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Abstract 

Background 

 Construction accounts for 22% of all workplace fatalities in Ontario (Association of 

Workers' Compensation Boards of Canada, 2015), although construction only accounts for 7% of 

Ontario’s workforce (Statistics Canada, 2017a). Due to the dangers of the construction industry, 

safety indicators, termed leading and lagging, have been developed to measure safety 

performance and prevent further injury. 

Objective 

 The objective of this thesis is to determine whether the relationship between safety 

leading and lagging indicators have predictable relationships, as they are on an industry level, 

when measured on a company level using company administrative data.  

Methods 

 The case study involved the collection of safety indicators from 47 construction projects. 

An evaluation of available safety indicators was conducted and in the end 5 indicators were 

chosen for use in this study. These being counts of site inspections, toolbox talks, subcontractor 

notice of offenses, medical injuries, first aid injuries and project length. Since counts for the 

outcome variables exhibited an excess of zeros, the counts are assumed to be produced by two 

distributions, one being described by a standard Poisson process and the other a process that 

always produces a zero count. Four zero-inflated Poisson models were run to determine whether 

the leading indicator, site inspections or toolbox talks, led to a decrease in the value of the 

lagging indicators, medical injuries or first aid injuries. Model 1 tested the effect of site 

inspections on zero counts of medical injuries. Model 2 tested the effect of toolbox talks on zero 
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counts of medical injuries. Model 3 tested the effect of site inspections on zero counts of first aid 

injuries. Model 4 tested the effect of toolbox talks on zero counts of first aid injuries.  

 

Results 

 Models 1 and 2 found that number of medical injuries were not significantly related to 

either site inspections or toolbox talks. Models 3 and 4 found that first aid injuries were 

significantly related to site inspections and toolbox talks, when run independently. Yet, the 

estimate sizes of all four models were very small. Goodness of Fit tests were run to ensure that 

the sample distributions fit the hypothesized distributions of the models selected. These results 

showed that the lagging indicators were either not related to or had a small association to each of 

the leading indicators. 

Discussion 

 This study showed that identifying the relationship between leading and lagging 

indicators may not be as easy as the theory suggests. This study had several limitations including 

use of administrative data, small sample size, and concern about data quality. Furthermore, 

theories about accident prevention and prevention research are also discussed. One theory 

discussed is that early accident prevention models suggest that some accidents are unpreventable. 

In the context of this study, it is possible that the few accidents that did occur were unpreventable 

in nature and could not be prevented through leading indicators. The second theory discussed 

was that Geoffrey Rose’ Theory of Prevention suggests that concepts tested on a population level 

may not work on an individual level. For this study, it means that the leading and lagging 

indicators developed on an industry level, may not be appropriate for testing on a company level. 

Finally, suggestions to how the participating company could improve safety research and their 
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safety performance were given including collecting a safety climate indicator, conducting bi-

annual meetings with safety reporting personnel, improving documentation of subcontractor 

safety performance, and reorganizing MB’s administrative data. 

Conclusion 

 In conclusion, despite the fact that leading and lagging indicators have been developed 

on a simple assumption, there needs to be more research in order to better understand this 

relationship on a company level. Research needs to be completed to determine how the legislated 

paperwork that companies collect can be used to support injury prevention and decision making.  
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List of Definitions 

Accident: “an unplanned event that interrupts the completion of an activity, and that may (or 

may not) include injury or property damage” (Canadian Centre for Occupational Health and 

Safety, 2018). For the purpose of this study, only accidents that lead to injury are included. 

Accident Prevention: “any activity that studies the causes of accidents, makes predictions about 

their frequency and puts into practice intervention and remedial measures” such as safety 

inspections (Avery, 1995, p.1). In this thesis, accident prevention is completed by the general 

contractors, and subcontractors.  

Substantial Completion: determined through the Construction Lien Act (1990) 

2. (1) For the purposes of this Act, a contract is substantially performed, 

(a) when the improvement to be made under that contract or a substantial part thereof 

is ready for use or is being used for the purposes intended; and 

(b) when the improvement to be made under that contract is capable of completion or, 

where there is a known defect, correction, at a cost of not more than,  

(i) 3 per cent of the first $500,000 of the contract price, 

(ii) 2 per cent of the next $500,000 of the contract price, and 

(iii) 1 per cent of the balance of the contract price.  R.S.O. 1990, c. C.30, s. 

2 
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Chapter 1: Introduction 

Construction is one of Canada’s most dangerous occupations. The Workplace 

Compensation Boards in Canada found that construction has the third highest injury rate of the 

19 surveyed Canadian industries.  (Association of Workers' Compensation Boards of Canada, 

2015). Specifically, in Ontario, construction accounts for 11% of all lost-time injuries, 26% of all 

falls from heights (Ministry of Labour, 2016), and 22% of all workplace fatalities (Association of 

Workers' Compensation Boards of Canada, 2015). These are very high percentages considering 

that construction only accounts for 7% of Ontario’s workforce (Statistics Canada, 2017a). With 

these high levels of injuries and fatalities, construction safety has become of great importance for 

lawmakers, employers, and researchers. As a result, researchers are developing safety indicators 

to determine how accident prevention impacts safety outcomes (Manuele, 2009). Yet, most 

safety indicator studies have been large population studies using government workplace safety 

datasets, such as comparisons between multiple companies’ injury rates. These studies aim to 

create a theoretical basis for legislation, but with the exception of some large companies, these 

studies have not shown how preventative measures work on a smaller level, such as within a 

company or project. Because research has been focused on safety indicator development, very 

little research has been completed on a company’s implementation of these indicators and 

preventative measures, especially for midsized and small companies. By understanding the 

impact within the company, research can be more relevant for decision-makers, such as company 

management, and industry members, and not just used for research or legislative purposes. This 

study aims to determine what relationships are found when contractor administrative data is used 

to measure safety performance. 
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1.1 Safety and the Construction Industry 

In order to better understand research on construction safety, it is important to understand 

the nature of the construction industry and their safety responsibilities. The following sections 

provide an introduction to the construction industry, section 1.1.1, and the safety responsibilities 

of the construction industry in section 1.1.2. Finally, safety leading and lagging indicators are 

introduced in section 1.1.3. 

1.1.1 Introduction to the Construction Industry 

 The construction industry is very broad consisting of three main forms of construction: 

building construction, heavy construction, and specialty trades (Standard Industrial 

Classification, 2018). Building construction is a group that includes general contractors that 

construct residential, farm, institutional, commercial and industrial buildings. Heavy 

Construction includes general contractors that take part in construction, other than building 

construction, and includes roadways, bridges, irrigation, and marine projects. Finally, Specialty 

Trades is a subsector of construction that specializes in specific activities, such as metal 

prefabrication, mechanical, concrete pouring or painting (Standard Industrial Classification, 

2018). Specialty contractors will work for the general contractors in building or heavy 

construction projects. Together, in Canada, the construction industry included nearly 370,000 

businesses (Government of Canada, 2018) and contributed 7% of Canada’s Gross Domestic 

Product (GDP) (Statistics Canada, 2018). 

 This thesis focuses on building construction, using administrative data from a building 

construction general contractor. General contractors manage the construction process which 

includes scheduling and coordinating of the construction process, maintaining onsite safety, 

ensuring building quality, and managing project finances. Additionally, many general contractors 

employ carpenters and labourers to complete site work, including housekeeping, carpentry, 
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formwork and hardware installation (Levy, 2006). The rest of the building work is completed by 

specialty contractors that are overseen by the general contractor (Standard Industrial 

Classification, 2018). 

 The construction industry experiences many challenges including low profit margins and 

worker mobility. First, the construction industry is known for its very low profit margins. 

Despite their growing profit margins (Tal, 2015), these small margins make it difficult for 

construction companies to implement expensive equipment and procedures, such as safety 

equipment. General contractors are always working to balance the needs of the workers, 

production quality, and business success. Construction industry also experiences a large amount 

of worker mobility. Construction workers may work on a construction project for as short a time 

as a day, and then move to the next site. Few construction workers will be part of the same 

project from start to finish (Construction Sector Council, 2005). This results in labour being 

difficult to track, and safety hard to enforce, and safety training and equipment being hard to 

maintain.  

 The broad nature of construction and the many challenges faced by the industry makes 

research on the construction industry very difficult. The broad nature can make large studies lack 

generalizability as they cannot capture the differences within smaller populations, such as a 

company. Additionally, the many challenges of the industry can make research methodology 

difficult, as researchers have to create their studies to adapt to the challenges, while still meeting 

their research goals. 

1.1.2 Safety in Ontario 

In Ontario, construction safety is highly legislated and carried out by the general 

contractors and subcontractors on a building project. Construction safety is legislated under the 
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Occupational Health and Safety Act, OHSA (1990). Construction Projects, a government 

regulation, also details the many expectations for construction safety performance (Construction 

Projects, 1991). Lastly, the OHSA and the additional regulation also require compliance with 

some standards from the Canadian Standards Association such as CSA-Z259.10-06 Full Body 

Harnesses (Construction Projects, 1991). The OHSA and the additional regulations require 

construction employers to take part in various forms of accident prevention and safety 

documentation in order to meet ‘due diligence’. Due diligence requires every employer, 

including general contractors and subcontractors, to take all reasonable steps to ensure the safety 

of their employees in order to satisfy legal requirements (Ontario Health and Safety Act, 1990).  

Construction safety can voluntarily be audited in Ontario under the Infrastructure Health 

and Safety Association’s (IHSA) Certificate of Recognition (COR) audit tool. Contractors are 

audited both internally and externally by the IHSA. If the contractors meet the safety standards 

outlined in the audit tool, they are provided with a certificate. The certificate is valid for three 

years and then allows them to work on specific projects where a COR certificate is required 

(IHSA, n.d.). Due to the legislation and audits, there is much administrative data available for 

researchers to explore. Furthermore, many project indicators are collected during construction in 

order to monitor the project and aid its completion. These include budgets, recycling rates, and 

construction schedules. Companies, if they are following legislative requirements, have 

documents on the reports of injuries, safety inspections, safety talks, MOL inspections, and much 

more. Yet, very little research has been done with this data. It is currently not understood how 

this data can support decision-makers, except being used to meet legislated goals. 
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1.1.3 Leading and Lagging Safety Indicators 

In light of the previous research on safety indicator development, safety indicators have 

been divided into two groups: leading and lagging. Leading indicators are primarily aimed at 

measuring accident prevention, while lagging indicators are aimed at measuring accident 

outcome (Toellner, 2001). Over time, leading indicators have become the preferred methods for 

measuring construction safety as they are more preventative in nature.  

 The study of leading indicators started over 30 years ago by developing the concept of 

safety climate, an indicator of the psychosocial safety environment in the workplace, so safety 

climate can be used to predict injuries before they happen. Workplaces with low safety climate, 

would be more likely to have more injuries and vice versa (Zohar, 2010). Over time, researchers 

have developed many tools to measure safety climate, and have worked to measure safety 

climates relationship to factors such as injuries (Zohar, 2002), workplace leadership (Zohar, 

2002), and safety assessment programs (Sparer, Murphy, Taylor & Dennerlein, 2013) with 

mixed results. Although conceptually leading and lagging indicators make sense, there has been 

very little consistency among the research over time, including disagreements on how leading 

and lagging indicators interact and how they should be measured (Manuele, 2009). For example, 

a study in 2005 found that safety climate was negatively correlated with self-reporting injuries, 

suggesting that companies with better safety climate, had fewer injuries (Huang, Ho, Smith & 

Chen, 2006). In contrast, a later study found that when safety climate and injury relationships 

were studied with industry injury risk as a confounding factor, there was no longer a negative 

correlation. This suggests that it is not safety climate that is related to injuries, but industry injury 

risk (Smith, Huang, Ho & Chen, 2006). Furthermore, most research has been completed on large, 

industry wide bases, or on very small sample size, such as one small company, or one crew, 

leaving the effect of leading indicators in midsized companies relatively unknown.  
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1.2 Research Question 

This research examines whether the relationships between safety leading and lagging 

indicators, as seen on an industry level, can also be seen when comparing different working 

groups within a construction company. In other words, do construction projects with high levels 

of positive leading indicators have fewer lagging indicators, and therefore fewer accidents, than 

projects from the same company with lower levels of positive leading indicators? If the 

assumption is correct, the relationships that companies find in their own data would support 

current research and legislation. If the assumption is incorrect, the relationships that companies 

can see through their own data would be counterintuitive to what is being promoted to them by 

research and legislation. Further research needs to be done to determine if the leading and 

lagging assumption can be seen with company data. 

1.3 Overview of Thesis 

This thesis contains six chapters all written to further research of leading and lagging 

indicators while using company data. Chapter 1, as seen above, contains an introduction to 

construction safety. Chapter 2 contains a comprehensive scoping review on leading and lagging 

indicators measured on a construction project level. Chapter 3 contains a detailed report on the 

methods and materials used. Chapter 4 contains the results of this study. Chapter 5 contains a 

discussion of the results, and finally, Chapter 6 contains a conclusion and further implications of 

this research. 
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Chapter 2: Literature Review 

This literature review is a scoping review. A scoping review is a literature review that 

maps key concepts related to the research area using a rapid timeline (Arksey & O'Malley, 

2007). Leading and lagging indicators have been studied in construction project research. This 

research works to summarize the current research on construction project leading and lagging 

indicators. Additionally, this review will identify gaps to focus further studies.   

2.1 Literature Review Research Methodology 

First, it is important to develop a list of safety indicators that have been researched, in 

order determine which administrative data should be selected by contractors for research. To 

develop a comprehensive list of the leading and lagging safety 

indicators that have been used in construction projects to 

monitor safety, a scoping review was completed. In addition to 

providing a comprehensive list, this literature review also 

summarized how the leading and lagging indicators relate with 

each other in previous research. The information found 

through this literature review was used to choose what 

indicators would be included in this study.  

Relevant studies were selected using the electronic 

database PubMed and Scopus. These databases provide 

comprehensive coverage of the research available in both the 

medical and engineering fields, necessary when completing research in construction safety. The 

search terms used in the databases can be seen in Table 1. References were excluded if they were 

books, duplicates, not in English, or unavailable in full-text by the researcher. The scoping 

Table 1 

Literature Review Search Terms 

Variable Search Term 

Population 

And 

 

Construction 

 

Indicator 

And 

 

Indicator* 

Safety 

And 

 

Safety 

Type of 

Indicator 

 

 

Leading 

Lagging 

OR 

 

Note: results of this review would 

have been affected by the search 

terms chosen. Use of different search 

terms may have led to different 

results. 
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review process was completed using DistillerSR (DistillerSR, Ottawa, ON). A two-step 

screening process was completed on the articles selected through the databases and this process 

is further explained below. 

In phase one, eighty-one articles were selected using the search strategy shown above. After 

duplicates were removed, 79 articles were reviewed for inclusion based on the following criteria: 

(1) be related to construction, (2) include safety indicators, (3) identify leading and lagging 

indicators and (4) be an academic journal article. After phase one, 33 of the 79 articles remained 

with 46 exclusions. 

In Phase 2, thirty-three articles underwent further examination. Only articles that measured 

safety indicators at a construction project level were included. A total of 21 articles were 

excluded.  

The remaining 12 articles were eligible for full-text review. Two articles were removed as the 

full text was not available, leaving 10 articles remaining for full text review and data extraction. 

Data extraction was completed using an excel spreadsheet to track the author, date, journal, 

safety indicators used and relationships between safety indicators used. A summary of the article 

selection process can be seen in Figure 1 below. 
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Overall, the studies included small sample sizes including case studies, pilot studies, and 

literature reviews. No large population study was completed. Additionally, the articles contained 

many recurring authors, showing that few researchers are involved in this area of study. Table 2 

below provides the title, author(s), year and brief summary of each study’s research goal. 

 

 

Figure 1. Flow Diagram of Article Selection Process 

81 records identified through     

database searching. 

Phase 1: 79 articles title-abstract 

screen based on exclusion         

criteria 

Phase 2: 33 articles title-abstract 

screen based on exclusion        

criteria 

10 studies included in the review 

46 articles excluded 

Phase 3: 12 full-text articles     

tested for availability 

2 articles excluded 

21 articles excluded 

2 duplicates removed 
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Table 2 

Summary of Literature Review Articles 

Author(s), Year Study Type and Research Goal 

Ng, Laurlund, 

Howell, & 

Lancos, 2010 

 

Case Study: to measure the impact of a 5-S assessment tool and safety leading 

indicators on project safety. 

Lingard, 

Wakefield, & 

Cashin, 2011  

 

Case Study: a monthly weighted safety index score and safety climate survey 

were used to measure safety performance on a construction project. 

Ng, Laurlund, 

Howell, & 

Lancos, 2012 

 

Case Study: analysis of use of a 5-S assessment tool on one construction 

project to observe how safety leading indicators were reported over the course 

of the project. 

Hinze, Therman, 

& Wehle, 2013 

 

Review Article: discusses the difference between passive and active leading 

indicators within construction safety performance 

Rajendran, 2013 

 

 

Case Study: analysis of leading and lagging indicators of one project to 

evaluate leading indicators under real project conditions 

Guo & Yiu, 2015 

 

 

Theoretical Article: this article works to create a conceptual framework for 

developing safety leading indicators for use within the construction industry. 

Sparer, Herrick, 

& Dennerlein, 

2015 

 

Pilot Study: this research developed a leading indicator based incentive 

program for construction projects. 

Schwatka, 

Hecker, & 

Goldenhar, 2016 

 

Review Article: discusses the literature on the leading indicator, safety 

climate, including on a project level. 

Lingard, 

Hallowell, Salas, 

& Pirzadeh, 2017 

 

Case Study: analysis of the temporal relationships of leading indicators within 

one five-year construction project. 

Niu, Leicht, &  

Rowlinson, 2017 

 

Focus Groups: this research works to develop indicators that influence site 

safety that can be measured using safety climate tools. 
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As is evident by Table 2 above, the research questions of the final ten articles varied. As 

mentioned earlier, for leading indicators to be used on construction projects, first, the indicators 

need to be developed, and then second, tested in a construction project setting (Rajendran, 2013). 

Many of these articles were focused on the first step – development of indicators. This includes 

defining (Hinze et al., 2013; Schwatka et al., 2016), developing (Guo & Yiu, 2015; Lingard et 

al., 2011; Niu et al., 2017), or measuring indicators (Ng et al., 2010; Ng et al., 2012). Fewer 

focused on the second step, testing on construction projects through completion of validation 

testing of the leading on the lagging indicators (Lingard et al., 2017; Rajendran, 2013).  

Within the articles in this scoping review, this study categorized the safety indicators 

used in the studies identified through the scoping review into either leading or lagging indicators. 

In the studies,15 leading and 4 lagging indicators were included. As not all authors used the same 

name for similar indicators, indicators that were similar were grouped together for the purpose of 

this scoping review. The most popular indicators that were categorized as leading were attitudes 

and safety climate, site inspections/audits, training and safety talks, and worker safety behaviour. 

The most common indicators that were categorized as lagging were first aid injuries and lost 

time injuries. More information can be seen in Table 3 below. 
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Ng, Laurlund, Howell, & 

Lancos, 2010
X X X X X X

Lingard, Wakefield, & 

Cashin, 2011 
X X X X X X X X

Ng, Laurlund, Howell, & 

Lancos, 2012.
X X X X X X

Hinze, Therman, & 

Wehle, 2013
X X X X X X

Rajendran, 2013 X X X X X X X

Guo & Yiu, 2015 X X X X X X

Sparer, Herrick, & 

Dennerlein, 2015
X X X

Schwatka, Hecker, & 

Goldenhar, 2016
X X

Lingard, Hallowell, Salas, 

& Pirzadeh, 2017
X X X X X

Niu, Leicht, &  

Rowlinson, 2017
X X X

Total 1 5 2 3 2 2 3 2 2 3 1 5 3 6 5 2 3 1 1

LaggingLeading

Safety Indicator Type

Table 3

Summary of Safety Indicators
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If the indicators were found in two or more studies they are discussed in the results 

section. In some cases, indicators were only used by Ng et al. (2010; 2012). However, these 

authors did not define their indicators or identify what was counted, beyond a broad 

categorization, such as fall protection. Therefore, indicators that were only used by Ng et al. 

(2010; 2012) are not further explained. These include fall protection, ladders and stairs, personal 

protection equipment (PPE), and railings and covers. 

2.2 Results of Comprehensive Literature Review 

 Through a scoping review, ten leading indicators, and two lagging indicators were 

identified as being previously used in studies that focused on contractor project data. These 

indicators will be further explained below. 

2.2.1 Summary of Leading Indicators 

 Leading indicators were more commonly discussed than lagging indicators in the studies 

included in this review. Within the studies, there seemed to be a focus on attitude and behaviour 

based leading indicators such as safety climate, in comparison to counting prevention measures 

such as site inspections. The common leading indicators are further explained below. 

Attitudes and Safety Climate: Many of these articles broadly studied the attitude of employees or 

managers in the workplace. One particular measure of this is safety climate. Safety climate is 

broadly defined as the employee perceptions of safety in the workplace, specifically as it related 

to manager perceptions (Schwatka et al., 2016). 

Housekeeping: Housekeeping is an indicator of the physical hazards in the working environment 

(Guo & Yiu, 2015). Housekeeping is a broad term regarding the cleanliness of a site. It includes 

aspects such as waste removal, and material and equipment storage (Construction Projects, 

1991). 
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Near Miss: A near miss is an incident that is considered a close call. It is an incident that could 

result in injury or property damage, but no damage was caused (Rajendran, 2013). 

Pre-task Safety Plan: Guo and Yiu (2015), define pre-task safety planning as the discussion of 

hazard controls to eliminate, or manage hazards in the work tasks. This planning is done by 

controls such as guards, change in task sequence, or use of personal protection equipment. 

Safety Corrections: Ng et al. (2010; 2012) measured the number of safety corrections as the 

number of non-compliance of project safety regulations made by the workers on an ad hoc basis. 

In contrast, Lingard et al. (2012), measured non-compliance as determined through site 

inspections alone. 

Site Inspections: Site inspections, and their similar counterpart, site audits, are tests that measure 

the number of hazards on a site. Rajendran (2013) used a scoring system where points were 

deducted based on the number of safety violations that occurred on the site. Site inspections are 

checklists completed by a knowledgeable individual such as a supervisor or safety representative 

(Lingard et al., 2016). 

Subcontractor Safety: Subcontractor safety was seen at many different levels. Guo and Yiu 

(2015) used subcontractor safety leadership as an indicator in their developed construction 

project safety condition map, yet they did not provide a method for measurement. Sparer et al. 

(2015) measured subcontractor safety performance based on a weighted calculation that involved 

counting unsafe and safe work observations to provide a single score. Hinze et al. (2011) 

measured subcontractor safety score not from on-site actions, but rather provided examples of 

how subcontractor safety can be used prior to subcontractor contract award based on 

subcontractor safety history, safety policy and their site-specific safety program. 
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Training/Job Safety Talks: Guo and Yiu (2015) indicated safety talks, safety coaching, and 

safety training for supervisors as safety practices that can change safety conditions. Training is 

often considered an aspect of safety climate (Niu, et al., 2017; Schwatka et al., 2016). Toolbox 

talks, or job safety talks, are a form of safety communication that occurs on a regular basis to 

exchange information between management and workers (Lingard et al., 2016). 

Worker Safety Behaviour: Worker safety behaviour was measured in many studies. It involves 

measures such as worker involvement in safety (Schwatka et al., 2016), worker safety 

motivation, and worker safety competency (Guo and Yiu, 2015). Rajendran (2013) instead 

measured worker safety actions by using a safety professional to mark worker safety behaviour 

based on a checklist. 

As shown by the leading indicators explained above, the leading indicators focused on 

hazard identification or correction such as site inspections or training, as well as attitudes and 

behaviours such as safety climate. All indicators were related to behaviours or attitudes that 

promote accident prevention rather than negative safety outcomes. 

2.2.2 Summary of Lagging Indicators 

 Lagging indicators, having been researched for a longer time than leading, are typically 

easily accessible and well documented, yet, lagging indicators were less commonly used in the 

studies in this review. Lagging indicators are generally accessible as they are reporting measures 

that are required by various health and safety authorities in order to track company performance 

and to monitor injury trends (OHSA, 1990). This makes research on lagging indicators 

convenient. Yet, despite the convenience, there seems to be a shift towards leading indicators in 

the current research. This shift leaves common lagging indicators such as first aid injuries and 

lost time injuries, less used in research. 
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 There are many reasons as to why lagging indicators are less commonly researched. One 

being the focus on injury prevention in research and in occupational health and safety practice. 

Researchers and practitioners have chosen to focus on indicators that can lead to injury 

prevention, such as site inspections, instead of indicators that document safety outcomes, such as 

injuries. The thought is that leading indicators allow for research to be more proactive, rather that 

retroactive with lagging indicators. 

First Aid Injuries: First aid injuries include any injury that can be treated with minimal first aid 

and require no further medical treatment (Rajendran, 2013). First aid injuries are recorded on site 

as part of the reporting requirements in Ontario, Canada, the location of this study, in the OHSA 

(1990). This reporting requirement is similar across many jurisdictions. This measure was 

included by Lingard et al. (2010) as well as Rajendran (2013). 

Total Recordable Injury Rate or Lost Time Injuries: A total recordable injury rate is a rate used 

for the United States Occupational Safety and Health Administration (OSHA) and includes any 

injuries that require any medical treatment beyond first aid (Rajendran, 2013). A subset of the 

Total Recordable Injury Rate is the Lost Time Injuries, where workers miss work leading to loss 

of earnings (Ontario Health and Safety Act, 1990). As the documentation of lagging indicators is 

related to safety authority documentation requirements, the type of indicator used, whether total 

recordable injury rate or lost time injuries, is often based on the safety authority in the research 

area. In Ontario, lost time injury is the more commonly used metric, as it is used by the 

Workplace Safety and Insurance Board (WSIB) under the reporting requirements of the OHSA 

(Ontario Health and Safety Act, 1990). 
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 As shown by the summary of the indicators identified in the scoping review, the lagging 

indicators were related to negative safety outcomes, specifically varying levels of injuries. 

Lagging indicators are readily available based on government reporting requirements but are 

being less commonly used in research in favour of leading indicators. 

2.2.3 Interaction of Leading and Lagging Indicators  

The focus of this literature review was to determine how leading and lagging indicators 

relate to each other on construction projects. Only two articles addressed this, and thus they are 

the focus for this discussion.  Unfortunately, while these articles provide some research into 

leading and lagging indicators in construction projects, the occurrence of few articles being 

available showed the need for more research in this area.  

The first study, Lingard et al. (2017) completed temporal analysis of leading indicators. 

The authors asked whether leading indicators are actually leading, and how long until the 

implementation of leading indicators leads to improvements in lagging indicators. They studied 

11 leading indicators including safety talks, hazards reported and safety inspections. These 

researchers used frequency data collected by subcontractors and contractors on a large, 5-year 

construction project in Australia. This frequency data underwent many levels of pre-processing 

such as adjustment for man hours prior to being included in results. This study determined that 

the ‘leading’ aspect of leading indicators is actually dynamic in nature. Leading indicators did 

not improve the lagging indicator, specifically the total recordable injury rate, in the expected, 

predictable way. This left the authors to acknowledge that safety leading indicators are very 

complex. Furthermore, they suggest that there is a bidirectional relationship between leading and 

lagging indicators. In other words, the assumed unidirectional temporal aspect of leading 

indicators was not supported by their study. In their study they found that leading indicators both 

led and lagged. For example, toolbox talks led to a decrease in injuries for the first four months, 
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then injuries led toolbox talks for the next two months. In this case, both indicators, injuries and 

toolbox talks, spent time as a leading and lagging indicator, and were therefore bidirectional. 

This shows that concept that forms the basis leading and lagging indicators is much too simple 

for the complex nature of construction. These authors propose focusing less on leading and 

lagging categories, and rather label indicators as positive and negative. While this study greatly 

enhanced the research on leading and lagging indicators, they failed to acknowledge how the 

significance of their study impacts construction companies and management. Instead they 

focused on their studies significance on other research. For example, if the use of leading and 

lagging terminology may be causing difficulties in the research setting, would it not also cause 

difficulties in management intervention? This question and many more remain unacknowledged. 

In the second study, Rajendran (2013) collected both leading and lagging indicators for 

one construction project to determine if there was correlation between the leading and lagging 

indicators. The three leading indicators used were pretask plan review, worker safe behaviour 

observation score, and site safety audit score. These leading indicators were then tested for 

correlation between the four lagging indicators: first aid, near miss incidents, OSHA recordable 

incidents, and all project incidents. This information was collected for 37 weeks by safety 

professionals. This author found correlations between pretask plan review and total incidents (r 

=-0.507), pretask plan review and first aid (r =-0.573), worker safe behaviour observations and 

total incidents (r =-0.588), and worker safe behaviour observations and first aid (r =-0.635). 

While these correlations looked promising, the statistical significance for the correlation 

coefficients was not provided. In addition, the study focused on positive findings without making 

clear that only four of the twelve correlations supported the study hypothesis. The author 

provided little discussion of the negative results or provide results that did not support their 
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hypothesis. While this study did start dialogue on leading and lagging indicators on construction 

projects, more vigorous research needs to be done. 

Both of the two studies mentioned above provided information about how leading and 

lagging indicators work in construction projects but both were completed on a case study of only 

one project. The pilot/case study nature of the research provided insight into the real-life 

relationships of these indicators, but larger samples need to be used in further research. 

Additionally, the studies examined in this literature review also showed that leading and lagging 

indicators in construction projects are very complex and may not relate to each other as expected. 

Although there was very little information available to how leading and lagging 

indicators relate to each other, some conclusions can be made based on the articles examined. 

Lagging indicators focused on injuries and incidents. All lagging indicators had negative 

outcomes, matching the definition of lagging indicators. The leading indicators, on the other 

hand, can be put into two categories: attitudes and prevention measures. Examples of leading 

indicators that measure attitudes include safety climate and manager attitude towards safety. 

Examples of leading indicators focused on preventive measures: worker safe behaviours, site 

safety inspections and pre-task safety plans. Leading indicators focused on attitudes were more 

common, this may because the preventative measure leading indicators, such as pre-task plan 

review and site inspections, were not always negatively correlated with lagging indicators as 

expected in the research environment as shown by Rajendran (2013) and Lingard et al. (2010). In 

conclusion, although the small sample size of 10 articles for analysis led to minimal research 

being available to make confident conclusions. This small sample size may be in part due to the 

search terms selected for this scoping review. Yet, this scoping review showed the need for more 

research in the future. 
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Chapter 3: Methods and Materials 

3.1 Study Sample 

Melloul Blamey Construction (MB) is a general contractor in Ontario, provided the 

project data used in this case study. MB specializes in several types of construction including 

industrial, commercial and institutional sectors as well as multi-residential buildings, such as 

student apartment buildings. Between 2012 and 2016, the time period of this study, MB 

completed 78 projects ranging with a cost from $100,000’s to multi millions. MB is COR 

certified, meaning that they have passed regular audits to show their excellence in safety, see 

section 1.1.2 (IHSA, n.d.).  

3.1.1 The Projects 

 Data from construction projects completed from 2012 through 2016 were used for this 

study. In 2012, MB changed to storing project information on electronic databases, which made 

the data readily available for research. The end date, 2016 was the last full year of data available 

at the time of research collection. Although data collection for this study was conducted in 2017, 

no construction projects started in 2017 were included in this study as the projects were not 

completed in time for data analysis. Through MB’s electronic data base, 78 projects were 

identified and evaluated for research eligibility. Reasons for excluding projects can be seen in 

Figure 2 below. Project inclusion in this study was based on the following criteria: 

1. Construction contract was either fixed bid, design build or construction management 

2. Project was completed by time of data collection 

3. Project was recorded consistently across MB departments (further explained below) 
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As shown in Figure 2, and mentioned in criteria 3, projects had to be recorded 

consistently across departments within MB. As a result of this criteria, 18 projects were 

excluded. An example of failure to meet this criteria is with the creation of a strip mall and box 

store centre. In the safety department, this entire property and construction was recorded as one 

large project, as the many buildings were completed at the same time, at the same location, and 

by the same superintendent. Yet, in the project management department, this build was 

considered to be four separate projects based on who the building contract was with, one for the 

developer to prepare the site for construction, one for the owner of the grocery store, one for the 

owner of the strip mall, and another for the owner of the box store. Unfortunately, the 

discrepancy in records logged differently between the safety and project management department 

did not allow these projects to be included in the research studies. There were 47 eligible projects 

available for this research.  

Figure 2. Construction Project Removals 

Construction Projects       

between 2012 and October 

2016 accessed for eligibility 

(n=78) 

Construction Projects       

included in study (n=47) 

Ineligible Projects (n=31) 

   - Was not construction management, 

fixed bid, or design build contract 

(n=10) 

   - Project incomplete by October 2016 

(n=3) 

   - Multi-construction projects for same 

owner could not be divided into 

individuals projects for research (n=18) 
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3.2 The Indicators 

 For the 47 projects, 8 indicators were used based on the indicators logged by MB. These 

indicators consisted of 8 safety indicators, and 1 project length indicator. The indicators were 

logged using reports previously collected by the company and stored by the safety department. 

This type of data is considered administrative data, meaning data that is collected for reasons 

other than research or statistics, such as legislation requirements or part of the regular business 

process (Hashimoto, Brodt, Skelly & Dettori, 2014; Statistics Canada, 2017b). Many safety 

indicators are reported by construction companies due to the legislative reporting requirements of 

the Ontario Health and Safety Act (1990) and the Workplace Safety and Insurance Act (1997). 

The strength of administrative data as it is a readily available source for ‘real world’ data. It also 

can lead to very large databases for research use (Hashimoto et al., 2014). Yet, the accuracy of 

administrative data can vary based on the data’s original purpose and how it was collected. For 

example, insurance injury reports could be completed less than necessary, or reported to 

downplay the extent of the injury, in order that a company’s safety reputation or insurance 

premiums are not affected. Due to the limitations of administrative data, it is imperative to 

evaluate the quality of administrative data prior to its use.  

3.2.1 Safety Indicator Selection 

Safety indicators are divided into two groups: leading and lagging. Leading indicators are 

aimed at measuring accident prevention, while lagging indicators are aimed at measuring 

accident outcome (Toellner, 2001). Through MB, eight safety indicators were evaluated for 

inclusion in this research. Additional indicators were considered as part of the literature review 

in Chapter 2, but they were not accessible at the time of research. Available indicators were 

evaluated for inclusion based on three criteria: (1) Whether or not the data was available, (2) 

whether or not they are indicators commonly used in research, (3) and whether the indicators 
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collected with reasonable consistency across the projects.  The available leading and lagging 

indicators were: 

1. Leading Indicators 

▪ Number of Toolbox Talks 

▪ Number of Site Inspections 

▪ Number of Near Misses 

2. Lagging Indicators 

▪ Number of Subcontractor Notice of Offenses: 

▪ Number of Lost Time Injuries 

▪ Number of Medical Injuries 

▪ Number of First Aid Injuries 

▪ Number of MOL citations per inspection 

Leading Indicators.  

Three leading indicators were selected to be tested for inclusion in this study: number of 

toolbox talks, number of site inspections and number of near misses. While there were more 

leading indicators available, they were used less commonly and changed regularly over the 

course of the four years. Examples of these indicators would be supervisor safety review scores, 

daily hazard assessments, and pre-construction safety meetings. While they would have provided 

more options for leading indicators, the changes in legislation and reporting made them too 

variable to be included. Therefore, only the three chosen leading indicators will be examined 

below. 
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First, number of toolbox talks and number of site inspections have very similar strengths 

and limitations. A toolbox talk is a short onsite training session that occurs on a regular basis to 

educate the workers on site specific hazards as well as refresh workers safety training (Lingard et 

al., 2011). Site inspections are walkarounds completed by the superintendent or site safety 

representative that involves looking for safety hazards using a standardized checklist (Rajendran, 

2013). The strength of these indicators is that they are indicative of the emphasis on safety that 

occurs on a site. In this study, both of these indicators were measured using counts as that was 

the data that was available from the company; although count data is highly reliable, counts do 

not allow for detail, such as the breadth of the talk or site inspection to be taken into 

consideration. Thus, certain questions such as the reason a talk occurred, the number of hazards 

noted, and the preventative measures taken as a result, cannot be determined using these 

indicators. During 2012-2016, according to Deb Henhoeffer, a safety practitioner at MB, the 

toolbox talks and site inspections were reported consistently across sites regarding frequency, but 

the details within the documentation were not consistent across sites, which only allows for 

frequency counts, rather than more detailed analysis (D. Henhoeffer, personal communication, 

May 23, 2018). Despite the limitations, toolbox talks and site inspections met the criteria, as they 

were available, commonly used and research and consistently collected. 

 Second, the final leading indicator, near misses is an unplanned incident that does not 

result in injury or loss of property (Lingard et al., 2011). A near miss is an indicator of potential 

risk on a construction site and relies on individual judgement and reporting. For example, a 

worker nearly fell from the second floor of a construction site when he lost his balance. He 

managed to correct himself. This would be reported as a near miss because if he fell, it could 

have resulted in injury. Additionally, near misses can be underreported because they can be hard 
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to identify and are not regularly scheduled as talks and inspections are. This underreporting is 

evident in this data set, as the range for near misses was 0 to 5 per project. Additionally, 

identifying near misses requires the knowledge of safety requirements, and the foresight to see 

potential dangers. For example, a worker may not report a near miss because they did not 

identify the situation as dangerous. If a worker dropped a tool while working on an elevator shaft 

while alone, no one was at risk from being hit by the falling object because no one was working 

below them. Still, this situation is a near miss because if someone had entered the elevator shaft, 

an injury may have occurred. The worker may not report the near miss because they did not have 

the knowledge to see how the incident may have caused an injury. At MB, near misses go largely 

underreported, their safety practitioner suggests that it is not because of a lack of safety 

knowledge or foresight, but rather because of the extra paperwork and because of a feeling of 

blame and embarrassment associated with reporting a near miss (D. Henhoeffer, personal 

communication, May 23, 2018). This feeling of embarrassment has also been noted in research 

as a cause of underreporting (Toellner, 2001), and is noted to occur if near misses are used as a 

preventative indicator, rather than an outcome indicator, such as injuries (Hinze et al., 2013). As 

a result, only more severe near misses are reported, such as if it is clear than an individual could 

have been gravely injured, and the near miss had witnesses (D. Henhoeffer, personal 

communication, May 23, 2018). Furthermore, as near misses are not regularly scheduled, a 

worker or superintendent may prefer to act on the near miss verbally with their coworkers, rather 

than documenting it for the safety department. As it is not scheduled, the safety department 

cannot remind them if they are behind on documentation, as there is no set expectation (D. 

Henhoeffer, personal communication, May 23, 2018). As a result of these limitations, near 

misses did not meet the third criteria, consistency, and were not included in this research. 
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 After evaluation of the leading indicators, toolbox talks and site inspections were 

included for data analysis, while near misses were excluded. 

Lagging Indicators.  

First, lost time injuries are workplace injuries that require a person to miss at least the 

next day of work after an injury, or injuries that lead to permanent injury or death (Workplace 

Safety and Insurance Act, 1997). Injuries requiring medical attention are also lost time injuries 

and must be reported to the WSIB if modified work lasts more than seven days. However, lost 

time injuries were not included as a safety indicator as MB did not experience any lost time 

injuries between 2012 and 2016. MB did not experience any lost time injuries because the 

medical injuries that did occur were dealt with, if necessary, with a successful Return to Work 

program where modified work is given lasting only up to seven days (D. Henhoeffer, personal 

communication, May 23, 2018). In Ontario, using modified work is legal and promoted, as long 

as the worker does not need modified work for longer than 7 days and earns their regular wage 

(Workplace Safety and Insurance Act, 1997). In the United States, medical injuries need to be 

reported to OSHA whether or not the worker can complete modified work. As a result, medical 

and modified work are often under-reported to reduce the burden of insurance costs on the 

company. Likely, this effect is minimized in Ontario due to the seven day modified work grace 

period (Pransky, Snyder, Dembe, & Himmelstein, 1999). However, since fewer medical injuries 

are required to be reported in Ontario, a different measure of injury may have been better for this 

research, such as injury severity that accounts for whether modified work was used.  

Second, the number of medical injuries and first aid injuries were also evaluated for 

inclusion. An injury is a workplace injury that requires medical intervention, while a first aid 
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injury is a workplace injury that can be treated on site using first aid. Number of medical injuries 

and number of first aid injuries are more reliably recorded since they are defined events with an 

outcome in contrast to less defined events such as near misses. Furthermore, the workers are 

more likely to report them if they affect their work (D. Henhoeffer, personal communication, 

May 23, 2018), such as a first injury that impedes their ability to complete their task on time. 

Workers know that they are supposed to report all injuries, and they seem to report the more 

severe injuries reasonably consistently. The most common injuries underreported are for very 

minor first aid injuries, such as small cuts. Some people may have reported these injuries, while 

some may have not. For example, an injured worker may prefer to treat their first aid injury by 

themselves and not report it. Yet, this underreporting of first aid injuries is likely consistent 

across projects (D. Henhoeffer, personal communication, May 23, 2018). Overall, injury 

information, both medical injuries and first aid injuries, was available for all 47 projects, 

commonly used in research, and had reasonable consistency across the projects. As these two 

indicators met all three criteria, they were included in this study. 

 Third, subcontractor notices of offenses are used when subcontractors are given written 

warning about their safety violations. This warning may include fines. For example, MB has a 

policy that requires immediate removal of a subtrade from the job site if they fail to use fall 

protection (D. Henhoeffer, personal communication, May 23, 2018). Subcontractor notice of 

offenses can be used to gauge if the violations on site are being completed by the general 

contractor’s employees or by the subcontractors. Unfortunately, many superintendents prefer to 

only use these in severe cases, as they would prefer to verbal warnings (D. Henhoeffer, personal 

communication, May 23, 2018). As a result, subcontractor notice of offences did not occur many 

times in the 47 projects, with the frequency of offences ranging from 0 to 5 (mean of just 0.617). 
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This low occurrence may be due to the nature of subcontractor offenses, or it may be because 

they are underreporting. Similarly to near misses, the nature of subcontractor notice of offense 

requires the ability to foresee potential dangers and the judgement of when to report it. This can 

be very difficult for workers and is consequently inconsistently reporting across sites. As a result, 

they were excluded from data analysis due to a lack of consistency and too small of a sample 

size.  

Finally, information based on Ministry of Labour (MOL) citations was also available, but 

it was not used as MOL inspections did not occur on every site. Additionally, often MOL 

inspections occur with a certain purpose in mind, based on the goals of the MOL at the time. For 

example, the MOL may choose to do a series of investigations focused on fall protection, called 

a blitz (Government of Ontario, 2018). With the purpose of the inspections changing over time, it 

makes their measure across time to lack consistency. 

 As a result of the evaluation of the lagging indicators, number of medical injuries and 

number of first aid injuries were included for data analysis, while lost time injuries, 

subcontractor offenses and MOL citations were excluded. 

3.3 Data Analysis 

 

 The goal of this research was to examine whether the relationships between safety 

leading and lagging indicators, as seen on an industry level, can also be seen when comparing 

different projects within a construction company.  
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3.3.1 Outcome, Control and Hypothesis Variables 

For the purpose of statistical analysis, five indicators were used: number of toolbox talks, 

number of site inspections, number of medical injuries, number of first aid injuries and project 

length. These indicators can be seen in Table 4 below.  

Table 4 

Model Variables 

Indicator Acronym Variable Type 

Number of Toolbox Talks a TT 

 

Hypothesis 

Number of Site Inspections  a SI 

 

Hypothesis 

Number of Injuries requiring 

Medical Attention ab 

NI 

 

 

Outcome 

Number of First Aid Injuries ab NFA 

 

Outcome 

Project Length a PL Offset 

a all safety indicators were measured as a count 
b data contained excess zero counts 

 

The five indicators were collected as counts and divided into hypothesis variables, 

outcome variables, and a control variable. The two hypothesis variables were the leading 

indicators, site inspections and toolbox talks. The two outcome variables were the lagging 

indicators, number of medical injuries and number of first aid injuries. In order to determine 

what statistical model would best fit the data, frequency graphs for the outcome variables 

suggested that the lagging indicators had excess zeros. Based on these distributions, the 

hypothesis was that projects with higher values for the hypothesis variables, and therefore more 

site prevention, would have more zeros in the outcome variable as a result. In order to model this 

hypothesis, zero-inflated Poisson models were selected as the form of data analysis.  
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3.3.2 Zero-Inflated Poisson Model 

A zero-inflated Poisson model is a form of regression analysis which is used to analyze 

data with excess zero counts. The models consist of two parts: a Poisson count model and a logit 

model for predicting extra zeros. A zero inflated Poisson model is given by the three equations 

below:  

log (
𝜆𝑖

𝑛𝑖
) = 𝒙𝑖

′𝜷 
(1) 

log(𝜔𝑖) = 𝒛𝑖
′𝜸 (2) 

Pr(𝑌𝑖 = 𝑦𝑖) = {

𝜔 + (1 − 𝜔)𝑒−𝜆                          𝑓𝑜𝑟 𝑦 = 0

(1 − 𝜔)
𝜆𝑦𝑒−𝜆

𝑦!
                    𝑓𝑜𝑟 𝑦 = 1,2, …  

 

(3) 

 

𝜆𝑖 is the rate of observed counts 𝑦𝑖 are observed for subject 𝑖, 

𝜔𝑖 is the proportion of zeros in the counts of 𝑦𝑖 observed for subject 𝑖, 

𝑛𝑖 is the offset variable that accounts for the length of exposure under which 

the counts of 𝑦𝑖 are observed. 

In our application, 

𝜆𝑖 is the rate of observed counts of NI or NFA are observed for project 𝑖, 

𝜔𝑖 is the proportion of zeros in the NI or NFA are observed for project 𝑖, 

𝑛𝑖 is the project length, since more NFAs or NIs will be observed for longer 

project lengths. 

 



31 
 

To assess the association between the hypothesized variables (SI and TT) and the 

outcome variables (NI and NFA), we ran a series of zero-inflated Poisson models as shown in 

Table 5 below.  

Table 5 

Statistical Models 

Model Number Hypothesis 

Variable  

Outcome 

Variable 

1 TT NI 

2 SI NI 

3 TT NFA 

4 SI NFA 

Note: all models were run with PL as an offset variable 

 

Model 1 tested run with hypothesis variable TT, control variable PL, and outcome 

variable NI. This model was used to test the hypothesis that toolbox talks would lead to 

increased zero counts in the number of medical injuries. 

Model 2 tested run with hypothesis variable SI, control variable PL, and outcome variable 

NI. This model was used to test the hypothesis that site inspections would lead to 

increased zero counts in the number of medical injuries. 

Model 3 was tested with hypothesis variable TT, control variable PL, and outcome 

variable NFA. This model was used to test the hypothesis that toolbox talks would lead to 

increased zero counts in first aid injuries. 

Model 4 was tested with hypothesis variable SI, control variable PL, and outcome 

variable NFA. This model was used to test the hypothesis that site inspections would lead 

to increased zero counts in first aid injuries. 
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Additional models were also run when the hypothesis variables were not run independently of 

each other. Models were run with both a zero-inflated Poisson and a Poisson distribution with NI 

and NFA as the outcome variables. Early analysis found that the zero-inflated models better fit 

the observed frequencies. Additionally, models were run with SI and TT jointly as well as 

independently. Only models with SI and TT run interpedently led to significant results. Models 

were SI and TT were run jointly can be seen in Appendix A. As a result of the early analysis, 

zero-inflated Poisson models were developed with SI and TT run independently of each other. 

All models were run using the statistical software package SAS Studio version 3.5 with a 

significance cut off of p<0.05. 

  



33 
 

Chapter 4: Results 

4.1 Descriptive Statistics 

 

Descriptive statistics for the variables of interest are given in Table 6. PL ranged from 2 

months to 24 months with a mean of 10.936. The four variables SI, TT, NI, and NFA are 

summary counts per project. For the hypothesis variables, SI had a mean and standard deviation 

of 51.021 and 31.232, while TT had a mean and standard deviation of 45.149 and 30.399.  

 

 

 

 

 

 

 

For the outcome variables, NI ranged from 0-8 with many of these values being low, hence 

reducing the mean to 1.489.  These low values can be seen in Figure 3, where 42% of the values 

were 0, and 21% were 1. Similarly, NFA had a reduced mean of 3.191 due the many low values. 

Figure 4 shows that 27% of the projects experienced zero first aid injuries, and 21% only 

experienced one first aid injury. 

 

 

Table 6 

Descriptive Statistics for Model Variables 

Variable N Mean Std Dev Min Max 

PL (month) 

 

47 

 

10.936 5.980 2  24 

SI (count) 

 

47 

 

51.021 

 

31.232 

 

3 

 

120 

 

TT (count) 47 45.149 30.399 2 

 

115 

NI (count) 47 

 

1.489 1.943 

 

0 8 

 

NFA (count) 

 

47 

 

3.191 

 

3.651 

 

0 

 

15 
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4.2 Impact of Leading Indicators on Number of Medical Injuries 

 Model 1 tested for a negative association between NI and TT, for which the results are 

given in Table 7 which suggests that TT was not significantly associated with zero medical 

injuries per project. Hence, this model implies that a unit increase in TT is associated with a 

decrease in NI by a rate of 0.032, but this reduction is not significantly different from zero. 

Table 7 

Model 1 Parameter Estimates From Zero-Model Regressing NI on TT with Offset PL  

Parameter DF Estimate 

Standard 

Error 

Wald 95% 

Confidence Limits Pr > ChiSq 

Intercept 1 0.312 0.939 -1.527 2.152 0.739 

 

TT 1 -0.032 0.018 -0.068 0.003 0.076 

 

 

Similarly, Model 2 tested for a negative association between NI and SI, for which results are 

shown in Table 8 which suggests that SI was not significantly associated with zero medical 

injuries per project. As a result, this model implies that a unit increase in SI is associated with a 

decrease in NI by a rate of 0.028, but again, this reduction is not significantly different from 

zero. 

Table 8 

Model 2 Parameter Estimates From Zero-Model Regressing NI on SI with Offset PL 

Parameter DF Estimate 

Standard 

Error 

Wald 95% 

Confidence Limits Pr > ChiSq 

Intercept 1 0.151 1.238 -2.274 2.577 0.903 

 

SI 1 -0.028 0.020 -0.067 0.011 0.157 

 

 

In order to test model goodness of fit, the predicated counts under the zero-inflated Poisson 

model were compared to the observed counts. The chi square for goodness of fit was not 

significant for Model 1 (p>0.999) and Model 2 (p>0.999) suggesting that the lack of significant 

results in the zero-inflated Poisson was not due to model fit. Thus, this analysis suggests that 
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increasing the leading indicators, did not affect the number of zeros in the lagging indicators. It is 

possible that a significance cutoff of p<0.05 may have been too conservative since this study had 

a small sample size of just 47. A significance cut off of p<0.1 would have led to Model 1 being 

significant, however, the estimated effect size of model 1 of -0.032 is so small, that the reduction 

in NI is very little. An additional model was run with SI and TT jointly but is not considered one 

of the main models of these results as it did not give any additional significant results above 

Model 1 and 2 (see Appendix A). 

 

4.3 Impact of Leading Indicators on Number of First Aid Injuries 

Next, Model 3 and 4 as described in section 3.3.2 were run to determine the association 

of leading indicators (TT and SI) and NFA. Model 3 tested for a negative association between 

NFA and TT, for results are shown in Table 9. 

Table 9 

Model 3 Parameter Estimates From Zero-Model Regressing NFA on TT with Offset PL 

Parameter DF Estimate 

Standard 

Error 

Wald 95% 

Confidence Limits Pr > ChiSq 

Intercept 1 1.104 1.003 -0.861 3.070 0.271 

 

TT 1 -0.081 0.037 -0.153 -0.009 0.028 

 

 

Model 3 shows that TT is significantly associated with NFA zero counts, however the effect is 

very small; specifically, a unit increase in toolbox talks is associated with log-odds of NFA 

reducing by a multiplicative factor of 0.081 (CI = -0.153, -0.009; p=0.028). In other words, a unit 

increase in TT is associated with the odds of NFA going down by a multiplicative factor of 0.992 

(CI = 0.858, 0.991; p=0.028). Similarly, Model 4 tested for a negative association between NFA 

and SI, for which the results are given in Table 10. 
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Table 10 

Model 4 Parameter Estimates From Zero-Model Regressing NFA on SI with Offset PL 

Parameter DF Estimate 

Standard 

Error 

Wald 95% 

Confidence Limits Pr > ChiSq 

Intercept 1 1.650 1.049 -0.406 3.706 0.116 

 

SI 1 -0.076 0.029 -0.132 -0.019 0.009 

 

 

Model 4 shows that SI is significantly associated with NFA zero counts, however this effect is 

very small. A unit increase in SI is associated with log-odds of NFA reducing by a multiplicative 

factor of 0.076 (CI = -0.132, -0.019; p=0.009).  In other words, a unit increase in SI is associated 

with the odds of NFA going down by a multiplicative factor of 0.927 (CI=0.876, 0.981; 

p=0.009). The goodness of fit test was not significant for Model 3 (p>0.999) and Model 4 

(p>0.999) suggesting good model fit. Despite the significance of these models, they suggest that 

increasing leading indicators leads to very little change in the lagging indicators. An additional 

model was run with SI and TT jointly but did not give any additional significant results above 

Model 3 and 4 (see Appendix A). 

 The significance of Model 3 and 4 and insignificance of Model 1 and 2, may be due to 

the increase of occurrence in NFA compared to NI. The larger numbers of NFA led to increased 

power in the models which made it easier for the models to be statistically significant. In order 

words, there may be a relationship between NI and SI or TT, but a larger sample is required to 

see these results as NI occurred very infrequently. The frequency differences between NI and 

NFA can be seen in Figure 3 and 4. 

4.4 Resulting Implications of Model Development 

 This research included multiple Zero-Inflated Poisson models to test the associations of 

leading indicators and lagging indicators independently and jointly. The question remains, which 

model identifies the best leading indicator for use in accident prevention? NI (Model 1 and 2), 
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did not yield significant associations with TT and SI (independently). Thus, suggesting that TT 

and SI, when run independently, did not increase the odds of a project having zero first aid 

injuries. In contrast, NFA (Models 3 and 4) showed significant associations with TT and SI 

independently. 

When evaluating Model 3 and 4 to determine which model is best, both have very similar effects. 

With Model 3, TT is associated with NFA by a multiplicative factor of 0.922, while Model 4 and 

SI, and has a multiplicative factor of 0.927. The difference of 0.005 is very small and does not 

clearly identify that one model is better than the other. As a result, the decision for the best 

model goes beyond statistical associations and into the preventative measures themselves.  

Despite that both TT and SI meet statistically reduce NFA, site inspections would be the 

more practical preventative measure when it comes down to labour costs. Site inspections take 

1or 2 people approximately an hour and occur about 1 time per week. Assuming the average pay 

of $35 per hour per person, this would cost the company $70 per week or approximately $280 

per month. For $280 per month the company can reap the benefits of the increased number of 

zero first aid injuries. In comparison, toolbox talks require the attendance of all members on site. 

Toolbox Talks take 30 minutes, require all people on site to attend, and also occur on a weekly 

basis. If eight people ($35 per hour) were on site, the toolbox talk would cost approximately 

$35/2*8=$140 per week, or $560 per month. Additionally, when completing a site inspection, 

the six additional people would be necessary for the toolbox talk can continue working, 

increasing productivity. Since toolbox talks did not show any additional safety advantage, the 

contractor might as well go with the more economical option.  

It is worth noting, that labour costs are not the only item that can be used to determine 

which model is better. Another individual could take the exact issue, that less people are required 
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for site inspections as a basis of argument in favour of toolbox talks. It could be argued that 

toolbox talks ensure that all individuals are involved in safety on site, rather than just the 

superintendent and safety representative. While this is true, a site with a good working safety 

climate and safety system does not need toolbox talks for everyone to get involved. Workers 

should already be thoroughly trained in safety, and safety should regularly be a topic of 

conversation during work processes and meetings Furthermore, preventative measures, such as 

guardrail installations or hazard identification, would be completed by many different people 

over the course of a project. As a result, whether or not the toolbox talks occur, all workers on 

site would be involved in safety. 

Despite, the recommendation towards site inspections, either would work. The best 

leading indicator is the one that the company can commit to, so the decision should be based on 

the individual needs of the company. 
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Chapter 5: Discussion 

 The goal of this research was to examine the relationship between leading and lagging 

indicators while using company administrative data. This study can lead to two conclusions. 

First, that finding quality research data can be very difficult when using company administrative 

data, and second, that with the data available, there seemed to be very little or no relationship 

between leading and lagging indicators. These two conclusions will be further examined in the 

discussion below. 

5.1 Limitations of Administrative Data 

As explained in the introduction (Chapter 1), there is much administrative data available 

to researchers of construction. Yet, although there is much available, there is still the question as 

to whether the data available is of good enough quality to be used in research. For example, this 

study identified eight possible safety indicators, see section 3.2.1. Out of these indicators, only 

four were considered to be of high enough quality to be used in this study based on the criteria 

selected. This small number of quality indicators alone emphasizes the fact that not all 

administrative data is of research quality. Despite having used the best quality indicators 

available, it is important to question whether there were errors in the data collected that led to the 

null findings. The following section identifies issues related to data quality. First section 5.1.1 

shows that data quality is an issue across many studies, largely due to the fact that there is no 

standard way of assessing data quality. Second section 5.1.2 identifies potential quality errors in 

the dataset used for this study.  

5.1.1 Data Quality Assessment 

 Ultimately, in order to assess data for quality, there needs to be an understanding of what 

good quality data is. Over the past number of years, many researchers have been working to 

develop an understanding, yet there has been very little consistency. Part of the inconsistency is 
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because data is unique to its associated research question and purpose. As a result, data quality 

assessment tools are often based on a specific set of data, rather than providing assessment tools 

that can be used in many research fields. Currently, there is no specific research tool for safety. 

However, to develop a tool for safety data, researchers should examine the tools available in 

similar fields. Three of these available tools are: 

1. Canadian Institute for Health Information. The CIHI Data Quality Framework 

2. World Health Organization. The Immunization Data Quality Self-assessment (DQS) 

Tool;  

3. MEASURE Evaluation. PRISM: Performance of Routine Information System 

Management Tool 

All of these tools vary in their purpose and their components. First, the CIHI Data Quality 

Framework was developed by the Canadian Institute for Health Information in order to foster 

data quality in the Canadian health research system. The tool consists of five major measures. 

The major measures are accuracy, timeliness, comparability, usability and relevance. These 

measures are evaluated using a questionnaire that provides a quantitative tally at the end. The 

participant is asked to rate the performance of their data based on 61 criteria (Canadian Institute 

for Health Information, 2009). As this survey is done internally, it is more prone to bias. 

Additionally, due to the broad nature of the survey, not all questions will be as relevant to all 

research. Second, the World Health Organization’s Immunization Data Quality Self-Assessment 

Tool was developed to ensure that the data used to manage child immunizations was of quality to 

create a reliable reporting system. The tool has four major measures: completeness of reporting, 

report availability, timeliness of reporting, and a verification factor. This self-assessment is 

completed by a combination of Ministry of Health workers and an external auditor from the 
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World Health Organization. The data is evaluated quantitatively (World Health Organization, 

2003). This tool is an example that was developed for a very specific purpose, to ensure the 

quality of WHO immunization data. The final tool developed by MEASURE evaluation Inc. is 

the PRISM: Performance of Routine Information System Management Tool. This tool was 

developed for organizations in health to ensure that their data is of quality in order to be best 

used for internal management decisions and research. This tool uses four major attributes: 

relevance, completeness, timeliness, accuracy and is completed internally by using a 

questionnaire (Measure Evaluation, 2011). As the assessment is completed internally it is prone 

to bias. Still, this tool provides an example of a quality assessment that is relevant not just to 

researchers but also to business management. As shown by the examples by Chen, Yu, et al 

(2014), as well as the differences between the three examples of quality assessment tools, 

different data quality tools vary. Despite these inconsistencies, there are some major attributes 

that are prevalent among these data quality tools (see Table 11). 

Table 11 

Example Attributes of Data Quality. Adapted from Chen, Hailey, Wang & Yu, 2014 

Item Attribute 

High Quality 

Data 

 

 

Completeness, accuracy, timeliness, validity, reliability, data 

security, comparability, internal consistency, repeatability, 

transparency, collection method 

Poor Quality 

Data 

Missing data, underreporting, errors, illegible data, inappropriate 

fields 

 

 

As shown in Table 11, there are many different common attributes that can be used to assess the 

quality of data. Additionally, there are many other attributes used to assess quality of data not 

included in this table such as reporting procedures and expectations. Ultimately, these attributes 
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need to be determined based on the purpose of the study and the data itself. As shown by the 

CIHI, some data quality assessment tools have been developed for generic use, yet, due to the 

generic nature, some attributes are not as relevant to safety as others. Safety research would 

benefit from the development of a data quality assessment tool that can be relevant to the data 

quality measures needed both for researchers and management. Then researchers could 

confidently evaluate, use, and improve safety administrative data sets that are easily available 

due to the reporting nature of legislations. Similarly, management can make well informed 

decisions using the information the company has already compiled. 

5.1.2 Potential Quality Errors in the Dataset 

 Beyond data quality, data needs to be evaluated for its appropriateness and its ability to 

form conclusions within the study itself. For instance, this study is limited by its use of counts 

rather than scales for data. For example, toolbox talks were only counted, not evaluated for 

attendance, effectiveness, or relevance. A conclusion more related to the expectation of leading 

and lagging indicators, may have been found if the study examined the relationship between 

toolbox talk number and quality, and the effect on injury rates. This study found no or very little 

relationship between the leading and lagging indicators measured in this study. However, if this 

study measured the indicators differently, it may have led to different results. 

 Second, this study may have been influenced by the self-reporting nature of construction 

safety. Legislation requires that companies self-document their safety procedures and outcomes. 

Construction safety reports at MB are completed by either the superintendent or site safety 

representative. In some cases, another worker or manager may complete documentation, but a 

knowledgeable person, such as a safety representative or superintendent, is available for help. 

With the self-reporting nature of safety reporting, it is possible that some of the differences in 
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safety performance on sites were caused by the varying reporting styles of individuals. In order 

to minimize this effect in future research, regular check-ins should be completed with the 

reporting individuals to ensure that the reporting is equal across the projects. For example, all the 

individuals could complete a site inspection together, to test the differences in site inspection 

results in hopes to increase consistency between the reporters. Another method would be to 

change study design from retrospective to prospective. The retrospective nature of this study 

meant the researcher was unable to be involved in reporting. A prospective study can allow the 

researcher to develop consistent reporting procedures that allow for better quality data. 

 These limitations are important to note because the conclusion of this research – the 

relationship between leading and lagging indicators being unsignificant or of very small effect 

size – may be incorrect compared to the widely held assumption. This assumption is that high 

levels of leading (preventative) indicators should lead to low levels in lagging (accident) 

indicators. 

5.2 The not so Leading and Lagging Indicators 

Despite that section 5.1 detailed the how limitations of the administrative data could lead 

to error in this study. This section details, what, besides error, could cause the leading indicators 

to show very little effect on accident prevention. This section provides a review of previous 

research on leading and lagging indicators at the project level then outlines two theories. Theory 

1 (explained in section 5.2.2) suggests that not all accidents are preventable. Theory 2 (explained 

in section 5.2.3) is about Geoffrey Rose’ Theory of Prevention and the impact of the research 

population on results.  

5.2.1 Review of Leading and Lagging Safety Indicators on Project Level Studies 

This study found that there was no relationship between Number of medical Injuries and 

either Safety Talks or Site Inspections. There was a significant relationship between Number of 
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First Aid Injuries and both Safety Talks and Site Inspections, but the relationships were very 

small in size. As explained earlier, the nature of leading and lagging indicators suggests that as 

leading indicators increase, lagging indicators decrease. This means that this study should have 

found significant relationships, with negative estimates, for all four analysis models. Yet, as 

shown in the earlier literature review (see Chapter 2), the lack of expected outcome is not 

uncommon among leading and lagging indicator studies at a project level. 

Lingard et al (2017) researched leading indicators and found that leading and lagging 

indicators did not match the predicted behaviors of what would be expected based on their 

definition. In fact, they found that leading indicators did not necessarily lead, and that, at times, 

lagging indicators took on a leading role. For example, when safety talk frequency increased in 

the studied project this change led to a short term decrease in total recordable injury rates. In the 

long term, the decrease in total recordable injury rates led to a decrease in safety talk frequency. 

These authors determined that the relationship between leading and lagging indicators was much 

more complex than suggested by the terminology and that the use of leading and lagging 

terminology does not accurately depict the complexity of these indicators (Lingard et al., 2017). 

The issue with the nature of leading indicators is also mentioned by Lingard et al (2011), where 

they indicate that the relationship between leading indicators is unknown and very 

underdeveloped. 

A second study, by Rajendran (2013) found similar complexity in the results. 

Specifically, 12 correlations were analyzed, but only 4 of the 12 tested correlations between 

leading and lagging indicators led to significant results. Again, if the definitions of leading and 

lagging indicators are true, all twelve of the correlations tested in this study should have led to 

high variance explained, a negative t value, and significant predictive ability of the leading 
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indicator on the lagging indicator. Both the two studies explained above, this research study, and 

additional research indicated in the scoping review demonstrate a trend in the research that 

leading indicators are either not working as designed, or not appropriately defined and measured 

at a project level.  

5.2.2 Are All Accidents Preventable 

The idea of leading and lagging indicators relies on the concept that accidents are 

preventable. To date, very little research has been done to determine if all accidents are 

preventable (vanBeeck, 2001), but it is regularly debated by safety professionals (Davidson, 

2015; van Beeck, 2001, Wilson, 2005). What is unanimously agreed by safety professionals is 

that most accidents are preventable. Yet, are there some accidents, that despite preventative 

measures, will occur anyway? Those that believe that all accidents cannot be prevented use many 

arguments. One of the most common is that there is randomness to the world that cannot be 

predicted. Prevention relies on the idea, that the accidents are predicted in advance, and then 

prevented accordingly. This argument argues that there are some phenomena in the world that 

are too random to be predicted (Davidson, 2015). A second common argument is that you cannot 

completely control for human error. This revolves around the idea that prevention measures often 

require people to perform to a certain measure. Still, prevention cannot account for all human 

error, such as a quick lapse of judgment (Wilson, 2005). One final argument is that our 

preventative measures do not always prevent injury. A good example is fall protection. If a 

worker is caught by a fall protection harness during a fall, they may still be injured (ELCOSH, 

2003). Therefore, despite the correct use of a preventative measure, an injury may still happen.  

Although whether or not all accidents are preventable is not largely researched in safety, 

it is a part of safety theory, in particular accident prevention. In 1931, W.H. Heinrich developed 

one of the original theories of accident prevention, the domino theory. The domino theory 
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suggests that there is a five-step accident sequence that leads to accidents. This sequence is social 

environment, worker fault, unsafe act with a mechanical or physical hazard, accident, and 

damage or injury. The idea of this sequence is that if you remove one of the steps of the 

sequence, or domino, the accident will not occur (Raouf, 2011). This theory is now used in 

research as a framework to view accident causation (Chi & Han, 2013). Under the domino theory 

Heinrich proposes that 88% of all accidents are due to unsafe acts of people, 10% due to unsafe 

acts not from people, and 2% due to ‘acts of god.’ This theory identifies the term ‘acts of god’ 

which refers to accidents that are of pure chance and no intervention could prevent them. Even 

though Heinrichs theory is still commonly used, it is having often been critiqued for simplifying 

human behaviour. This critique led to the creation of new theories, such as the management-

based theories.  

Management-based theories argue that the cause of accidents are due to management, not 

the workers, as Heinrich proposed. In order to create management theories, many researchers 

adapted the domino model to include management. In 1974, Bird and Loftus updated the model 

sequence to the following: lack of management control, basic causes (origins), immediate causes 

(symptoms), incident (contact), and people-property loss. By the time of Bird and Loftus, the 2% 

due to ‘acts of god’ was already being removed as a part of safety research. This removal was 

not due to the fact that the ‘acts of god’ did not occur, but rather because they are not preventable 

(Hosseinian, & Torghabeh, 2012). Research instead focused on accidents that were preventable. 

As a result, even more recent models focused on tracking root causes of accidents, human error, 

and developing safety prevention measures, not ‘acts of god’. Furthermore, research is focused 

on increasing the understanding of management and worker responsibility for safety. Over time, 

the idea of ‘acts of god’ has become rarely mentioned in safety, yet, it is still relevant today.  
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The sample used in this study, MB, has an excellent safety record, as proven by the IHSA 

COR certification (see section 1.1.2 for more information). Therefore, one can assume that most 

accidents are being prevented through the many measures used on their sites. What is still being 

debated where there is a baseline of unpreventable accidents. If so, are the few accidents that are 

being recorded by MB ‘acts of god’, and therefore, immune to preventative measures? 

It is safe to say that this concept is complex and in desperate need of further research. 

Still, it does emphasize the fact that research into safety is very complicated, and there are many 

reasons why the outcome of this study may have occurred. 

5.2.3 Geoffrey Rose Theory of Prevention 

 With multiple studies suggesting that leading and lagging indicators are not leading to the 

expected relationships, I suggest that these results can be explained using Geoffrey Rose’s theory 

of prevention.  In 1985, Geoffrey Rose, authored an article “Sick individuals and sick 

population.” This article outlined his theory that research on a population level does not 

adequately provide insight into the individual level (Rose, 2001). Individuals and populations are 

fundamentally different, and thus, need to both be studied as conclusions made on one level, may 

not be correct on the other (Doyle, Furey, Flowers, 2006). This theory emphasizes the issues 

related to a study’s chosen population, and the context of the study (Zieliński, 2014). In 

construction terms, this theory suggests that large industry level (population level) construction 

safety studies may not be correctly identifying relationships on a company level (individual 

level).  

 When it comes to leading and lagging indicators there are two explanations when 

considering the Theory of Prevention. First, preventative measures that work on a population 

level (industry), may not work on an individual level (company). Leading and lagging indicators 

have largely been studied on a large population (industry) level. Yet, per the Theory of 
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Prevention, it is possible that leading indicators are not preventative on an individual (company) 

level. While this may seem like a technicality, it is of great importance due to the safety 

promotions strategies currently being used in construction. Construction companies are often 

instructed by government, researchers and suppliers that by increasing their safety prevention, 

they will decrease their negative safety outcomes. Safety promotion is based on large population 

level (industry) outcomes. As a result, those who take part in safety promotion may fail to 

understand the effect of safety prevention on a company (individual) level. Therefore, companies 

may be receiving information that is not relevant for them. This inconsistency may lead to 

confusion of company management when they do not experience the outcomes they expect in 

their own company and decrease the industries trust in safety research and legislation. 

The second explanation for the results of this study, as per the Theory of Prevention, may 

be that a way for measuring the prevention may not be yet developed on an individual level. This 

study used metrics that were created for an industry level to test for the prevention in one 

company. The lack of results may be because the methods developed at a population level 

(industry), are not appropriate for identifying prevention on an individual level (company). As a 

result, it is possible that methods regarding leading and lagging indicators need to be developed 

for studying the prevention effect on an individual level. Furthermore, population level studies 

allow for data sets with a lot of variability. For example, a study of the construction industry will 

include companies with very bad safety outcomes and very good safety outcomes. MB has very 

good safety performance, with very little variability between projects. It is possible that the 

population level methods are not appropriate for individual level studies that have less 

variability. 
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 When examining the results of this study under the lens of the Theory of Prevention, it is 

possible that either the preventative effect is not there, or that the study methods could not 

identify it. Either way, this section highlights the importance of further research to investigate 

these two possible theories to best understand what prevention looks like on a company level. In 

order for research and legislation to have a lasting, positive effect on companies, it needs to be 

explainable when using company data. This leads the safety promotion strategies to be less 

abstract, and more relevant to decision makers. 

5.3 Recommendations for MB and Further Research 

 This study was the first time that MB had provided data for research. Previously MB had 

used other sources of data for use in project management and accounting such as cost flow 

analysis, yet very little had been done using the safety information available. With the 

completion of this study it provides a chance to reevaluate the use of safety data for research and 

within their own occupational health and safety management system. Overall, MB should 

continue using their safety data to evaluate trends within their company, but in order for the data 

to become more useful, both for research and company decision making, reporting procedures 

should be put in place to improve data quality. 

 As mentioned in Chapter 1, construction companies have large amounts of administrative 

data available. This administrative data is created as the company works to meet the legislative 

requirements as laid out in the OHSA (1990) and Construction Projects (1991). Due to these 

government legislations, companies will document many safety measures including site 

inspections, injuries, training completion, training programs, as well as human resources 

measures such as number of employees. When evaluating MB’s documentation from a 

legislative lens, MB clearly meets the requirements. All measures are clearly documented and 
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organized in order to ensure that the company meets ‘due diligence’. In short, the documentation 

serves its intended purpose. Yet, this study asked the question, what if the documentation can be 

used for more? Can this documentation be used to inform management and promote research 

instead of just providing a legal paper trail? Ideally, if MB will continue to use their safety 

documentation to further research or to inform management, steps must be taken to improve the 

data. As a result of this study, this section discusses the following changes to improve their 

safety reporting measures: collecting a safety climate indicator, conducting bi-annual meetings 

with safety reporting personnel, improving documentation of subcontractor safety performance, 

and reorganizing MB’s administrative data. 

 In order to improve the usability of MB’s safety indicators, MB should consider 

collecting a safety climate or safety attitudes indicator. As shown in the literature review at 

section 2.2.1, safety climate or safety attitudes was the second most popular indicator found 

through the literature review. Safety climate is an individual’s perceptions of safety at the 

workplace. A large subset of safety climate is based on workers’ perceptions of management’s 

commitment to safety (Griffin & Neal, 2000). The idea is that companies with high perceived 

safety climate have better safety outcomes. Within the context of this study, if MB had safety 

climate data available from each individual, this data could then be used with the labour 

schedules to develop a safety climate value for each construction project. With safety climate 

measures for each project, safety climate could be included either as a covariate in model 

analysis, or as a leading indicator (hypothesis variable) in analysis. Unfortunately, in order to 

combine labour schedules and safety climate reporting, it requires an individual, or individuals to 

know which workers provided which safety climate scores. This leaves the workers without 

complete confidentiality of their scores. Alternatively, MB can use safety climate scores for the 
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whole company, with each worker remaining anonymous. This allows for MB’s safety 

practitioners to use safety climate to determine weaknesses in the company’s climate and 

leadership in order to allow for better informed prevention in the future without compromising 

the confidentiality of the workers. Since MB has over 200 employees, each individual’s safety 

climate score would be lost in the masses. This alternative provides increased confidentiality, but 

will not work to determine individual project scores, but rather the company’s score as a whole. 

Currently, many types of surveys are available that could be used by MB to determine safety 

climate. The CPWR, or Centre for Construction and Research Training, reviewed many different 

safety climate tools available for construction companies (CPWR, 2014). After evaluation, they 

developed their own tool, the SCAT, or Safety Climate and Assessment Tool (CPWR, 2017). 

This tool is created for management to strengthen their safety performance by developing an 

understanding of the strengths and weaknesses of their safety climate. It consists of 8 sections as 

shown below: 

1. Demonstrating management commitment 

2. Aligning and integrating safety as a value 

3. Ensuring accountability at all levels 

4. Improving supervisory leadership 

5. Empowering and involving employees 

6. Improving Communication 

7. Training at all levels 

8. Encouraging owner/client involvement 

These eight sections are also available in Microsoft Word form so that the company can 

customize the survey based on the needs. This is necessary for MB, as MB would have to adjust 
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some of the questions to match Canadian legislation rather than the American which is standard 

for the SCAT. While this survey is comprehensive and thoroughly researched, at 12 pages long it 

is very long to have all workers complete on a regular basis, for example annually (CPWR, 

2017). The CPWR recommends having this survey completed by some people at the company, 

not necessarily all. Yet, if a company wants to track safety climate across projects, it is better if 

all complete it. Since, all workers would need to complete it, it would be best if the CPWR 

developed a shorter version of the SCAT in order to decrease the time and labour burden on the 

company. Alternatively, MB could collect this using a small sample, but this sample could only 

be used for overall company safety climate, not project safety climate. With collection of a safety 

climate measure MB will be able to inform management decision making, include a safety 

indicator that is relevant in current research, and account for a potential covariate in data 

analysis. 

 The second recommendation for MB is for safety practitioners to schedule peer reviews 

with individuals who complete safety reporting in order to increase reporting consistency across 

projects. These peer reviews would involve different reporting personnel who evaluate the same 

project and compare the results in order to determine inconsistencies between their reporting. 

When evaluating indicators for inclusion into this project in section 3.2.1, two indicators were 

not included due to a lack of consistent reporting: near misses and subcontractor notice of 

offense. Additionally, one included indicator, number of first aid injuries, likely also suffers from 

underreporting as workers may prefer not to report very minor first aid incidents that can be 

easily treated. If MB reporting personnel completed peer reviews, more consistent reporting of 

these indicators could be developed, leading to more frequent use. Furthermore, increased 

consistency across safety indicators such as site inspections, allows the indicators to not be used 
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not only as counts but as scaled. These scaled could be used by MB to better gauge the 

prevention needs of a project. Finally, adding peer reviews also helps MB meet one of the 

requirements of the OHSA, ongoing safety training (1990). 

 The third recommendation for MB would be to improve documentation of subcontractor 

safety performance. As explained in section 1.1.1, a general contractor is involved in project 

management and scheduling. MB employs site superintendents, carpenters and labourers. 

Besides MB’s employees, subcontractors complete specialty contracts, such as mechanical fit 

out, painting or glass installation. At any time the number of people on site that are employees of 

the general contractor will likely be the minority of the total number of people on site. General 

contractors are fully responsible for the safety of their employees but share responsibility of 

subcontractor safety with the subcontractors’ management (Construction Project, 1991). General 

contractors have overarching responsibility of the subcontractors when the subcontractors are on 

the general contractor’s site. Thus, an important way to control safety performance onsite is to 

stay informed of the safety performance of the subcontractors. MB currently does keep some 

track of subcontractor safety performance including ongoing discussions and subcontractor 

notice of offenses. Yet, this could be improved. Rather than discussing poor performance of the 

subcontractors or issuing offenses, it would be worth providing a safety grade or evaluation of all 

subcontractors. Through these evaluations, individuals involved in hiring of subcontractors can 

more easily hire based on the subcontractor’s safety performance. Additionally, site 

superintendents and project managers can read past reports and be aware of potential safety 

needs from past projects. This evaluation of subcontractors could also help MB with further 

research as it provides another indicator that can be used in analysis.  
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 The final recommendation for MB is related to its reporting procedures. As a result of the 

many legislative and technology changes, tracking safety performance over time is difficult. 

Many of the reports have different sections over time and are stored in different mediums. In 

order for a safety practitioner and MB decision makers to make the most of the administrative 

data they have, a better system needs to be available to measure trends over time. Better access 

can make administrative data not just a legislative paper trail but valued information to promote 

safety and decision making in the company. 

 This section discussed the following changes to improve MB’s safety reporting measures: 

collecting a safety climate indicator, conducting peer reviews with safety reporting personnel, 

improving documentation of subcontractor safety performance, and re-organizing MB’s 

administrative data. While all the suggestions will help research and safety performance, it is 

worth noting that they can be time consuming and expensive. As MB is already meeting their 

legislative requirements and COR certification, they do not have any additional requirement to 

take part in these actions. Thus, these suggestions may not be feasible when taking into account 

other aspects of construction such as labour needs and project scheduling. The construction 

industry is very complex with every decision effecting the outcome of many different companies, 

departments and projects. Still, it should be noted, that these recommendations are based on data 

collected up to 2016. MB has made many improvements to their safety system in the last two 

years that may change the effectiveness of their documentation in the future. 

5.4 Re-evaluation of Hypothesis 

 This thesis began by asking whether construction projects with higher values for leading 

indicators experience fewer adverse events and lower values of lagging indicators because of the 

projects’ preventative measures. The assumption was that if the relationship between leading and 
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lagging indicators could be seen in this case study, it would support current research and safety 

promotion. Yet, if the relationship between leading and lagging indicators could not be seen 

through company data, the results would be counterintuitive to the preventative measures 

promoted by researchers, safety professionals, and legislators. This study found that the 

relationship between leading and lagging indicators when studied through one company’s data 

was either not there or a minimal prevention effect. While the results of one company’s data 

cannot disprove past research, this research does show the difficulties of investigating safety 

prevention from a company perspective. 

 One major struggle for safety professionals has been to get companies to take part in 

safety prevention. Companies will often say that they do not have time, it costs too much, it will 

not work, or they are not interested. This study shows that part of the difficult of safety 

promotion, may lie in the fact that companies cannot see the positive effect of injury prevention 

in their workplace. This may be because the metrics that we use to evaluate safety prevention are 

not effectively showing the strengths of safety prevention when measured within a company. If 

companies could easily see the benefits of their safety prevention based on their administrative 

data, it would be much easier to promote safety prevention. Future research should work to 

improve the indicators that form the basis of safety promotion, so that safety can become more 

relevant to the companies that the promotion is designed for.  
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Chapter 6: Conclusion 

 The goal of this study was to determine if the relationship between leading and lagging 

safety indicators that is seen on an industry level, could also be seen on a company level. This 

study found that there was either no found relationship, or relationships with very small effect 

sizes. Throughout the discussions many future implications for research were identified, 

including a need for a comprehensive data assessment tool for administrative data, discussion 

among researchers as to whether all injuries are preventable, and implementation of the Geoffrey 

Rose Theory of Prevention into safety research. Potential improvements to MB’s safety system 

were discussed, yet the difficulties of introducing these safety measures were also mentioned. In 

summary, despite that leading and lagging indicators rest on a simple assumption, a negative 

association, it is not simple to successfully incorporate them into company data. Thus, much 

research is needed for safety indicators to best serve companies, legislators and researchers. 

  



58 
 

References 

Arksey, H., & O'Malley, L. (2007). Scoping studies: towards a methodologic framework. 

International Journal of Social Research Methodology, 8(1), 19-32. 

Association of Workers' Compensation Boards of Canada. (2015). 2015 Injury Statistics Across 

Canada. Toronto: AWCBC. 

Avery, J. (1995). Accident prevention—injury control—injury prevention or whatever? Injury 

Prevention, 1(1), 10-11. 

Canadian Centre for Occupational Health and Safety. (2018). OSH Answers Fact Sheets: 

Incident Investigation. Retrieved from wwww.ccohs.ca 

Canadian Institute for Health Information. (2009). The CIHI Data Quality Framework. Retrieved 

from www.cihi.ca 

Chen, H., Hailey, D., Wang, N., & Yu, P. (2014). A review of data quality assessment methods 

for public health information systems. International Journal of Environmental Research 

and Public Health, 2014(11), 5170-5207. 

Chen, H., Yu, P., Hailey, D., & Wang, N. (2014). Methods for assessing the quality of data in 

public health information systems: a critical review. Studies in Health Technology and 

Informatics, 204, 13-18. 

Chi, S., & Han, S. (2013). Analyses of systems theory for construction accident prevention with 

specific reference to OSHA accident reports. International Journal of Project 

Management, 31(7), 1027-1041. 

Construction Lien Act. (1990). RSO 1990 C.30 



59 
 

Construction Projects. (1991). O Reg 213/91. 

Construction Sector Council. (2005). Working mobile: a study of labour mobility in Canada’s 

industrial construction sector. Ottawa, Ontario: Construction Sector Council. 

CPWR. (2014). Safety culture and climate in construction: bridging the gap between research 

and practice. Retrieved from www.cpwr.com 

CPWR. (2017). Safety culture. Strengthening jobsite safety climate by using and improving 

leading indicators. Retrieved from www.cpwr.com 

Davidson, A. (2015). Why every accident is preventable. Industrial Safety & Hygiene News. 

Retrieved from www.ishn.com 

DistillerSR, Ottawa, ON 

Doyle, Y., Furey, A., & Flowers, J. (2006). Sick individuals and sick populations: 20 years later. 

Journal of Epidemiology & Community Health, 2006(60), 396-398. 

ELCOSH (2003). Will your safety harnness kill you? Electronic Library of Construction 

Occupational Safety and Health. Retrieved from www.elcosh.org 

Government of Canada. (2018). Summary – Canadian Industry Statistics – Construction – 23. 

Retrieved from www.ic.gc.ca 

Government of Ontario. (2018). Workplace inspection blitzes and initiatives. Retrieved from 

www.ontario.ca 



60 
 

Griffin, M., & Neal, A. (2000). Perceptions of safety at work: a framework for linking safety 

climate to safety performance, knowledge, and motivation. Journal of Occupational 

Health Psychology, 5(3), 347-358. 

Grosse, S., Boulet, S., Amendah, D., & Oyeku, S. (2010). Administrative data sets and health 

services research on hemoglobinopathies. American Journal of Preventive Medicine, 

38(4S), 557-567. 

Guo, B., & Yiu, T. (2015). Developing leading indicators to monitor the safety conditions of 

construction projects. Journal of Management in Engineering, 32(1), 1-14. 

Hashimoto, R., Brodt, E., Skelly, A., & Dettori, J. (2014). Administrative database studies: 

goldmine or goose chase. Evidence-Based Spine-Care Journal, 5(2), 74-76. 

Hinze, J., Thurman, S., & Wehle, A. (2013). Leading indicators of construction safety 

performance. Safety Science, 51(1), 23-28.  

Hosseinian, S., & Torghabeh, Z. (2012). Major theories of construction accident causation 

models: a literature review. International Journal of Advances in Engineering & 

Technology, 4(2), 53-66. 

Huang, Y., Ho, H., Smith, G., & Chen, P. (2006). Safety climate and self-reported injury: 

Assessing the mediating role of employee safety control. Accident Analysis and 

Prevention, 38(2006), 425-433. 

IHSA. (n.d.). IHSA – Certificate of Recognition. Retrieved from www.ihsa.ca 

Levy, S. (2006). Project management in construction (5th ed.). United States: McGraw Hill 

Companies 



61 
 

Lingard, H., Wakefield, R., & Cashin, P. (2011). The development and testing of a hierarchical 

measure of project OHS performance. Engineering, Construction and Architectural 

Management, 18(1), 30-49.  

Lingard, H., Hallowell, M., Salas, R., & Pirzadeh, P. (2017). Leading or lagging? Temporal 

analysis of safety indicators on a large infrastructure construction project. Safety Science, 

91(2017), 206-220. 

Manuale, F. (2009). Leading & lagging indicators. Professional Safety, 54(12), 28-33. 

Measure Evaluation. (2011). Performance of Routine Information Systems Management 

(PRISM) Tools. Retrieved from www.measureevaluation.org 

Ministry of Labour. (2016). Workplace Injury and Fatality Trends in Ontario. Retrieved from 

www.labour.gov.on.ca 

Ng, K., Laurlund, A., Howell, G., & Lancos, G. (2010). An experiment with Leading Indicators 

for Safety. Proceedings Annual International Group for Lean Construction Conference, 

253-262. 

Ng, K., Laurlund, A., Howell, G., & Lancos, G. (2012). Lean safety: Using leading indicators of 

safety incidents to improve construction safety. Proceedings for the 20th Annual 

Conference of the International Group for Lean Construction: are We Near a Tipping 

Point, 173-184.  

Niu, M., Leicht R., & Rowlinson, S. (2017). Developing safety climate indicators in a 

construction working environment. Practice Periodical on Structural Design and 

Construction, 22(4), 1-7. 



62 
 

Ontario Health and Safety Act (1990). RSO. 1990 

Pransky, G., Snyder, T., Dembe, A. & Himmelstein, J. (1999). Under-reporting of work-related 

disorders in the workplace: a case study and review of the literature. Ergonomics, 42(1), 

171-182. 

Rajendran, S. (2013). Enhancing construction worker safety performance using leading 

indicators. Practice Periodical on Structural Design and Construction, 18(1), 45-51. 

Raouf, A. (2011). Theory of accident causes. Retrieved from iloencyclopedia.org 

Rose, G. (2001). Sick individuals and sick populations. International Journal of Epidemiology, 

2001(30), 427-432. 

Schwatka, N. V., Hecker, S., & Goldenhar, L. M. (2016). Defining and measuring safety climate: 

a review of the construction industry literature. Annals of Occupational Hygiene, 60(5), 

537-550. 

Smith, G., Huang, Y., Ho, M., Chen, P. (2006). The relationship between safety climate and 

injury rates across industries: the need to adjust for injury hazards. Accident Analysis and 

Prevention, 38(2006), 556-562. 

Sparer, E., Herrick, R., & Dennerlein, J. (2015). Development of a safety communication and 

recognition program for construction. A Journal of Environment and Occupational 

Health Policy, 25(1), 42-48. 

Sparer, E., Murphy, L, Taylor, K., & Dennerlein, J. (2013). Correlation between safety climate 

and contractor safety assessment programs in construction. American Journal of 

Industrial Medicine, 56(12), 1463-1472. 



63 
 

Standard Industrial Classification. (2018). SIC Code 15-17 Construction. Retrieved from 

www.siccode.com 

Statistics Canada. (2017a). Employment by major industry group, seasonally adjusted, by 

province (monthly) (Ontario). Retrieved from www.statcan.gc.ca  

Statistics Canada. (2017b). Use of administrative data. Retrieved from www.statcan.gc.ca 

Statistics Canada. (2018). Gross domestic product at basic prices, construction and 

manufacturing industries. Retrieved from www.statcan.gc.ca 

Tal, B. (2015). Higher levels of profit margins are here to stay. In Focus. Retrieved from 

research.cibcwm.com 

Toellner, J. (2001). Improving safety & health performance: identifying & measuring leading 

indicators. Professional Safety, 46(9), 42-47. 

Van Beeck, E. (2001). Which accidents are preventable and which are not? BMJ, 2001(322), 

1320. 

Wilson, L. (2005). All injuries cannot be prevented. Occupational Health and Safety. Retrieved 

from www.ohsonline.com 

Workplace Safety and Insurance Act. (1997). S.O. 1997, c.16. 

World Health Organization. (2003). The immunization data quality audit (DQA) procedure. 

Retrieved from www.apps.who.int 

Zieliński, A. (2014). Sick people and sick populations – legacy of Geoffrey Rose. Przeglad 

Epidemiology, 63(3), 577-581. 



64 
 

Zohar, D. (2002). The effects of leadership dimension, safety climate, and assigned priorities on 

minor injuries in work groups. Journal of Organizational Behavior, 23(1), 75-92. 

Zohar, D. (2010). Thirty years of safety climate research: Reflections and future directions. 

Accident Analysis & Prevention, 42(5), 1517-1522. 

  



65 
 

Appendix A: Joint SI and TT Zero-Inflated Poisson Models  

Two models were run on NI and NFA, with SI and TT1– jointly included in the model. 

As the models did not lead to significant results, they were not included in the results section but 

are available below. Table 12 shows a model where a negative association between NI and SI 

and TT jointly was tested. Table 12 suggests that SI and TT are not significantly associated with 

NI when run jointly in the model. This model implies that a unit increase in SI is associated (not 

significantly) with a decrease in NI by a rate of 0.005 and NI is further decreased by a unit 

increase in TT by a rate of 0.028. Both SI and TT estimated effect size decreased when they were 

run jointly compared too independently (see Table 7 and 8). This change suggests SI and TT are 

competing with each other, rather than being complementary to each other. 

Table 12 

Parameter Estimates From Zero-Model Regressing NI on SI and TT with Offset PL  

Parameter DF Estimate 

Standard 

Error 

Wald 95% 

Confidence Limits Pr > ChiSq 

Intercept 

 

1 0.364 1.038 -1.670 2.398 0.726 

SI 

 

1 -0.005 0.042 -0.088 0.078 0.910 

TT 

 

1 -0.028 0.043 -0.111 0.056 0.512 

 

Similarly, Table 13 suggests that SI and TT are not significantly associated with NFA 

when tested jointly. This model implies that a unit increase in SI is associated (not significantly) 

with a decrease in NFA by a rate of 0.123 and NFA is increased by a rate of 0.048 by TT. When 

run independently, both SI and TT had significant and negative effects on NFA, but when run 

jointly, they lost their significance, and TT went in the opposite direction. These results further 

suggest that when run jointly, TT and SI are competing with each other, rather than 

                                                           
1 For acronym definitions see Table 4 on page 29 
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complementing each other. These results seem to suggest that SI and TT are not effective in a 

safety program together but this implication is unlikely.  

Table 13 

Parameter Estimates From Zero-Model Regressing NFA on SI and TT with Offset PL  

Parameter DF Estimate 

Standard 

Error 

Wald 95% 

Confidence Limits Pr > ChiSq 

Intercept 

 

1 1.790 1.103 -0.371 3.952 0.105 

SI 

 

1 -0.123 0.055 -0.230 -0.016 0.025 

TT 

 

1 0.048 0.043 -0.035 0.132 0.259 

 

Typically, the more safety programs that a company takes part in, the better their 

prevention. These results do not support that concept, yet they may be due to error. Two 

potential causes of this error are sample size, or measurement techniques. First, having a low 

sample size leads to a lack of statistical power. The sample size of this study was just 47 projects. 

Second, these results could be due to measuring technique. This study used counts as the 

measurement technique, but the counts do not measure the quality of the site inspection or 

toolbox talks. It is possible that if quality was accounted for, these results would not have 

happened. Despite the potential errors, this research does raise the question as to whether adding 

more safety programs leads to better safety results or can lead to a loss of impact of other 

programs. 


