Eempany Type of Senice Grouplidel Fypothess
The distibution of 8,13 sthe [dependent Retsin the
10 same aorogs oateqoriesof | SaPl o ol
Eempany Type of Senice Groupludel Fypothess
The distibution of 8,14, isthe 1dspendent Retain the
1 2ame soross oateqories ot . SaTEl awa
Eempany Type of Senice Grouplidel Fypothess

Asymptotc significances are displayed. The signfioance level s 05




image59.png
Hypothesis Test Summary

[ T S5 oemm
p— atain he
The ditibuton ot 815 sthe L0288 10 Fogaint
12 e oo cateqarss ot SATEL -
Company Type of Service Groupydi® s
ndependant i he
Inestuton r.15. e 10T oot B
1o i oo cateqarss ot SATEL | hess.
Company Type of Service Groupysi® s
em—— e he
Tnestuton r.17 e 0T w5
14 e oo cateqarss o SATEL -
Company Type of Service Groupydi® s
ndependant i he
Inestmuton r.13. e 00T o
15 i oo cateqarss o T SATEl | hess.
Company Type of Service Groupysi® s
pe— atain he
Inesmuten 21 e 0T m e
16 i oo cateqarssor o SATEl -
Company Type of Service Groupydi® s
ndependant i he
The distibution o822, e the 13SEenS B
17 o e g o Samel T i
B e et ol
e—— e he
Tnesmuton r523. e 0T o
1o i oo cateqares ot SATEL -
Company Type of Service Groupydi® s
ndependant i he
Inesmuten v, e 08P o
19 i oo careqanesor T SATEl | hess.
Company Type of Service Groupysi® s
pe— i he
Inestuton 832 pine T0SP an 5
20 fame s oaegstiasat . caTP -
Company Type of Service Groupydi® s

Asymptotc significances are displayed. The signfioance level s 05





image60.png
Hypothesis Test Summary

[ T S5 oemm
p— i he
Inestuton r833. e 0T o
21 fame s caegstiaset . SaTP -
Company Type of Service Groupydi® s
ndependant
The distibutin ot .41 e the 13SEenS "
22 fame e et ST
B e et ol
em—— e he
Tnesuton 842 e 10T -
25 fame s oaegstiasat . caTP -
Company Type of Service Groupydi® s
ndependant atain he
Inestmuton r8.43. e 1087 o Bl
24 fame s caegstiasot . TP | hess.
Company Type of Service Groupysi® s
pe— atain he
The ditibuton ot 851 sthe L0288 s Repmimt
25 fame s oaegstiasct . SaTP -
Company Type of Service Groupydi® s
ndependant i he
The distibution ot 5.2 e the T3eEenS o B
o5 fame sers omagiaz et ST T i
B e et ol
e—— e he
Tnesmuten v 1 e 0SS o
27 fame s oaeggiesal ST -
Company Type of Service Groupydi® s
ndependant i he
Inesmuen ro12 e 0T w5 B
25 fame s caeggiesal - SaTEE | hess.
Company Type of Service Groupysi® s
pe— i he
Inesmuten ro13 e 0T = 5
25 fame s caeggiesal ST -
Company Type of Service Groupydi® s

Asymptotc significances are displayed. The signfioance level s 05





image61.png
Hypothesis Test Summary

o potnes T so b
J—— cin e
e
0 fome o cregaiasot . CaTEE I
Company Type of Service Groupydi® e
J—— cin e
Ine s ot pme ST e
o1 fome o Cregaiaeot . CaTEE -
Company Type of Service Groupysi® hyp
Jr—— cin e
Tne s o1z pme ST
52 fome s creraissot . CATEE i
i Tt ofSenioe oot
J—— cin e
Ine s 013 e ST e
55 fome s creraissot . CATEE -
Company Type of Service Groupysi® hp
[—— cin e
Ine s o1 apme ST e
st fome o creraiasot o CATEE I
Company Type of Service Groupydi® e
J—— cin e
Ine s ro1s e ST e
o5 fome o creraiasol . CATEE B e
i Tt ofSenict oot
= cin e
Tne s o 1s e TN
oo fome s creraissol oGP I
Company Type of Service Groupydi® hyp
J—— cn e
Ine s et e ST reing
57 fome o Creranasot e CaTEE -
Company Type of Service Groupysi® hp
[—— cin e
T
5o fome s creganasol . CATEE I
Company Type of Service Groupydi® hyp

Asymptotc significances are displayed. The signfioance level s 05





image62.png
Hypothesis Test Summary

Nl Hypoihesis Test  Sig.  Deoision
The distibution of 43 sthe  dspendent Retain the
39 same acroms categaviesof SOl osz il
Eempany Type of Senice Grouplidel Fypothess
The ditibution of E14fsthe Tdependent
40 same scrosscategariesof - Sael o
Eempany Type of Senice Groupludel
The distibuton of £21 sthe dspendent Retain the
41 same acrosscategariesof | SRl 158
Eempany Type of Senice Grouplidel Fypothess
The distibuton of £22 sthe dspEdent Retsin the
42 same scrosscategaries of . Sael a0l
Eempany Type of Senice Groupludel Fypothess
The distibuton of £23 sthe  dependent Retain the
143 same scross categaviesof - Samol 414 il
Eempany Type of Senice Grouplidel Fypothess

aa

Indspendant.
The distibution of £31 sthe 13801
same soross oategaiesof | SATES

Campany Type of Sanice croupklUidh

The ditibution of E32 fsthe  Tdependent Retain the
45 same across categriesof | SamPl ol
Eempany Type of Senice Grouplidel Fypothess
The ditibution of £33 fsthe Tdependent Retsin the
48 same scrosscategaries o - Sael sl
Eempany Type of Senice Groupludel Fypothess
The ditibution of E4.1 isthe  Tdependent Retain the
47 same across categriesof | Pl o5 ol
Eempany Type of Senice Grouplidel Fypothess

Asymptotc significances are displayed. The signfioance level s 05





image63.png
Hypothesis Test Summary

Nl Hypoihesis et 5o Deosion
The ditibution of E42 fsthe  [dependent Retain the
42 same across categories of s a0l
Tampany Type of Semioe Oroup. [udal Fypothess
The ditibution of £43 isthe  [dcpendent Retsin the
43 same acros categories of Samel sl
Eempny Type of Senics Group. 1A Fypothess
The ditibution of E4 4 fsthe  [dcpendent Retain the
50 same across categaries of o s ol
Tampany Type of Semioe Oroup. [udal Fypotnesis
The ditibution of £5 1 isthe  [dcpendent Retsin the
51 same acros categorie of Samel 26l
Eempny Type of Senics Group. 1A Fypothess
The ditibution of E52 fsthe  [dcpendent Retain the
52 same across categaries of s sl
Tampany Type of Semioe Oroup. [udal Fypothess
The ditibution of 7 1.1 isthe sam 1 dpendent Retsin the
52 20 Tatagons of impany TP AR s
aFSenice &roun Yat Fypothess
The ditibution of 714 s the sam T dpendent Retain the
56 e Tatagons of Sompany TypGELE v
aFSenice Groun e Fypothess
The ditibution of £ 15 isthe sam T dpendent Retsin the
65 aoross sstagones of Company Topazames a0l
aFSenice &roun Yat Fypothess
The ditibution of 716 is the sam 1 dpendent Retain the
56 e Satagons of Sampany TypELE 215 ol
aFSenice Groun e Fypothess

Asymptotc significances are displayed. The signfioance level s 05





image64.png
Hypothesis Test Summary

Nl Hypoihesis Test S Deoision
The ditibution of .17 isthe sam T dpendent Retain the
57 aoross sstagores of Company Tapazames ar
aFSenice Groun e Fypothess
The ditibution of £ 16 is the sam T dpendent Retsin the
62 aoross sstagores of Company Topazames ol
aFSenice &roun Yat Fypothess
The ditibution of 611 isthe  [Ddependent
53 same acros categories of o
Tampany Type of Semioe Oroup. [udal
The ditibution of 612 sthe  [dcpendent Retsin the
60 same acros categories of Samel ool
Eempny Type of Senics Group. 1A Fypothess
The ditibution of 6.13 isthe  [dependent Retain the
61 same across categories of s o1
Tampany Type of Semioe Oroup. [udal Fypothess
The ditibution of 6 14 isthe  [dependent Retsin the
62 same acros categories of gample a ol
Eempny Type of Senics Group. 1A Fypotnesis
The ditibution of 615 sthe  [dependent Retain the
63 same across categories of o o8
Tampany Type of Semioe Oroup. [udal Fypotnesis
The ditibution of 621 sthe  [dpendent Retsin the
64 same acros categoriesof Samel 1
Eempny Type of Senics Group. 1A Fypothess
The ditibution of 1.4 sthe  [dpendent Retain the
65 same across categoriesof o atn ol
Tampany Type of Semioe Oroup. [udal Fypotnesis

Asymptotc significances are displayed. The signfioance level s 05




image65.png
Hypothesis Test Summary

Nl ypohesis et 5o Oecision
ndependent etain the
Inedsmuononizine SOt
o5 Joms stios catgaies o oamel i
ooty Typa of Sanice oroup, Kusak s
Independent Retain the
The ditibution of 111 i the samel7 040 -
57 e Satagons o Carpany TP ELE Pypotness
ettt Wi rest
ndspandant etainthe
The distibution of 1.2 s the samd13ePenS o
s e Tatagons o Campany TP ELE Pipothess.
et et Wil Test
Independent Retain the
The ditibution o113 i the samelr 040 o R
o s Tatagons o Company TP GELE Pypotness
ettt Wit rest
ndspandant etainthe
The distibution of 1.4 s the samd3e0enS o B
70 s Tatagons o Corpany TrpELEL Pipothess.
et et Wit Test
o dspendent i he
The ditibution o1 iz he samdr 0403 o
71 25 Tatagons of ompany TrpgELE Pipothess.
ettt Wi rest
rdependent etain the
The distibution of 112 s the samd03epens R
72 25 Tatagons of ompany TypGELE Pipothess.
et et Wil Test
ndependent etain the
Inessmuonacigpne St
72 Joms stios cagasasof e T e
ooty Typa of Sanice oroup. Kusak s
ndependent etainthe
Inessmuonacizine St o
7 Joms stios categaiasof oamel i
ooty Typa of Samice oroup, Kusak s

Asymptotc significances are displayed. The signfioance level s 05





image66.png
T80 Stasic™ Enor © Siiwe

24 12000 3096 3876 000

23 42000 2553 -4701 000

24 412000 2837 -4085 000

13 000 2145 000 1000 1.000
14 000 2590 000 1000 1.000
34 000 1908 000 1000 1.000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance lsvel is .05,




image67.png
Each node shows the sample average rank of Company Type of Senice Group

T30S, Statmic Emor © Stauete © 9. © AdiSia|
21 12.000 4.580 2620 009 053

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05





image68.png
T30S, Statmic Emor © Stauete © 9. © AdiSia|
21 12.500 4.890 2556 o1 063

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
signiicance level is .05





image69.png
Sample | Test & St & Y. TetS sig. € AdisigS|
24 8750 5289 64 098 58
23 Ataer ase 24m on o7
43 2717 4w 70 a0 1000
11 6250 4685 130 180 1000
34 EECCRET o5 a0 1000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05.




image70.png
Each node shows the sample average rank of Company Type of Senice Grol

Sample _Test o Std. - Std.Teste

2 adisic &)
1Sam... Statistic~ Error ~_Staf < Adj.Sig.~ |

24 8667 4890 1772 076 458
24 0800 4639 2263 024 142
23 1467 4032 2844
14 4833 4091 -4
13 2800 3388 -828 408 1000
43 97 3014 321 748 1000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05,




image71.png
Each node shows the sample average rank of Company Type of Senice Gro

TR oi® 2 ° Shalit® oo & saso®
41 10.542 4670 2257 024 144

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05.




image72.png
Each nods shows the sample average rank of Company Type of Senics Grot

T80 Stasic™ Enor © Siiwe

24 3000 6149 488 626 1000
23 40733 5500 -18%2 01 306
24 13000 6149 2114 03 207
43 7733 3368 2206 022 130
44 10000 4348 2300 021 129
34 2267 3368 673 501 1000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05,





image73.png
Sample _Test o Std. - Std.Teste

1Sam Error ~_Staf

24 3375 6232 542 588 1000
23 4033 5770 801 072 430
21 13000 6437 200 043 260
43 7018 3160 2221 0% 158
44 9625 4257 2261 02 143
34 2607 3546 738 a2 1000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05.




image74.png
Sample _Test o Std. - Std.Teste
1Sam... Stati Error ~_Staf

21 9750 4580 2120

23 ETRIVANE U R 1

24 43280 a3es 3048

13 4967 3173 620 53 1000
14 3500 3832 913 381 100
34 4533 2823 543 a7 1000

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same

Asymptotic signiicances (2-sided tests) are displayed. The
significance level is .05.




