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ABSTRACT 

   

Introduction:   The construction industry has the highest burden of occupational 

fatalities in the United States of all industries and Hispanic workers are 

disproportionately affected.  Methods: Perceived safety climate surveys (n=179) 

were administered in Athens, Georgia (GA), at local construction sites and home 

improvement stores and data were abstracted from 3,093 death certificates 

maintained by the Consulate General of Mexico in Atlanta Georgia.  Results:  Of 

the 179 individuals who were surveyed, 51 (28%) had a work limiting injury in the 

previous 3 years and 58 (32%) were Hispanic.  The majority of individuals were 

carpenters or roofers (39%), followed by laborers (22%), painters and dry wall 

workers (14%), other skilled trades (14%), and supervisors (11%).  Hispanic 

ethnicity (p<0.0001), drinking 2 or more alcoholic beverages per day (p<0.0001), 



 

 

working for a company that does not provide health insurance (p=0.0022), and 

working for a company with less than 10 employees (p<0.0001) were significantly 

associated with lower perceived safety climate scores. The majority of the 

population worked for companies with less than 10 employees and worked in 

residential construction.  Greater perceived safety climate scores were not 

significantly associated with injury in either Hispanic or non-Hispanic populations.    

The proportion of Mexican immigrants who died from occupational injuries is 

higher among all construction workers (SMR=1.31), roofers (SMR=2.32), and 

carpenters (SMR=2.25) than other Mexican immigrants workers. The 

construction industry was protective against suicide (aOR = 0.63) and death from 

natural causes (aOR=0.70).  Conclusion: The lower perceived safety climate 

scores among Hispanic workers indicate that the perception of the importance of 

safety on the job site is lower among Hispanics construction workers than non-

Hispanics construction workers.  While this research does not provide evidence 

that that perceived safety climate is associated with past injury occurrence, this 

study provides evidence that attention to construction industry injuries is justified 

across ethnicities, while prioritizing attention to cultural differences. Interventions 

to reduce occupational injuries and fatalities among Hispanic migrant 

construction workers should target roofers and carpenters.   
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CHAPTER 1 

INTRODUCTION 

 

Statement of Problem  

Occupational injury and fatalities are a notable and unnecessary burden on 

society.  In 2013, occupational injury affected over 3% of the U.S. working 

population [1], resulting in 4,405 fatalities [2], disproportionately affecting 

Hispanic workers [3].  Annually, the burden of occupational injuries results in over 

one million total lost days of work [4].  The impact ranges from the individual and 

their families to the overall economy, costing Americans close to $200 billion in 

annual direct and indirect costs [5]. 

For the years 2009-2013, clear ethnic disparities were present in fatal and non-

fatal occupational injuries among all industries.  Occupational non-fatal injury 

rates are approximately 20% higher among Hispanic workers compared to all 

workers combined (2013: 3.2% vs 3.8%) [4] and fatal occupational injury rates 

are significantly higher among Hispanic workers compared to non-Hispanic 

workers (2013: 3.0% vs 3.5%) (Figure 2.1, Appendix A) [2].  The rate of 

occupational fatalities has also been consistently higher among Hispanics than 

among all races combined [2] (Appendix B); moreover, the occupational fatality 

rate disparity among foreign born Hispanic workers is greater than Hispanics 

born in the U.S. [6, 7].  In recent years (2009-2013), Hispanics have not seen 

significant improvements in rates of occupational deaths and there has been an 

approximate 12% increase in the number occupational deaths while non-

Hispanics have seen reduced rates and counts [2].  Occupational fatality rates 
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and counts for all workers, Hispanic workers, and non-Hispanic workers are 

presented in Appendix A.   

The construction industry comprises the largest share of occupational deaths 

(19% in 2013) among U.S. industries [2], is made up of over 1.1 million workers 

[8], and is composed of approximately 25% Hispanic workers [9].  In 2013, there 

were more fatalities (n=856) in the construction industry than any other U.S. 

industry [2].  The total number of occupation fatalities by leading industry are 

presented in Figure 2.2.  In the last five years, the trends in construction fatalities 

have paralleled overall occupational fatality trends.  The number of deaths for the 

construction work force combined has decreased 5%, while deaths among 

Hispanics in construction have increased 13%.  The rate of fatal work related 

injuries among the Hispanic construction workforce is significantly higher than 

their non-Hispanic counterparts (10.7 vs 8.8 / 100,000 workers) (Appendix B) [2]. 

Ethnic disparities in occupational injuries have been persistent throughout the 

last three decades [2], exist in many industries in the United States [10], and 

mostly affect Hispanics of Mexican origin [11].  Among Hispanics, construction 

workers reported supervisor pressure, competition for jobs, and intimidation 

against raising safety concerns as barriers to workplace safety [12].  Additionally, 

Hispanics in the construction industry have relatively low health literacy [13], 

limited use of personal protective equipment (PPE) when they felt it limited 

productivity or was uncomfortable [14], and are more likely to have machinery 

and fall-related hospitalizations [15].  Among low wage immigrant workers in a 

variety of industries, construction workers reported more frequent hazards at 
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work, more frequent injuries, less knowledge of workers’ compensation laws, less 

work training, and less health care access (access to a doctor and health 

insurance) [16]. 

Workplace safety climate has emerged from the understanding that workplace 

safety and injury prevention should be examined from a holistic approach, 

considering both proximal and distal influencing factors [17].  This includes, but is 

not limited to, the immediate workplace environment as well as the perception of 

the important safe behaviors.  A positive safety climate is understood to influence 

workers attitudes and behaviors towards greater workplace safety [18], and is 

currently recognized by U.S. policy makers [19] and internationally as a key 

component of workplace safety [20].  

Several recent investigations have used safety climate measures to effectively 

evaluate contractor safety assessment programs [21], differences in employment 

and personal characteristics among Hispanic workers [22],  correlations with 

personal protective equipment provision, risk of injury [23, 24], and risky 

construction industry occupations [25].  Other investigations have used safety 

climate measures to examine person- and situation-based antecedents of 

workplace accidents and injury [17, 26], group safety climate [17], and safety 

climate across construction trades [27].    

Research regarding safety climate has proven effective in directing injury 

reducing interventions [28] by combining organizational factors and individual 

characteristics.  Attention to safety climate is essential to improve workplace 

safety outcomes [29], has been used effectively in minority populations and 
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Spanish speaking populations [22, 25, 30], and will help shape and appropriately 

target future interventions [27].  However, to our knowledge, there has never 

been an investigation that evaluates differences in safety climate among different 

ethnicities in the construction industry. 

 

Purpose and Objectives  

The overarching goal of this research is to investigate factors contributing to 

ethnic disparities of occupational injury among construction workers in the 

southeastern United States.     

The rationale for this investigation is that construction-related occupational injury 

and fatality in the southeastern United States (SEUS) is influenced by safety 

climate and occupation.   

Specifically, we hypothesize: 

(1) Hispanic construction workers in Athens, Georgia have a lower perceived 

safety climate score than non-Hispanic workers. 

(2) Associations between perceived safety climate and injury differ between 

ethnicities. 

(3) Among a group of first generation Mexican immigrants, the construction 

industry will have a higher proportion of deaths than other industries and laborer 

and low skilled occupations are at greater risk for work site fatalities.  
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Approach 1 (Aims 1 and 2)  

The specific aims and objectives of Approach 1 are detailed in Figure 1.1. Aims 

1 and 2 were based on a surveyed population of construction workers in Athens, 

Georgia.  They were asked about their workplace perceived safety climate, 

ethnicity, and injury history.  The surveyed population was gathered from local 

home improvement stores and construction sites in Athens, GA.   A sample size 

of 179 was collected and was adequate for detecting differences in perceived 

safety climate score between populations of those who have had workplace 

injuries and those who have not in the previous 3 years.  A measurement 

instrument was created that included: 

1) Demographic profile (age, race/ethnicity, gender, occupation, country of 

birth, language spoken at home, and length of time in the United States)   

2) Workplace characteristics (size of construction company, type of 

construction, specific occupation, employment status, health insurance, and 

hours worked/week) 

3) Workplace injury history (description of most recent incident in previous 3 

years, type of injury, whether the injury was reported to job site supervisor, 

number of days were missed from work, whether workers’ compensation was 

filed, whether the injury was reported to a supervisor, and whether treatment was 

sought at a hospital/clinic/doctor’s office). 

4) Safety climate perception (validated 10 question composite score 

reflecting norms, assumptions, beliefs, and attitudes toward workplace safety 

adapted from previous surveys. [21, 31]). 
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Figure 1.1 Specific Aims, Objectives, and Hypotheses of Aims 1 and 2 

Aim 1 Aim 2 

 
To investigate associations between 
ethnicity and safety climate perceptions 
in the construction Industry in Athens, 
Georgia. 
 
1a. Present univariate characteristics 
of surveyed construction industry 
workers. 
 
1b. Explore univariate associations 
between demographic characteristics 
and perceived safety climate scores.  
 
1c. Use multivariate linear regression 
models to explore associations 
between ethnicity, occupation and 
perceived safety climate score, while 
adjusting for demographic and 
workplace characteristics. 
 
 

 
Investigate associations between 
Hispanic ethnicity, injury 
incidents, injury characteristics, 
and safety climate among 
construction workers in Athens, 
Georgia. 
 
2a. Present univariate 
characteristics of surveyed 
construction industry workers 
and injuries. 
 
2b. Use logistic regression to 
investigate the association 
between injury occurrence and 
injury report, and perceived 
safety climate scores.   

Hypothesis: (H1) We expect 
perceived safety climate scores to be 
lower among Hispanic construction 
workers compared with non-Hispanic 
construction workers.  (H2) We expect 
perceived safety climate scores to be 
lower among non-skilled occupations, 
such as laborers, assistants and 
apprentices. 

Hypothesis:  (H1) We expected 
lower perceived safety climate 
scores to be associated with a 
greater odds of having been 
injured on the job.  (H2) We 
expect perceived safety climate 
scores to be associated with 
greater odds of reporting injury to 
supervisor. 

 

Approach 2:  Investigate Construction industry mortality among 1st 

generation Mexican migrants in SEUS 

The specific aims and objectives of Approach 2 are detailed in Figure 1.2.  Aim 3 

is based on data abstracted from death certificates maintained by the Consulate 

General of Mexico, in Atlanta, Georgia.  The consulate maintains records for all 
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deaths of Mexican nationals who are repatriated to Mexico.  Death certificates 

were available for the years 2003-2013. 

 

Figure 1.2. Specific Aims, Objectives, and Hypotheses of Aim 3 

Aim 3) Investigate the association between construction 
industry occupations and occupational fatalities and work in 
construction industry and other causes of death that occur 
away from the job site.   
 
3a. Presents characteristics of occupational deaths among 
SEUS Mexican population from 2003-2013.  
 
3b. Calculate the age adjusted standardized mortality ratio for 
occupational fatality among individual construction 
occupations versus expected occupational fatalities for overall 
construction occupational fatalities. 
 
3d. Use logistic regression to determine whether working in the 
construction industry is associated with other manners of death 
other than occupational fatalities (natural, accidental, homicide, 
and suicide). 

Hypothesis: (H1) We expect laborer and low skilled occupations to 
be associated with higher odds of occupational fatalities. (H2) We 
expect suicide and homicide fatalities to be lower and accidental 
fatalities to be higher than other occupations.   
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Significance of Research 

This research addressed a significant problem in an underserved and 

understudied population at high risk for occupational injury.  Our investigation 

was targeted at Hispanic construction workers in SEUS.   

The Hispanic population in the SEUS has grown at a faster rate than any other 

region in the U.S. and the majority are of Mexican origin.  In 2000-2010, the 

SEUS experienced growth of the Hispanic population 2-3.5 times faster than the 

U.S. as a whole [32].  Occupational injury and fatalities were a significant burden 

[7, 33], and there are ethnic injury disparities among prominent industries in the 

region [34]. 

This study focused on issues that were established by national organizations as 

leading health priorities in the U.S.  Healthy People 2020 aims to reduce fatal 

and non-fatal work related injuries, specifically fatal injuries in construction (OSH 

1.3) [35]. Also, the National Construction Agenda for occupation and safety and 

health research practices strategic goals 8.0 (Construction Culture) and 12.0 

(disparities) are addressed in this proposal [36].   

To our knowledge, no epidemiologic assessment has been conducted that 

evaluates differences in perceived safety climate by ethnicity in construction or 

any other U.S. industry. Additionally, there is limited literature regarding non-

occupational fatalities associated with occupation, especially among first 

generation Hispanic migrants. 
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Study outline  

Chapter 2 of this dissertation details the literature that is relevant to a full 

understanding of the issues surrounding construction safety, health disparities of 

Hispanic workers, an overview of safety climate research in the construction 

industry, and gaps in the literature.  Chapter 3 describes the methods that were 

used in conducting this investigation, including data collection, data sources, and 

statistical analysis.  Chapters 4, 5, and 6 are presented in manuscript format, 

including background, methods, results, conclusions, references, and detail the 

Aims 1, 2, and 3 individually.  Chapter 7 provides a summary of all findings, 

describes strengths and limitations, and makes recommendations for future 

research.   
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CHAPTER 2 

LITERATURE REVIEW   

 

Introduction 

The Occupational Safety and Health Act was enacted in 1970 and grants U.S. 

workers the right to a safe work environment [1]. 

Occupational injuries and fatalities remain a significant and unnecessary burden 

on society.  In 2013, occupational injury affected over 3% of the U.S. working 

population[2], resulting in 4,405 fatalities [3] and disproportionately affected 

Hispanic workers [4].  The burden of occupational injuries permeates our society, 

with total days of work lost due to injury exceeding 1.1 million [2]. The impact 

ranges from the individual and their families, to the overall economy, costing 

Americans close to $200 billion in direct and indirect costs annually [5]. 

The following sections present an overview of the scientific literature regarding 

construction industry fatal and non-fatal injuries with a specific focus on ethnic 

disparities and safety climate. The first section will review the epidemiology of 

occupational injuries and fatalities in the United States overall and in the 

construction industry in recent years.  This is followed by a description of the 

organizational and individual-level characteristics of construction accidents that 

lead to work site injury, and a section describing the disparate outcomes in the 

Hispanic working populations.  Lastly, gaps in knowledge and the direction of 

future research will be presented.   
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Epidemiology of Construction Injuries 

National data regarding occupational illness and injury are recorded in several 

ways: 1) occupational illness and injury is mandated notifiable by physicians [6], 

2) U.S. standard death certificates include entries for industry and occupation of 

decedent, and fatalities that happen at work [7], 3) Annual Survey of 

Occupational Illness and Injury [2], and 4) Annual Census of Fatal Occupational 

Injury [3]. 

National occupational injury and fatality data are collected annually by the United 

States Bureau of Labor Statistics’ Illness and Injury and Fatalities Program 

through the U.S. Department of Labor’s Census of Fatal Occupational Injury 

(CFOI) [3]  and Survey of Occupation Occupational Illness and Injury (SOII) [2].  

Reported illness and injury rates are calculated using population characteristics 

from the Current Population Survey’s Labor Force Statistics [2]. The 

Occupational Safety and Health Act of 1970 (the OSH Act) requires employers 

selected by the Bureau of Labor Statistics to maintain occupational injury and 

illness data.  The U.S. Department of Labor’s Occupational Safety and Health 

Administration’s (OSHA) definition of recordable events that requires companies 

to report death, days away from work, restricted work or transfer to another job, 

medical treatment beyond first aid, or loss of consciousness.  Partial exemptions 

allow companies with ten or less employees to abstain from recording events 

unless specifically requested by OSHA or the event results in a fatality or 

hospitalization of 3 or more individuals [8].  SOII provides estimated injury and 

illness counts and incidence rates based on a sample of approximately 230,000 
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establishments from 44 participating U.S. states and territories.  CFOI attempts 

to identify all deaths that are determined to be occupationally related and 

compiles data from death certificates, and insurance investigation.  All deaths 

included in the count are independently verified by CFOI staff[3]. 

Occupational Injury and Fatalities in U.S. 

In all industries and occupations, the rates of non-fatal occupational illness and 

injury were lower in 2013 than in 2012 and the number of occupational fatalities 

also decreased approximately 5% (4,628 vs 4,405) [3].   The leading causes of 

injury in both men and women are sprains, strains, tears, soreness, and pain.  

Rates of injury resulting in days of work lost are approximately 20% higher in 

men than women (119.2 vs 97.0 per 10,000 full time workers) [9].  Among all 

industries, Caucasian individuals made up 40% of cases, followed by Hispanics 

(12%) and African Americans (8%), and in 40% of cases race was not reported. 

Workers ages 45-54 years had the most days of work missed [3, 9].   

For the years 2009-2013, for all industries, ethnic disparities exist in fatal and 

non-fatal occupational injuries.  Occupational non-fatal injury rates are 

approximately 20% higher among Hispanic workers compared to all workers 

combined (2013: 3.2% vs 3.8%) [2]. The rate of occupational fatalities have also 

been consistently higher among Hispanics than all races combined [3].  In recent 

years (2009-2013), occupational fatalities have been on a slight decline for all 

workers combined and for each individual race/ethnicity, but for Hispanics the 

trend is reversed and there has been approximately a 12% increase in the 

number of occupational deaths [3].  Rates and counts of occupational injury, by 
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ethnicity, for all industries in the United States are presented in Figure 2.1 

(Appendix A). 

The disparities in workplace injuries between Hispanic and non-Hispanic workers 

appear to be widening when compared with reported injury rates 20 years ago 

[3].  The rate of occupational fatalities have also been consistently higher among 

Hispanics than all races combined [3]. Moreover, the occupational fatality rate 

disparity among foreign born Hispanic workers is greater than U.S. born Hispanic 

workers [10, 11].  In recent years (2010-2013), while occupational fatalities have 

been on a slight decline for all workers combined and for each individual 

race/ethnicity, there has been approximately a 13% increase in the number of 

occupational deaths among Hispanics (Figure 2.1, Appendix A) [3].   
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Occupational Injury and Fatalities in Construction Industry 

The construction industry makes up the largest share of occupational deaths 

(18% in 2013) [3]among U.S. industries, is made up of over 1.1 million workers 

[12] and is composed of approximately 25% Hispanic workers [13].  In 2013, the 

construction industry had the most occupational fatalities in the U.S. (856), 17% 

more than the second leading industry (Transportation and Warehousing: 733 

fatalities) [3].  In the last 5 years, the trends in construction fatalities among all 

workers have paralleled overall occupational trends, where the number of deaths 

for the construction work force combined has decreased 5%, while deaths 

among Hispanics in construction have increased 13%[3].  The rate of fatal work 

related injuries among the Hispanic construction workforce is significantly higher 

than their non-Hispanic counterparts (10.7 vs 8.8 / 100,000 workers) (Appendix 

B) [3]. The total number of occupation fatalities by leading industry are presented 

in Figure 2.2.  

Figure 2.2  U.S. occupational fatalities, by leading industry, 
2013   

 
Number of 
Fatalities 

Percent 
of total 

Construction 856 19% 

Transportation and warehousing 733 17% 

Agriculture/forestry/fishing/hunting 500 11% 

Professional and Business Services 430 10% 

Manufacturing 312 7% 

Source: U.S. Department of Labor Bureau of Labor Statistics (USBLS), 
Census of Fatal Occupational Injuries. 2013 

 

 



 

19 

 

National Data Limitations 

In 2013, reported rates of non-fatal occupational injury in the construction 

industry were comparable to all industries combined (3.8 vs 3.5 per 100 full time 

workers), though interpretation is limited.  It is a general consensus and several 

recent studies have corroborated that occupational injuries are drastically 

underreported [14-16].  Additionally, in 2013, ethnicity data was missing from 

40% of cases reported to the U.S. Bureau of Labor Statistics[9].  The concerns 

about reporting completeness have begun to be addressed by the Bureau of 

Labor Statistics and they have conducted research that addresses the limitations 

[17-19].  A meeting was convened in 2013 by the Council of State and Territorial 

Epidemiologists to address underreporting on occupational illness and injury 

surveillance. The participants concluded that improved reporting could be 

achieved if multi-source surveillance systems for traumatic injuries were 

implemented in multiple states, the system expanded state based surveillance to 

include more states, worker populations and hazards under surveillance were 

expanded, and there was increased collection of occupational information in 

national health surveys [20]. Studies in 2010 and 2012, in Washington DC, 

Wisconsin, and Kentucky, by the Bureau of Labor Statistics found some limited 

advantages of integrating SOII surveillance with workers compensation 

databases [21-23].    

In 2011 a study found that small construction companies were the most likely to 

underreport and estimated that only 25% of severely injured Hispanic workers 

and 53-66% of non-Hispanic workers were being captured by the Bureau of 
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Labor Statistics’ SOII [16].  Among a small sample of Hispanic residential roofers 

in North Carolina, Arcury et al. found  that 40% had been injured in the last year 

(an over 10-fold difference from officially reported rates) [24].  Lastly, a cohort 

study prospectively followed 107 Hispanic residential construction workers and 

concluded that official reports represent a three to four fold underestimation of 

injury [15].  

Causes of Construction Injuries 

Though the causes of occupational accidents, injuries, and fatalities are 

multifactorial and have been related to organizational/management, group, and 

individual characteristics [25]. Investigations and national statistics of 

construction injuries have revealed many common themes with regards to the 

workplace environment, risky occupations, and individual characteristics.   

Four types of construction industry accidents account for approximately 60% of 

its fatalities.  In 2013, 37% of construction fatalities were caused by falls, 10% 

caused by being struck by objects, 9% from electrocutions, and 3% from being 

caught in-between equipment [26].  Approximately 86% of non-fatal construction 

injuries happen between 8:00 am and 4:00 pm, 98% of construction injuries occur 

in men, close to 75% occur in individuals between the ages of 25-54, and 35% 

occur within the first year of working with an employer [13]. 

Individual and construction company characteristics have been associated with 

workplace safety.  Larger companies with more than ten employees are 

considered safer than small ones [27, 28].  Workers with less skill, such as 
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workers employed in apprentice positions, with less experience are less familiar 

with safety policies than those with experience [27, 29].  Accordingly, research 

has shown that the highest burden of occupational injury and fatalities among 

construction workers is among unskilled laborers [15, 30].  Falls that result in 

fatalities in the construction industry happen more often among self-employed 

workers, individuals age 55 and older, Hispanic workers, small (1-10) 

establishments, and at residential construction sites [31, 32].  Fatal falls have 

also been associated with working as a roofer, iron worker, laborer, and 

carpenter [33].  Additionally, investigations have observed insufficient use of fall 

arrest devices and monitoring unguarded floor openings on construction sites 

[27].   

Construction occupations are not limited to excessive risk for workplace injuries.  

Construction laborers have higher mortality rates from cirrhosis, cerebrovascular 

disease, chronic obstructive pulmonary disease, ischemic heart disease, and 

leukemia than other construction occupations[34], and asthma and bronchitis 

have been associated with painting occupations [19].  Also, construction 

employment has been associated with gaps in health literacy regarding 

cardiovascular health risks [35] and seatbelt usage  [36].  One study in Colorado 

found that construction occupations have the fourth highest age-adjusted 

incidence rate in men and the highest rate in females of all occupations for 

suicide [37]. A recent meta-analysis including 34 studies (retrospective 

population-level studies and case-control studies), including 93 occupations, also 

found that low skill level occupations are at higher risk for suicide [38]. 
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Ethnic Disparities   

The disparities in occupational health outcomes between Hispanic and non-

Hispanic workers contradicts some health outcome dynamics often observed in 

Hispanic populations in the U.S.  Though not universally accepted in the 

literature [39-41], Hispanic and migrant populations have some health 

advantages despite lower education and income, as shown by U.S. population 

statistics.  This anomaly has been has been addressed as the healthy migrant 

paradox [42-45].  This has been explained by a healthy worker bias, in which it is 

presumed that the healthiest individuals migrate for work , and a salmon bias in 

which unhealthy individuals or those who become sick return to their home 

country [40].  National data reveals that both foreign born and native U.S. 

Hispanics live longer than non-Hispanic White populations [46-48].  This dynamic 

is not universal to all health outcomes.  In addition to occupational fatalities, 

Hispanics have higher fatality rates for diabetes, stomach cancer, liver cancer, 

cervical cancer, HIV/AIDS, liver disease than non-Hispanics [49]. In addition, 

Hispanic male youth have higher mortality rates of homicide and automobile 

accidents [50], and Mexican migration is associated with poorer mental health 

[51]. 

There is evidence of persistent disparities among Hispanic workers and 

occupational outcomes throughout the last 3 decades [52] in many industries in 

the United States [53], mostly affecting Hispanics of Mexican origin [54, 55]. 

Hispanic construction workers identified supervisor pressure, competition for 

jobs, and intimidation against raising safety concerns as barriers to workplace 



 

23 

 

safety [56].  Additionally, there was relatively low health literacy [29] and limited 

use of PPE when they felt it limited productivity or was uncomfortable [28].  

Hispanics were more likely to have machinery and fall related hospitalizations 

than other ethnicities [57] and are at elevated risks for most other occupational 

injury outcomes [53].   Among low wage immigrant workers in a variety of 

industries, construction workers reported more frequent hazards at work, more 

frequent injuries, less knowledge of workers compensation laws, less job- related 

training, and less health care access (access to a doctor and health insurance) 

[58]. 

The relationship of migrant workers with regulatory and governmental authority is 

complicated and is a somewhat delicate balance between respect and distrust.  

An example of its tenuous nature was illustrated in an incident in 2005 in 

Goldsboro, North Carolina.  A large group of migrant workers responded to a 

flyer that was advertised as a mandatory safety meeting, sponsored by the U.S. 

Occupational Safety and Health Administration (OSHA).  In reality, the meeting 

was a part of a sting operation by the U.S. Federal Bureau of Immigration and 

Customs Enforcement in which 48 immigrant workers (Mexican, Honduran, El 

Salvadorian, and Ukrainian) were arrested.  Representatives from OSHA 

commented that they were not aware of the sting, did not condone the tactics, 

and were sorry to see hard earned community rapport disappear [59].      

Cultural factors/attributes may play a role in ethnic disparities.  It has been shown 

that Hispanic workers may weigh job security and production more heavily than 

workplace safety [28, 60] and there is a lack of culturally and linguistically 
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appropriate trainings [61].  The literature is mixed regarding the role of language 

in construction safety.  In some studies, language is reported as a barrier to 

workplace safety [56] and for some it is not [4, 29].  Lastly, conventional trainings 

targeting assertiveness have been less effective among Hispanic workers than 

non-Hispanic workers [60], and may not adapt to the needs of the diverse 

Hispanic population.  The Hispanic population is often regarded and studied as a 

homogenous group when it is composed of individuals from 20 separate nations 

in South and Central America with unique cultural distinctions that may contribute 

differentially to health outcomes [42].  It is important to recognize the 

heterogeneity may play a role in construction industry safety [62].  

Occupational injury has been shown to decrease with supervisorial supported 

safety at work sites, use of personal protection equipment, perceived importance 

of safety to employers (work safety climate) [24], and consistent implementation 

of other recognized hazard prevention strategies [27].  The role of institutional 

involvement is unclear in workplace safety and injury prevention.  While some 

regulation and legislation enforcement activities have been shown to be effective 

in improving workers’ safety [63], there remains debate about the effectiveness of 

issuing violations and there is limited literature that supports it [64].  Additionally, 

training interventions, inspections or the introduction of occupational health 

services have had limited success in the reductions of non-fatal injuries[65].  

Similarly, adherence to Occupational Safety and Health Administration (OSHA) 

guidelines have limitations [66] but have also shown some effectiveness in 

reducing occupational injury [27].   
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In addition to injury rates, Hispanic and Black construction workers have been 

shown to have lower monetary settlements from worker compensation claims 

than injured white workers.  This disparity exists despite the fact that for specific 

injuries the mean temporary total disability and permanent partial disability in 

whites were equivalent to or lower than those in Hispanic and black construction 

workers [67].  This may be due to lack of understanding of workers’ 

compensation procedures or that workers in underrepresented minorities feel 

intimidated by authority [29]. 

 

Safety Climate  

Safety climate has emerged as an important component in workplace safety 

research and can be applied to virtually all industries and work settings.  

Workplace safety climate has emerged from the understanding that workplace 

safety and injury prevention should be looked at from a holistic approach, 

considering both proximal and distal influencing factors.  Safety climate is 

influenced by safety policies and programs, organizational climate, and 

environmental conditions [68].  Workplace safety climate is currently recognized 

by U.S. policy makers [69] and internationally as a key component of workplace 

safety [32].  

In order to present a review of safety climate, it is necessary to separate it from 

safety culture.  While both safety climate and safety culture are both terms to 

describe the distal factors comprising a work environment that either promotes or 

challenges safe behaviors, they are not equivalent [70].    The term ‘safety 
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culture’ was first used in in summary reports following Chernobyl Power Plant 

Accident [71] and is understood to be an overall sense of shared beliefs, values 

and traditions around workplace safety.  Safety culture has been defined as ‘the 

product of individual and group values, attitudes, perceptions and patterns of 

behavior that determines a team or organization’s commitment to safety 

management’ [72].  Safety culture reflects personal, psychological, and 

environmental factors that determine an organization’s ongoing commitment to 

safety [73]. 

Like other cultures, safety culture evolves slowly and is resistant to change, while 

safety climate is more flexible, adaptable and is a closer antecedent to safe 

behaviors [70].  Safety climate has been considered a snapshot of safety culture 

[74-76] and also a product of safety culture [73].  Safety climate refers to the 

relative priority of safety, rather than the content of individual procedures, largely 

prioritizing safety over production [77], and can exist at various tiers of 

organizational structures [77]. Safety climate is pervasive in contemporary 

occupational safety research having been investigated in, but not limited to, 

agriculture [78, 79], industrial plants [80], geriatric care [81], oil and gas industry 

[82], automobile industry [83], and health care [84].    

A safety climate measure was first published in 1980, from industrial workers in 

Israel, and was developed from previous work exploring factors relating to 

organizational climates, such as motivational and creativity climates [85].  Dov 

Zohar’s inaugural safety climate measured organizational dimensions through a 

49 question survey and performed step-wise discriminant analysis to achieve the 



 

27 

 

smallest number of safety climate dimensions to be tested.  The preliminary 

analysis included 8 dimensions: 1) Perceived importance of safety training 

programs, 2) Perceived management attitude toward safety, 3) perceived effects 

of safe conduct on promotion, 4) perceived level of risk at work place, 5) 

perceived effects of required work pace on safety, 6) perceived status of safety 

officer, 7) perceived effects of safe conduct on social status, and 8) perceived 

status of safety committee.  The eight dimensions were tested on 20 large (500-

1000 workers) factories and found to be an effective tool to measure 

occupational behavior related to safety.  

In 1986, investigators Brown and Holmes tested Zohar’s 8 factor model on 

accident outcomes in the United States among Illinois and Wisconsin 

manufacturing and produce companies using confirmatory factor analysis.  They 

found that Zohar’s model was not supported (GFI=0.525, root mean square 

residual=0.21), but instead found a 3-factor model to be appropriate (GFI=0.930, 

RMSR=0.0.064).  The 3 factors identified were 1) employee perception of how 

concerned management was with their wellbeing, 2) employee perception of how 

active management was in responding to this concern, and 3) employee physical 

risk perception [86].  Another more recent evaluation of Zohar’s model, 

performed in 2007 by Johnson on manufacturing employees, also found that the 

full questionnaire was an effective predictor of safety climate related outcomes 

(behavior and accident experience), but excessive and could be shortened to 3 

factors [87]. 
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The first safety climate model to be used specifically on construction workers 

descends from Brown & Holmes’ refinement of Zohar’s model.  The model was 

conducted on 9 non-residential construction sites in Baltimore, MD [88]. The 

investigators, Dedobbeleer and Béland, validated that the 3-factor model was an 

appropriate model for construction workers, but found that their weighted least 

square statistical method revealed a 2 factor, 9 question model, was an equally 

good fit (X2=4.74, df=2, p=0.093). The 2 dimensions that were found to be most 

fitting for construction workers and have persisted into contemporary research 

are perceptions regarding 1) management’s commitment to safety and 2) 

workers’ involvement in safety [88].    

In 2002, Gillen et al., adapted the Dedobbeleer and Béland 2-factor, 9 question 

safety to divide one question.  Their 2-factor 10 question model was used to 

evaluate safety climate among union and nonunion construction workers and 

was found to have a significant positive correlation with injury severity (r=0.183, 

p=0.003). The complete questionnaire is detailed in figure 2.3 [89].   
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Figure 2.3. Gillen et al., 2-Factor, 10 Question Safety Climate Survey 

Factor 1. Management concerns and safety activities? 

Workers Safety practices are very important to management? 

Workers are regularly made aware of dangerous work practices or conditions?1 

Are workers are regularly praised for safe conduct?1 

How much do supervisors seem to care about your safety? 

Did you receive instructions on safety when hired? 

Are there regular job safety meetings? 

Is proper equipment always available? 

Factor 2. Employee risk perceptions 

Do you have almost total control over personal safety? 

Is taking risks part of the job? 

What is the possibility of getting injured in the next 12 months? 

1 Questions that were previously one question in Dedobbeleer and Bélend’s 9 question survey (“How much emphasis 
does the foreman place on safety practices on the job?”)[88] 

 

In 2013, a study used Dedobbeleer and Béland’s model to evaluate differences 

in associations between management and employee safety climate and 

contractor safety assessment programs (CSAP) among 68 companies in 

Massachusetts.  The investigation revealed little correlation between the 

companies’ assessed safety assessment programs and safety climate scores, 

calling in to question the validity of the CSAP.  Additionally, they found similar 

safety climate scores among workers and management in the companies [90].  

Two studies investigated safety climate among Hispanic construction workers 

using Gillen’s 2002, 2-factor; ten question model.  In 2012, they surveyed 119 

Hispanic construction workers in North Carolina in order to investigate 

differences in employment and personal characteristics.  They found that roofers 
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had the lowest safety climate scores (p<0.01) and that attending regular safety 

meetings (p<0.07), not using damaged equipment (p<0.01), and not seeing 

coworkers create unsafe situations (p<0.06) were positively associated with 

perceived safety climate scores [14]. In another investigation using the same 

model, Arcury et al. collected prospective data on 89 Hispanic roofers in North 

Carolina and found moderately significant associations between perceived safety 

climate and risk of injury (p=0.073) [24].    

An additional safety climate model includes Griffin and Neal’s work with 

Australian manufacturing workers.  They developed a 4 dimensional model: 

management commitment to safety, safety practices, supervisor support for 

safety, and work pressure. This was implemented in a 19 question survey 

instrument [91], which has been effective in in examining person and situation-

based antecedents of workplace accidents and injury.  This survey tool was used 

in 2013 to examine safety climate among different construction trades and found 

significant differences in safety climate between construction trades (F36,9835 = 

8.53, p<0.001) [92].   

Evidence is accumulating that safety climate is effective in shaping interventions 

by combining organizational factors and individual characteristic to improve 

workplace safety outcomes [93, 94].  Other recent investigations  have supported 

the importance of safety climate in construction industry occupational safety 

research [95], finding psychological factors to be more influential to worker safety 

than the physical condition of the work site [96].  Investigations have found safety 

climate scores to be reliable predictors of safety related outcomes, such as 
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reduced injury frequency and severity, safe behaviors [87], company accident 

rates [97], and self-report injury [94]. Scores can differ between groups in the 

same company, and can be measured at various tiers of industry, such as work 

groups and sub-units of workers [98]. 

The research proposed in this investigation will focus on Gillen’s adaption of 

Zohar’s safety climate model.  It has been suggested that safety climate 

measures may have different validity across industries [99], and that lengthy 

questionnaires may lead to respondent fatigue [100].   Gillen’s 10 question 

survey is brief, has been used effectively in the construction industry.  While this 

model has not been formally validated, it is the has been used effectively and has 

shown significant associations with safe behaviors on construction sites by 

Hispanic workers [14, 24] 

 

Gaps in Literature 

While research has been conducted and has effectively identified factors 

associated with workplace injury, there is a considerable gap in knowledge.  

Specifically, more research needs to be dedicated to addressing factors 

contributing to ethnic disparities and safety climate in the construction industry.   

A focus on the safety of Hispanic workers is not novel [62], as it is clear that 

Hispanics are and have been disproportionately affected for decades.  While 

there is substantial literature that investigates this disparity, the full picture is not 

completely understood.   While the literature indicates that some characteristics 
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that are unique to the Hispanic population, such as language and fear of 

authority, may contribute to the disparity, many questions remain unanswered.   

Understanding the dynamic between ethnicity and occupational injury is further 

complicated by the cultural and migration characteristics of the Hispanic pollution 

in the United States.   

Additionally, further research is necessary to understand Hispanic workers’ 

occupational, social, economic, and cultural background in order to begin to 

reduce their excess of occupational fatalities [4]. This is especially true for 

temporary employment positions on small crews that generally are not covered 

by OSHA mandates [8], and in low skill level workers, such as laborers and 

apprentices [15]. 

An additional limitation of the current research regarding Hispanic and migrant 

health is the homogeneous classification of these groups [101, 102].  The 

Hispanic population in the United States is comprised of individuals from 

approximately 20 separate nations in South and Central America with unique 

cultural distinctions that may contribute differentially to health outcomes [42].  

While in some cases it is difficult to reach beyond a homogeneous classification 

of Hispanic populations, specific attention should be devoted to identifying and 

investigating unique population clusters. 

Research from this proposed investigation will provide guidance to direct future 

research and intervention strategies.  There has been very little research done 

linking intervention strategy and occupation [34], and using academic research to 
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inform the process is essential [103].   Though there has been some success 

using community-based participatory research strategies among Hispanic 

construction workers [104], there should be better integration of safety climate 

into intervention design, implementation, and evaluation [60].  

Specific focus should be paid to the southeastern United States (SEUS), where 

the Hispanic population is growing at a faster rate than any other region in the 

U.S. and the majority is of Mexican origin.   The SEUS region experienced 

growth of the Hispanic population 2-3.5 times faster than the U.S. as a whole 

[105], and the Hispanic population makes up a large percent of the occupational 

fatalities [106].  Some research has shown that the southern region of the U.S. is 

disproportionately burdened with fatal falls [11]. 
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CHAPTER 3 

METHODS 

 

Part 1:  Safety Climate, Construction Injuries, and Ethnicity (Aims 1 & 2) 

 

Data Collection 

We administered a single survey targeting construction workers in Athens, GA in 

order to accomplish aims 1 and 2.    

Content of the survey is presented in Figure 3.1 and the survey instrument is 

presented in the Appendices (Appendix C).  Each survey collected a brief 

demographic profile of the individual, recorded workplace characteristics, asked 

about most recent injury (in last 3 years), and included a 10 question perceived 

safety climate measure.  This research utilized Gillen’s ten-item scale [1] that 

was used in Arcury’s studies among Hispanic construction workers [2, 3] , which 

is a slight adaption of a 9-question previously validated measure [4].  This safety 

climate measure was chosen for its simplicity/brevity, and previous effective use 

in construction industry research among Hispanic populations [1, 3-6].  The 

survey was created in English and translated to Spanish.  The survey was back-

translated from Spanish to English, to ensure accuracy, by native Spanish 

speakers.     

Each participant was administered a survey and assigned a unique identifying 

number (UIN).  Participant age was verified (above 18 years) for each 

respondent but no other personal identifying information was collected from 

participants. Participants were read a script that described the purpose and 
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importance of the investigation.   The surveys were administered in person and 

took less than 10 minutes each. Participants were assured that their participation 

was voluntary and their answers would remain anonymous.   Surveys were 

conducted in person and on paper, and all survey results were entered into a 

password protected electronic database.  Survey participation rates for all 

individuals approached were sampled over 3 days.  All individuals conducting 

surveys were trained and followed a strict protocol.  All study activities were 

conducted by students and staff at the University of Georgia’s College of Public 

Health, and were approved by the University of Georgia’s Institutional Review 

Board.   
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Figure 3.1 Components of Construction Worker Surveya 

Demographic 
Profile 

Age Years (continuous) 

Race/ethnicity 
Hispanic, Non-Hispanic-White, Non-
Hispanic-Black, Other 

Occupation 
Carpenter, roofer, electrician, laborer, 
supervisor, other  

Country of Birth United States, Mexico, other 

Length of Time in U.S. Years (continuous) 

Language spoken at home 3 tier scale English/Spanish and other 

Number of years in construction Years (continuous) 

Workplace 
Characteristic 

Type of construction Residential, Commercial, or Both  

Number of workers on job site 1-10, 11-50, 50-100, 100+ 

Employment status 
Permanent or Temporary(Self 
Employed)  

Health insurance provided Yes or No 

Workplace 
3 year 
Injury 
History 

Have you been injured at work in the 
last 3 years?  

Yes or No 

Type of injury  8 Categories  

Missed work due to injury 

Yes or No 
Treatment received 

Report to supervisor 

File for workers compensation 

Safety 
Climate 
Measurea  

Workers’ safety practices are very 
important to the management 

Strongly disagree (1) 
 

Disagree (2) 
 

Agree (3) 
 

Strongly agree (4) 

Workers are regularly made aware of 
dangerous work practices or 
conditions 

Workers are regularly praised for safe 
conduct 

Workers receive instructions on 
safety when hired 

Workers attend regular safety 
meetings 

Proper safety equipment is always 
available 

Workers have almost total control 
over personal safety 

Taking risks is not part of my job 

The possibility of being injured at 
work in the next 12 months is very 
likely 

Supervisors do as much as possible 
to make my job safe 

Supervisors are only interested in doing 
the job fast and cheap (1) 
Supervisors could do more to make my 
job safe (2) 
Supervisors do as much as possible to 
make my job safe (3) 

aGillen et al. adaption of Dedobbeleer and Zohar safety climate models [1, 4, 7] 
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Population 

Surveys were conducted in Athens, GA.  Athens-Clarke County Metropolitan 

Statistical Area (MSA) is composed of Madison, Clarke, Oglethorpe and Oconee 

Counties, and in 2010 had 120,000 residents.  The formal construction industry 

employs approximately 2,200 individuals and is the 3rd leading occupation for 

males in Athens MSA.  In 2014, the Athens metropolitan formal construction 

industry had approximately 400 establishments[8, 9].  All construction workers 

were targeted and no specific group or ethnicity was intentionally oversampled.   

We identified a convenience sample of men (18 years and older) who work in 

construction in the Athens MSA. We contacted local construction companies and 

builders identified through the Athens Area Home Builders Association 

(http://aahba.com/).  Additionally, we identified construction sites, asked 

permission from the foreman/supervisor, and surveyed the willing workers.  

Lastly, individuals were approached at home improvement/hardware stores.  

Recruitment was accomplished in 2 steps: (1) recruitment of company 

permission, and (2) conducting surveys in the field.   

1) Construction company recruitment took place throughout the Athens area. 

The search will began with the Athens Area Home Builders Association, internet 

and phone book, and through key informants in the community supporting our 

project.  In order to recruit company participation, a letter in English was written 

that explains the purpose and importance of the investigation on UGA letterhead 

and signed by Dr. Robb (Appendix D). Initial contact with companies was be 

done by email.  An in-person meeting was requested to discuss the purpose of 
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the investigation and administration of the survey.  Companies and agencies 

were assured of their company and their employees’ anonymity.  

2) In the field, individuals were approached at construction sites and home 

improvement/hardware stores.  Individuals were read a participant recruitment 

script that informed them of the purpose of the study (Appendix E).  On 

construction sites, a manager or supervisor was identified and asked for 

permission to l to request the participation of workers at the jobsite.  At home 

improvement stores, all individuals exiting the stores were approached.  

A contingency plan was in place in the event that the target sample size (Tables 

3.2 and 3.3) was not obtained in and around the Athens Metropolitan area.  In 

that case, the recruitment radius was to be expanded to include additional 

surrounding cities until the target sample size was reached.  If it were necessary, 

the recruitment would have been expanded to include Atlanta, Georgia, where 

the formal construction industry employs approximately 100,000 individuals [10].  

The expanded recruitment radius was not necessary.     

Exclusion Criteria 

Men and women aged 18 years and older were included in this investigation.  

Individuals were excluded from the investigation if they did not speak or 

understand English or Spanish, or if for any other reason they could not 

comprehend the purpose of the study or any components of the survey.  

Individuals were excluded if for any reason they were unable to provide informed 

consent.  
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Human Subjects Research 

All study procedures and survey instruments were reviewed and approved by the 

University of Georgia’s Institutional Review Board for Human Subjects Research 

(STUDY00002177).   

 

Sample Size 

Sample size estimates for each aim (1 & 2) are presented below in Figure 3.2.  

All sample size estimates for this survey were calculated for α= 0.05 and β=0.80.  

The safety climate score is a summative score for the 10 questions and is scored 

from 10-39, with a higher score indicating a higher or more positive safety 

climate.  Based on previous literature among construction workers, we estimated 

the mean of the population to be µ1=23 (S.D. = 5.3) [2]. 
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Figure 3.2. Sample Size Estimates for Construction Worker Survey 

Difference to 
Detect  

𝝁𝟏 − 𝝁𝟐 
𝒏𝟎+ 𝑲 ∗ 𝒏𝟎 

α = 0.05 
β =0.80 
µ1=13 
σ =5.3 
K1= 1/3 
K2= 1/4 

(Aim 1) K1=1/3 (Aim 2) K2=1/4 

10% 1.30 
1.95 

694 812 

15% 1.95 314 368 

20% 2.60 176 203 

25% 3.25 112 131 

30% 3.90 68 91 
α = Significance level 
β = Power 
µ = expected mean 
σ = Standard deviation of expected mean 
K = Ratio of expected unequal populations  

 

𝒏 =
𝟐(𝒁𝟏−𝜶 𝟐⁄   + 𝒁𝜷)

𝟐

(
𝝁𝟏−𝝁𝟐

𝝈
)

𝟐  (Single sample size for equal population sizes) 

𝑲 =
𝒏

𝟐𝒏𝟎−𝒏
  (Adjustment for unequal sample sizes) 

Total Sample Size = 𝒏𝟎+ 𝑲 ∗ 𝒏𝟎 

K1=1/3 (Expect approximately 1 Hispanic worker for every 3 non-Hispanic 

workers) 

K2=1/4 (Expect Approximately 1 injury for every 4 non-injury) 

 

Aim 1 – The principle objective of the first aim was compare differences in mean 

health safety score among Hispanics and non-Hispanics.  Based on census data, 

we expected 25% of the construction industry population to be Hispanic and 75% 

non-Hispanic (K=1/3)[11].    

Aim 2 – The objective of aim 2 was to compare safety climate scores among 

individuals who were injured on the job in the previous 3 years.  Based on 

national surveys [12], we should expect that 10.5% of the surveyed population 

will have had an injury in the last 3 years.  On the other hand, previous literature 
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suggests that it is possible that 75% of injuries to Hispanic construction workers 

are not reported [13] and other literature suggests other levels of under-reporting 

[2, 5].  Due to the underreporting of injury, our sample size estimates based on 

10.5% injury prevalence in the surveyed population will result in a conservative 

estimate. In order to account for these discrepancies we have presented sample 

size estimates in Figure 3.3 that display the sample size estimates for varying 

(1:9-1:3) injured worker ratios.  

 

Figure 3.3. Sample Size Estimates for Construction 
Worker Survey (Aim 2) for Varying Worker Injury 
Ratios (1:9-1:4) 

Injury / Non-
Injury 

𝒏𝟎+ 𝒏 

α =  0.05 
β = 0.80 
µ1 =13 
µ2 = 11.4  
σ = 5.3 

K2=1/9 362 

K2=1/8 330 

K2=1/7 298 

K2=1/6 267 

K2=1/5 234 

K2=1/4 203 

K2=1/3 173 
α = Significance level 
β = Power 
µ = expected mean 
σ = Standard deviation of expected mean 
K = Ratio of expected unequal populations 

 

Figure 3.2 illustrates the sample sizes necessary in order to detect mean score 

differences from 10-30% for aim 1 and aim 2.  In order to detect a moderate 

difference (20%) (Cohen’s d= 0.49) [14] between populations we estimated that 

we would need to complete surveys with approximately 203 individuals.  The 

number of Hispanic participants and participants with previous injuries within the 

last 3 years were intermittently monitored.  The observed ratio of Hispanic to 
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non-Hispanic was approximately 1:2 and injured to non-injured was 

approximately 1:2.5.  In order to satisfy the sample size needs of each aim, we 

conducted 179 surveys.   

 

Data Analysis (Aim 1) 

The primary objective of Aim 1 was to investigate the relationship between 

safety climate scores and ethnicity among construction workers.  The secondary 

objective was to investigate the relationship between individual occupations, 

safety climate scores, and ethnicity.  We hypothesized that Hispanic ethnicity will 

be associated with lower safety climate scores, which are indicative of a greater 

risk of occupational injury.  We also expect the association between occupation 

and safety climate to differ between ethnicities.   

Participant demographic and workplace characteristics were presented and chi-

square and t-test analyses were performed in order to detect differences 

between Hispanic and non-Hispanic participants.  Collinearity was assessed by 

examining each variables variance inflation factor (VIF), and the Shapiro-Wilks 

test was used to assess normality of safety climate scores.  Cronbach’s alpha 

was computed for the safety climate score’s components in order to test for 

internal consistency on the safety climate scale.    

Demographic and work place characteristics were compared between Hispanic 

and non-Hispanic participants using chi-square tests for categorical variables and 

t-tests for continuous variables.  Univariate linear regression analyses were used 

to examine the crude associations between the safety climate score and 
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demographic or workplace characteristics.  Multivariate linear regression 

analyses considered safety climate scores (10-39) as the outcome of interest and 

ethnicity (Hispanic or non-Hispanic) as the exposure of interest.  This regression 

model was composed of all individual characteristics (age, years working in 

construction, alcohol consumption, and employment status), workplace 

characteristics (number of employees in company and whether health insurance 

is provided by employer), and occupation (carpenter or roofer, painter or dry wall 

worker, laborer, supervisor, or other skilled trades).  Additionally, interactions 

between ethnicity and each occupation were assessed.  Manual step-wise 

backwards elimination was used to remove unnecessary variables from the 

model.  Figure 3.4 illustrates the regression model components and the formulas 

for the full regression models for both primary and secondary objectives.   At 

each step, beginning with interaction terms, the variable producing the least 

significant contribution to the model was removed and the Bayesian Information 

Criteria (BIC) was observed [15].  The model with the lowest BIC was retained 

and is presented.  

Coefficients (β) values were presented with standard errors (SE), and p-values.  

Associations were considered statistically significant at alpha = 0.05 and 

interactions were explored at alpha ≤ 0.10   All data were manually entered into 

Microsoft Excel and analyzed in SAS 9.4. (SAS Institute, Cary, North Carolina). 
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Data Analysis (Aim 2)  

Aim 2 used a cross-sectional study design in order to investigate the role of 

ethnicity on the association between workplace injury and safety climate score.   

The primary objective is to investigate the association between the occurrence 

of workplace injury and safety climate.  The secondary objectives include 

Figure 3.4 Regression Model components for investigating associations 
between ethnicity, occupation, and safety climate score. 

Outcome of 
Interest 

Y = Safety Climate Score  Scores 10-39 (Continuous) 

Exposure of 
Interest 

X1a= Ethnicity Hispanic vs. Non-Hispanic 

X1b-f = Occupation  
Carpenter, roofer, 
electrician, laborer, other 

Demographic 
Profile 

X1 = Age Continuous 

X2 = Country of Birth U.S., Mexico, Other 

X3 = Length of time in the U.S. Years 

X4 = Language Spoken at 
home 

5 Levels and other  

X5 = Number of years working 
in construction 

Years 

Workplace 
Characteristics 

X6 = Type of construction 
Residential vs. Non-
residential 

X7 = Hours worked per week Continuous 

X8= Number of workers on site 5 levels categorical 

X9=Employment status 
Permeant employed vs 
temporary / independent / 
unemployed 

X10=Health insurance provided Yes or No 

 
Exposures of Interest                Potential Confounding Variables            Ethnicity x Occupation Interaction     

 
 

𝑌 = 𝛽0 + 𝜷𝟏𝒂𝑿𝟏𝒂 + 𝜷𝟏𝒃−𝒇 +𝑿𝟏𝒃−𝒇 + 𝜷𝟏𝑿𝟏 +  𝜷𝟐𝑿𝟐 … +  𝜷𝟏𝟎𝑿𝟏𝟎  +  𝜷𝟏𝒃𝑿𝟏𝒃 … +  𝜷𝟏𝒇𝑿𝟏𝒇   +  𝜷𝟏𝒂𝟏𝒃𝑿𝟏𝒂 𝑿𝟏𝒃 … +  𝜷𝟏𝒂𝟏𝒇𝑿𝟏𝒂 𝑿𝟏𝒇  
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investigating associations, among those who have been injured at work, between 

safety climate score and, reporting injury to a supervisor. 

Participant demographic and workplace characteristics were summarized and 

chi-square and t-test analyses were performed to detect statistical differences 

between injured and non-injured workers.  Pearson correlation coefficients were 

calculated for all workplace characteristics, and the Shapiro-Wilks test was used 

to assess normality of safety climate scores.  Safety climate scores and its 

individual components were presented and compared between injured and non-

injured participants using t-tests.  Cronbach’s alpha was computed for the safety 

climate score’s components in order to test for internal consistency on the safety 

climate scale.    

Multivariate logistic regression was used to examine the association between 

safety climate scores (10-39) and injury in the previous 3 years (yes or no), while 

adjusting for other variables. The full logistic regression model considered injury 

as the outcome of interest, previous risk factors (occupation, number of 

employees, number of hours worked a week, and type of construction), and other 

individual and workplace characteristics (age, alcohol consumption, employment 

status, work provided health insurance).  A logistic regression model was 

performed for the total population and stratified by ethnicity based on our a priori 

hypothesis.  Manual backwards elimination was used for each model, eliminating 

the variable with the highest p-value and examining the Akaike information 

criterion (AIC) at each step [16].  The model with the lowest AIC was retained 

and presented with previously known risk factors preserved in the model.  
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Coefficients (β) values were presented with standard errors (SE), and p-values.  

Figure 3.5 illustrates the logistic regression model components and the formula 

for the full regression model for both primary and secondary objectives. 

Injury characteristics were presented and compared between Hispanics and non-

Hispanic construction workers using chi-square tests.  Among participants who 

had been injured, a logistic regression model was used to examine the 

association between safety climate and reporting an injury to a supervisor, while 

adjusting for other variables.  Similar to previous logistic regression model, 

manual backward elimination, examining each model’s AIC was used to find the 

best fitting model.            

Associations were considered statistically significant at alpha = 0.05. All data was 

manually entered into Microsoft Excel and analyzed in SAS 9.4. (SAS Institute, 

Cary, North Carolina). 
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Figure 3.5 Logistic Regression Model components for investigating the 
association between Ethnicity, Safety Climate Score and Workplace Injury 

1° Outcome(s) of 
Interest 

Y1 = Workplace Injury that 
resulted in days missed or 
medical treatment in previous 3 
years Yes or No  

2° Outcomes of 
Interest 

Y2 = Report Injury to Supervisor 

Exposure of 
Interest 

X1 = Safety Climate Score Score 10-39 

Demographic 
Profile 

X2 = Ethnicity 
Hispanic vs. Non-
Hispanic 

X3 = Age Years 

X4 = Country of Birth U.S., Mexico, Other 

X5 = Length of time in the U.S. Years 

X6 = Number of years working in 
construction 

Years 

Workplace 
Characteristics 

X7 =Type of construction 
Residential vs. Non-
residential 

X8 = Number of workers on site 5 levels categorical 

X9 = Employment status 
Permeant vs 
temporary 

X10 = Hours worked per week Hours 

 
                                                                          Exposure of Interest       Risk factors and confounding variables              

 

𝐿𝒐𝒈 [
𝒀

(𝟏 − 𝒀)
]  =  𝜷𝟎  +  𝜷𝟏𝑿𝟏 + 𝜷𝟐𝑿𝟐 +  𝜷𝟑𝑿𝟑 … +  𝜷𝟏𝟎𝑿𝟏𝟎  

 

 

Biases 

There were biases inherent in the survey methods that were accounted for in this 

investigation.  Steps were taken to account for (1) interviewer and (2) recall bias.   

Interviewer bias:  It is possible that interviewers may influence questionnaire 

responses by encouraging or interpreting certain responses.  In order to account 

for this possibility, interviewers were trained and instructed to abstain from 
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interpreting questions or responses and were told to read each question exactly 

as worded. 

Recall Bias:  As with any measurement that is based on individuals remembering 

things from the past, memory is biased.  It is possible that individuals who were 

injured more severely and more recently  remembered more clearly their injury 

and individuals who had minor injuries in more distant past had more difficulty 

remembering.  This bias would result a conservative estimation of injury history 

with less severe injuries omitted   This will likely cause more individuals 

incorrectly being classified as non-injured, resulting in bias towards null and a 

conservative estimation of the association.    

 

 

Chapter 3 - Part 2: Mortality among Mexican construction workers. (Aim 3) 

 

Data Collection 

The Consulate General of Mexico in Atlanta is overseen by the Mexican 

Secretary of Exterior Relations and is one of 50 diplomatic offices in the United 

States that acts to assist and protect Mexican citizens in the United States.  This 

consulate serves Mexican nationals in Georgia, Alabama, and eastern 

Tennessee.  In addition to representing its citizens in issues of documentation 

and protection, the consulate facilitates proper handling and documentation of 

deceased Mexican citizens.  For all Mexican citizens who die in the U.S., the 

appropriate Consulate is involved for purposes of repatriation or legal issues, and 
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documentation, including a death certificate, is maintained.   Data has was 

abstracted from death certificates maintained by the Consulate General of 

Mexico’s Office of Protection.  A standard U.S. Death certificate is presented in 

Appendix F. 

 

Population 

The population for this investigation included all Mexican National Deaths above 

16 years old that were reported to the Atlanta, Georgia Mexican Consulate 

between the years 2003-2013.  For the time period of investigation were 

approximately 3200 death records, 1159 for construction industry workers and 

104 in the construction industry with the cause of death indicated as 

occupationally related.  All cases of death were coded using International 

Statistical Classification of Diseases and Related Health Problems (ICD), 10th 

revision [17].  Industry and occupations were coded using National Institute of 

Occupational Safety and Health’s Industry and  Occupation  Coding Systems[18], 

based on 2010 Standard Occupation Classification System(SOC) [19] and 2012 

North American Industry Classification System (NAICS) [20].   

 

Data Analysis (Aim 3) 

Age-adjusted Standardized Mortality Rates (SMR) were used to compare 

proportions of occupational-related deaths between construction industry 

occupations. Logistic regression models were used to examine the relationship 

between manners of death not related to occupation and employment in the 
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construction industry (yes or no).  Bivariate comparisons, SMR’s, and logistic 

regression analyses were restricted to the male population due to the small 

number of female construction workers (<1%).  Sensitivity analysis, including all 

females, were performed in order to determine how their removal impacted the 

study’s results.    

Population characteristics were presented for the entire study population and 

events leading to death were presented for individuals in the construction 

industry. Bivariate comparisons of population characteristics were made between 

individuals working in construction industries and other industries using chi 

square tests and t-tests.   

Indirect age-standardized mortality ratios were calculated using five-year age 

increments with the overall study population as the standard population. SMRs 

were calculated for each construction occupation with over five occupational 

deaths.  This resulted in four occupational categories used in the analysis: 1) 

carpenter, 2) roofer, 3) mason, 4) laborer, with the remaining occupations 

grouped as ‘other’.  Based on the age distribution of the entire study population 

the number of expected deaths was calculated for each occupation-specific age 

strata, and added together. The age-adjusted SMR was calculated by dividing 

the observed number of deaths by the expected number of deaths for each 

occupation.  Ratios greater than 1.0 indicated having more occupational deaths 

than expected, and ratios less than 1.0 indicated fewer.  Statistical significance of 

the SMR’s was assessed using 95% confidence intervals [21].  The formulas for 



 

63 

 

the age-adjusted SMR and Mantel-Haenszel Chi Square are presented in Figure 

3.6. 

 

Figure 3.6  Formulas for Age-adjusted Proportionate Mortality Ratios and 
Test of Significance 

    

 
Occupation 

Related Death 
All Deaths 

Construction 
Occupation X 

ni Ni 

All Construction 
Occupations 

Mi Ti 

 
i = i’th age group  
ni = observed number of work related deaths in occupation X in the i’th age 
group 
Mi = total number of work related deaths in i’th age group 
Ni = total number of deaths in occupation B in the i’th age group 
Ti = total number of deaths in i’th age group 
 

𝐸(𝑛𝑖) =
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Mantel-Haenszel Test for Significance 
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Logistic regression was used to assess whether being a construction industry 

worker was associated with non-work related fatalities, while adjusting for age.   

There were no model reduction steps.  Occupation was the primary exposure of 

interest and age was forced into the model because of its inherent association 
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with death.  In order to compare each manner of death to all others and because 

the manners of death are mutually exclusive, separate logistic regression models 

were analyzed for each (accident, natural, homicide, suicide, and unknown).  

Adjusted odds ratios with 95% confidence intervals (CI) were presented. Figure 

3.7 illustrates the logistic regression model components and the formula for the 

full regression model. 

 

Figure 3.7. Logistic Regression Model components for investigating 
the association between Manner of Death not related to Occupation 
and Construction Industry Occupation  

Outcomes of interest 

Y1 = Manner of death - Suicide 

Y2 = Manner of death – Homicide 

Y3 = Manner of death – Accident 

Y4 = Manner of death – Natural  

Exposure of Interest Construction Industry Employment 

Potential Confounding Variables 
X1=Age 

X2=Gender 

𝐿𝒐𝒈 [
𝒀

(𝟏 − 𝒀)
]  =  𝜷𝟎  +  𝜷𝟏𝑿𝟏 +  𝜷𝟑𝑿𝒂𝒈𝒆 +  𝜷𝟑𝑿𝒈𝒆𝒏𝒅𝒆𝒓 

 

Associations were considered statistically significant at α≤0.05 and all statistical 

analyses were performed using S.A.S. 9.3 (SAS Institute, Cary, NC, USA). 
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CHAPTER 4 

PERCEIVED SAFETY CLIMATE AND ETHNICITY AMONG  

CONSTRUCTION WORKERS 

 

Introduction 

“Safety climate” refers to the relative priority of safety in the workplace and 

workers’ perception of the importance of safety over production [1] and is 

understood as a snapshot of safety culture [2-4].  A higher safety climate is 

indicative of an employee’s greater perception of the importance of safe conduct 

at their job [5].   Safety climate has been shown to be a reliable predictor of safety 

and safety-related outcomes, such as reduced injury frequency and severity, safe 

behaviors [6], company accident rates [7], and self-reporting injury [8]. Safety 

climate has been shown as a promising tool in shaping interventions by focusing 

on combining organizational factors and individual characteristics to improve 

workplace safety outcomes [9, 10].  Research has supported the importance of 

safety climate research in the construction industry [11], finding psycholosocial 

factors to be more influential to worker safety than the physical condition of the 

work site [6].   

Attention to safety climate is critical in the construction industry, as it is made up 

of over 1.1 million workers [12] and perennially leads all other industries in the 

number of fatalities [13].  In 2013, the construction industry accounted for the 

largest share (18%) of occupational deaths among U.S. industries[13].  In the 

United States, the construction industry is composed of approximately 25% 
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Hispanic workers [14] and they are disproportionately affected by occupational 

fatalities and injuries.  The rate of fatal work related injuries among the Hispanic 

construction workforce was approximately 32% higher than their non-Hispanic 

counterparts (11.5 vs 8.7 / 100,000 full time workers) in 2013 [13].  

 

While nationally reported rates of non-fatal occupational injury in the construction 

industry were comparable to all industries combined in 2013 (3.8 vs 3.5 per 100 

full time workers), a general consensus supports the notion that construction 

injuries are underreported [15-17] and have incomplete ethnicity data.  

Researchers have estimated that the nationally reported construction injury rates 

are between a 3-10 fold [16, 18] underestimation of actual injury rates and 40% 

of cases have missing data on race/ethnicity [19].   

While safety climate has been studied among Hispanic construction workers [18, 

20], it has not been studied in comparison with other ethnicities.  The primary 

objective of this study is to investigate the relationship between safety climate 

scores and ethnicity among construction workers.  Additionally, we explore the 

relationship between individuals’ primary occupations, safety climate scores, and 

ethnicity.  We hypothesize that Hispanic ethnicity will be associated with lower 

safety climate scores and that the association between occupation and safety 

climate will differ between ethnicities. 
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Methods 

Data Collection 

The perceived safety climate measure that was used was developed for 

construction workers and evolved [21, 22] from Zohar’s inaugural work on safety 

climate measurement [5].  It was chosen for its simplicity/brevity and previously 

effective use in construction industry research among Hispanic populations [16, 

20].  The safety climate measurement tool is composed of 10 questions (Table 

4.2) and is summed for a total score with a minimum of 10 and maximum of 39 

points.  A higher score is indicative of a safer work environment as perceived by 

the worker.    

Surveys were administered at local construction sites and home improvement 

stores in July and August 2015, in Athens, Georgia (GA).   Surveys collected a 

brief demographic profile of the individual, workplace characteristics, occupation, 

and included a validated 10 question safety climate measure [20].  The surveys 

were created in English, translated to Spanish and back-translated to English to 

ensure accuracy.  As an incentive for participation, a $5 donation for each 

respondent was contributed to the Boys and Girls Club of Athens, GA.   

Convenience sampling procedures were used.  Individuals and groups were 

approached, asked if they were 18 years old and employed in the construction 

industry.  Individuals were not targeted or intentionally oversampled based on 

race/ethnicity or gender.  On construction sites, a manager was identified and 

asked for approval to request the participation of their workers.  At home 

improvement stores, all individuals exiting the stores were approached.  Each 
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individual was told the purpose of the survey, read an informed consent script, 

and informed about the project incentive.  Willingness to participate in the survey 

was tallied in order to calculate participation rate.  Surveys conducted in Spanish 

were administered by a native Spanish language speaker and all surveyors were 

fluent in English.   

A preliminary sample size target was calculated based on the ability to detect a 

20% difference in perceived safety climate score, with 80% power and alpha = 

0.05 between Hispanic and non-Hispanic respondents (3:1 ratio) [23].  The ratio 

of Hispanic participants was intermittently monitored in order to preserve the 

desired detectable difference, power, and accuracy while maintaining efficiency.  

All study procedures and survey instruments were approved by the University of 

Georgia’s Institutional Review Board for Human Subjects Research.   

 

Data Analysis 

Participant demographic and workplace characteristics were presented and chi-

square and t-test analyses were performed in order to detect differences 

between Hispanic and non-Hispanic participants.  Collinearity was assessed by 

examining each variables variance inflation factor (VIF), and the Shapiro-Wilks 

test was used to assess normality of perceived safety climate scores.  

Cronbach’s alpha was computed for the perceived safety climate score’s 

components in order to test for internal consistency on the perceived safety 

climate scale.    
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Demographic and work place characteristics were compared between Hispanic 

and non-Hispanic participants using chi-square tests for categorical variables and 

t-tests for continuous variables.  Univariate linear regression analyses were used 

to examine the crude associations between the perceived safety climate score 

and demographic or workplace characteristics.  Multivariate linear regression 

analyses considered perceived safety climate scores (10-39) as the outcome of 

interest and ethnicity (Hispanic or non-Hispanic) as the exposure of interest.  

This regression model was composed of all individual characteristics (age, years 

working in construction, alcohol consumption, and employment status), 

workplace characteristics (number of employees in company and whether health 

insurance is provided by employer), and occupation (carpenter or roofer, painter 

or dry wall worker, laborer, supervisor, or other skilled trades).  Additionally, 

interactions between ethnicity and each occupation were assessed.  Manual 

step-wise backwards elimination was used to remove unnecessary variables 

from the model.  At each step, beginning with interaction terms, the variable 

producing the least significant contribution to the model was removed and the 

Bayesian Information Criteria (BIC) was observed [24].  The model with the 

lowest BIC was retained and is presented.  Significant interaction terms were 

explored by stratifying the regression model without further model reducing 

steps.   

Coefficients (β) values were presented with standard errors (SE), and p-values.  

Associations were considered statistically significant at alpha = 0.05 and 
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interaction was explored at alpha ≤ 0.10   All data was manually entered into 

Microsoft Excel and analyzed in SAS 9.4. (SAS Institute, Cary, North Carolina). 

 

Results 

One hundred and seventy-nine surveys of construction workers were conducted 

and all surveys that were started were completed.  During a sample time frame, 

approximately 64% of eligible non-Hispanics and 69% of eligible Hispanics 

completed the survey over a three day participation rate sample.  The average 

participant was 43 years, approximately half of the respondents worked primarily 

in residential construction (47%), and were temporary employees or self-

employed (47%). The majority worked for companies with less than 10 

employees (75%), did not receive health insurance from work (76%), and drank 

at least one alcoholic beverage a day (63%).   The majority of individuals in the 

study sample were carpenters or roofers (39%), followed by laborers (22%), 

painters and dry wall workers (14%), other skilled trades (14%), and supervisors 

(11%).  Only 2 of the 179 participants were women.   

Among Hispanic workers, 66% (n=38) were born in Mexico, 33% (n=19) were 

born in other Central and South American countries, and one respondent was 

born in the United States (Listed in Table 4.1).  Less than 10% of Hispanic 

respondents spoke exclusively English in their homes.  Hispanic workers were 

significantly younger, were more likely to be self-employed or temporary 

employees, were more likely to work as dry wall/painters or laborers, and less 

likely to be supervisors or roofers/carpenters than non-Hispanic workers.  All 
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demographic and workplace characteristics and statistical comparisons between 

Hispanic and non-Hispanic participants are shown in Table 4.1.  

Table 4.2 displays the individual components (Q1-Q10) and the overall perceived 

safety climate scores and crude comparisons of the scores between Hispanic 

and non-Hispanic participants.  Cronbach’s alpha (0.81) indicated good internal 

consistency of the safety climate measure.  Hispanic participants had 

significantly worse perceived safety climate composite scores than non-

Hispanics (t = -6.23, df = 177, p<0.0001).  Additionally, with the exception of 

attending regular safety meetings (Q4), Hispanic participants responded with 

significantly lower scores for each component than non-Hispanic participants.  

Results from univariate analyses of perceived safety climate score and 

participant characteristics are presented in Table 4.3.  Without adjusting for other 

variables, Hispanic ethnicity, being a temporary or self-employed, not having 

health insurance from work, working for a company with fewer than ten 

employees,  working fewer years in construction, and drinking more than 2 

alcoholic beverages a day were significantly associated with lower perceived 

safety climate scores.  Working in ‘other skilled trade’ and as a laborer were 

significantly associated with lower perceived safety climate, while being 

employed as a supervisor was significantly associated with a higher perceived 

safety climate.    

Table 4.4 presents the results of the multivariate linear regression model for 

perceived safety climate and ethnicity while adjusting for demographic variables, 

work place characteristics, and occupation.  The full regression model included 



 

75 

 

all demographic and workplace characteristics, occupation, and interaction terms 

for each occupation and ethnicity.  After backwards elimination, the final model 

with the best fit was obtained (BIC=925.9).  While adjusting for these variables, 

Hispanic ethnicity, drinking 2 or more alcoholic beverages per day, working for a 

company that does not provide health insurance, and working for a company with 

less than 10 employees were significantly associated with lower perceived safety 

climate scores.  Additionally, the model revealed an interaction between Hispanic 

ethnicity and employment in ‘other skilled trades’ (p=0.0067).   

Table 4.5 presents a multivariate linear regression model stratified by ethnicity.  

Among both Hispanics and non-Hispanics, drinking at least 2 alcoholic 

beverages a day was associated with lower perceived safety climate, though the 

magnitude of association is approximately 25% stronger among Hispanics (β=-

3.35 vs -2.65).  Only among Hispanics, working for a company that does not 

provide health insurance, and being employed in ‘other skilled trades’ are 

associated with lower perceived safety climate scores.  Among non-Hispanics, 

working in a company with less than 10 employees is significantly associated 

with lower perceived safety climate scores.  

 

Discussion 

This study uses a cross-sectional study design to add valuable insight to the 

understanding of construction worker safety and ethnic disparities.  We have 

provided evidence that, among a large group of construction workers, perceived 

safety climate scores, indicative of perceptions of the importance of occupational 



 

76 

 

safety, are lower among Hispanic workers than non-Hispanic workers.  It is 

notable that the lower perceived safety climate scores are not only a reflection of 

lower composite perceived safety climate, but an almost universal lower score for 

each individual component.   Additionally, we found that ethnicity may complicate 

associations between workplace characteristic and perceived safety climate 

among some groups of construction workers, specifically among skilled trade 

occupations. 

In addition to overall lower perceived safety climate among Hispanics, we found 

that working for a company that does not offer health insurance and being 

employed in a skilled trade [other than roofing or carpentry, or paint/dry wall] was 

associated with lower perceived safety climate.  In both Hispanic and non-

Hispanic groups, drinking in excess of 2 alcoholic beverages per day was 

associated with lower perceived safety climate and among non-Hispanic workers, 

working for a company with less than 10 employees was associated with lower 

perceived safety climate.  Also, among Hispanics, this appears to be the case, 

but the association is not statistically significant.   Perceived safety climate 

scores in our overall population (µ= 30.6) and among Hispanic (µ=28.2) and non-

Hispanic (µ=31.9) workers were higher than Arcury’s safety climate study among 

Latino roofers (µ=26.5) and among Latino residential construction workers (µ=23) 

[15, 25]. 

While the association between working as a laborer and a lower perceived safety 

climate was not statistically significant, it is important to recognize the marginal p-

value (p=0.0674).   Attention to laborers’ safety climate is warranted because 
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construction laborers have the highest annual number of fatalities and injuries in 

the construction industry [13, 26].  We were surprised that we did not observe an 

association between carpentry/roofing and perceived safety climate, as these are 

considered to be very risky occupations.  The rate of occupational fatalities 

among roofers is 4.5 times higher [13] and the rate of injury is 20% higher among 

carpenters than other construction workers[26] .  It is possible that carpenters 

and roofers have become more attentive to safety via experiences with risks and 

injuries.  Conventional safety climate models understand safety climate to be an 

antecedent to injury as well as subsequent to injuries, near misses, and 

cumulative safety related experiences [27], therefore a higher safety climate 

score could be the result of dangerous conditions and past injury experiences.   

The results of this study suggest attention should be paid to addressing safety 

climate among Hispanic construction workers.  Little evidence exists supporting 

the use of broad stroke policies such as legislative or regulatory interventions in 

improving construction safety outcomes [28-30].  Hispanic construction workers 

report institutional challenges such as supervisor pressure, competition for jobs, 

and discouragement from raising safety concerns as barriers to workplace safety 

[31].  Additionally, Hispanics in the construction industry have relatively low 

health literacy [32] and report limited use of personal protective equipment (PPE) 

when they felt it limited productivity or was uncomfortable [25].  Low-wage, 

foreign-born Hispanic construction workers reported more frequent hazards at 

work, more frequent injuries, less knowledge of workers’ compensation laws, less 

work training, and less health care access (access to a doctor and health 
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insurance) than their counterparts in other industries [33].  Alternatively, effective 

interventions have focused on participatory approaches that are aware of social, 

economic, and cultural background of Hispanic workers [34].  Effective 

interventions for small businesses/companies have identified and partnered with 

respected intermediaries who have likeminded interest, such as vendors or 

service suppliers [28].  It is also essential to target employers, focusing on their 

obligation to provide safe workplaces [35].  In other industries, such as 

agriculture, community health educators (promotores) have been effective in 

educating workers and their families of occupational risks and promoting safer 

work place behavior [36-38].  These types of models could be effective in 

educating Hispanic construction workers.  

The results of this study must be considered with the understanding of a few 

limitations.  First, as with any cross-sectional study design, we are limited in our 

ability to detect cause and effect relationships.  Additionally, our study sample 

was not representative of the construction industry in Georgia.  Our study sample 

was composed of a greater portion of individuals who work for small companies 

and a greater share of Hispanic workers.  In Georgia, construction companies 

with more than 10 employees employ the largest number of workers [39], while 

our study population was composed of mostly individuals working for smaller 

companies.  Little is known about occupational injury and safety in small 

construction companies because the Occupational Safety and Health 

Administration (OSHA) exempts companies with 10 or fewer employees from 

reporting occupational injuries that do not involve fatalities or hospitalization of 3 
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or more employees [40].  Additionally, it is estimated that 25% of the construction 

labor force in the U.S. is Hispanic [41], while our study sample is composed of 

close to 40%. However, it is possible that our population more closely 

approximates the true percentage of Hispanic workers, as our sample selection 

is inclusive of formal and informal construction employment.  Lastly, the number 

of surveys were based on sample size calculations that estimated an adequate 

population size that was necessary to detect perceived safety climate differences 

between ethnicities, therefore all secondary aims may be under powered due to 

limited sample size.      

In contrast to other safety climate investigations, in other industries, which have 

investigated safety climate among workers who are all employed at the same 

company, we have compiled perceived safety climate from unspecified affiliation.  

While this approach is unconventional in the field of safety climate research, this 

may be the only way to compose a measure of safety climate among this 

population who are largely composed of independent workers and small 

companies.  While safety climate is largely understood to be a company or 

organizational attribute, it has been found to exist at many different tiers of an 

organizational structure [42].  While treating safety climate as a population level 

characteristic may be unconventional, it is not new and has been used in the past 

among construction workers [16, 18, 20].   
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Conclusion 

This study provides evidence that disparities in perceived safety climate exist 

between Hispanic and non-Hispanic construction workers.  The lower perceived 

safety climate scores among Hispanic workers indicate that the perception of the 

importance of safety on the job site is lower among Hispanic construction 

workers than non-Hispanic construction workers.  While disparities exist between 

Hispanic and non-Hispanic construction workers it is important to recognize 

occupational injury is a concern and occupational safety research should be a 

priority for both ethnic groups.  Future studies must investigate the mechanisms 

for which the perceptions of the importance of safety can be improved among all 

construction workers, catering to sub-populations’ characteristics.  
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Table 4.1.  Characteristics of construction workers and comparisons 
between Hispanic (n=58) and non-Hispanic (n=121) respondents in 
Athens, Georgia, 2015 
 

Total N (%) Non-Hispanic N (%) 
Hispanic N 

(%) 
p-value 

Age (Mean years, Std1) 43  (12.1) 46 (12.4) 37 (8.9) <0.00012 

Years working construction (Mean, 
Std1)                

18 (13.2) 9 (7.3) 23 (20.6) <0.00012 

Hours worked per week (Mean, Std1)                44 (14.2) 46 (14.4) 41 (13.7) <0.00012 

Gender 
     Male 
     Female 

 
157 (98.9) 

2 (1.1) 

 
119 (98.3) 

2 (1.7) 

 
58 (100) 

0 
0.32 

Alcohol consumption3     

     None 63 (36.6) 46 (38.3) 17 (32.7) 0.724 

     2 or less drinks/day 88 (51.2) 59 (49.2) 29 (55.8)  

     More than 2/day 21 (12.2) 15 (12.5) 6 (11.5)  

     missing 7 1 6  

Type of Construction     

     Residential 85 (47.5) 54 (44.6) 31 (53.5) 0.464 

     Commercial 25 (14.0) 19 (15.7) 6 (10.3)  

     Residential and commercial 69 (38.6) 48 (39.7) 21 (36.2)  

Language Spoken at Home     

     English 126 (70.4) 121 (100) 5 (8.6) <0.00014 

     Spanish 22 (12.3) 0 22 (37.9)  

     Both 31 (17.3) 0 31 (53.5)  

Health Insurance     

     Yes 43 (24.0) 29 (24.0) 14 (24.1) 0.984 

     No 136 (76.0) 92 (76.0) 44 (75.9)  

Employment Status     

     Permanent Employee 95 (53.0) 71 (58.7) 24 (41.4) 0.034 

     Temporary/Self Employed 84 (46.9) 50 (41.3) 34 (58.6)  

Number of Employees in Company     

    Less than 10 135 (75.4) 97 (80.2) 38 (66.7) 0.264 

     10-25 16 (8.9) 9 (7.4) 7 (12.3)  

     26-50 6 (3.4) 3 (2.5) 3 (5.3)  

     51 or more 21 (11.7) 12 (9.9) 9 (15.8)  

    missing 1 1   

Country of Birth     

     United States 121 (67.6) 121 (100) 1 (1.7)5 <0.00014 

     Mexico 38 (21.2) 0 38 (65.5)  

     Other6 20 (11.2) 0 19 (32.8)  

Occupation7     

     Laborer 40 (22.3) 11 (27.5) 29 (72.5) <0.00014 

     Supervisor 19 (10.6) 17 (14.0) 2 (3.4) 0.034 

     Other skilled trades8 25 (14.0) 19 (15.7) 6 (10.3) 0.334 

     Painter/Dry wall 25 (14.0) 12 (9.9) 13 (22.4) 0.024 

     Carpenter/roofer9 70 (39.1) 62 (51.2) 8 (13.8) <0.00014 
1 Standard Deviation, 2 Student’s t-test, 3 Volume quantity not specified, 4 Chi-squared test, 5 Puerto Rico, 6 El 
Salvador (10), Guatemala (4), Peru (3), Honduras (2), 7 Statistical tests considered each occupation individually 
versus all others., 8Mason (4), electrician (3), flooring installation (3), heating, venting, and air conditioning (3), 
pipe fitter (3), machine operator (2), mechanic (1), plumber (1), welder (1), window installation (1), appliance 
installation (1), concrete worker (1), 6 Carpenters (64) and roofers (6), 9 Carpenters (64) and roofers (6) 
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Table 4.2.  Safety climate individual component scores1 of 
construction workers, Athens GA, 2015 

 
Total 

Mean (StD) 
Non-Hispanic 

Mean (StD) 
Hispanic 

Mean (StD) 
P-value2 

Safety Climate (overall) 30.6 (4.11) 31.9 (3.7) 28.2 (3.9) <.0001 

Q1- Safety practices are very important 
to the management where you work 

3.6 (0.55) 3.8 (0.41) 3.2 (0.57) <.0001 

Q2- Workers are regularly made aware 
of dangerous work practices or 
conditions where you work. 

3.4 (0.65) 3.6 (0.54) 3.0 0.68) <.0001 

Q3- Workers are praised for safe 
conduct where you work. 

3.1 (0.69) 3.2 (0.65) 2.9 (0.73) <0.01 

Q4- Workers received instructions on 
safety. 

3.2 (0.73) 3.3 (0.74) 3.0 (0.69) 0.02 

Q5- Workers attend regular safety 
meetings. 

2.6 (0.84) 2.6 (0.84) 2.7 (0.86) 0.65 

Q6- Proper safety equipment is always 
available. 

3.3 (0.64) 3.5 (0.61) 3.1 (0.60) <.0001 

Q7- Workers have almost total control 
over personal safety. 

3.3 (0.64) 3.4 (0.57) 3.1 (0.48) <0.01 

Q8- Taking risks is not part of my job. 2.7 (0.85) 2.9 (0.90) 2.4 (0.59) <.0001 

Q9- The possibility of being injured at 
work in the next 12 months is not very 
likely. 

2.7 (0.66) 2.8 (0.68) 2.5 (0.54) <0.001 

Q10-Supervisors do as much as 
possible to make my job safe3  

2.6 (0.66) 2.8 (0.55) 2.4 (0.80) <0.01 

1 (1) Strongly disagree, (2) Disagree, (3) Agree, (4) Strongly Agree 
2  Student’s t-tests 
3  (1) Supervisors are only interested in doing the job fast and cheap, (2) Supervisors could do more to 
make my job safe, (3) Supervisors do as much as possible to make my job safe 
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Table 4.3. Unadjusted univariate linear regression for safety 
climate, and  demographic and workplace characteristics, 
among construction workers in Athens, GA, 2015 (n=179) 

 Β1 SE2 p-value 

Ethnicity    

     Non-Hispanic Ref - - 

     Hispanic -3.71 0.59 <0.0001 

Age (years) 0.025 0.03 0.32 

Years working in construction                0.062 0.02 <0.01 

Alcohol consumption    

     None  Ref - - 

     2 or less/day -0.31 0.66 0.64 

     More than 2/day -2.63 1.01 <0.01 

Type of Construction    

     Residential ref - - 

     Commercial 4.14 0.88 <0.0001 

     Residential and commercial 1.11 0.63 0.08 

Employment Status    

     Permanent Employee ref - - 

     Temporary/Self Employed -2.28 -3.44 <0.0001 

Hours per week worked 0.1 0.20 <0.0001 

Health Insurance    

     Yes Ref - - 

     No -3.13 0.68 <0.0001 

Number of employees    

     Less than 10 Ref - - 

     10 or more 2.76 1.43 <0.0001 

Occupations    

     Carpenter/roofers3 0.18 0.63 0.78  

     Supervisor 2.38 0.98 0.02 

     Laborer -2.66 0.71 <0.001 

     Painter/dry wall -0.59 0.88 0.51 

     Other Trades4 -2.20 0.87 0.01  

1 Beta coefficient 
2 Standard error 
3 Carpenters (64) and roofers (6) 
4 Mason (4), electrician (3), flooring installation (3), heating, venting, and air conditioning (3), pipe fitter 
(3), machine operator (2), mechanic (1), plumber (1), welder (1), window installation (1), appliance 
installation (1), concrete worker (1) 
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Table 4.4. Multivariate linear regression for safety climate versus 
verses ethnicity, demographic, and workplace characteristics, 
and occupation (n=179)1 

 Β1 SE2 p-value 

Ethnicity    

     Non-Hispanic Ref - - 

     Hispanic -2.28 0.40 <0.0001 

Alcohol consumption    

     None  Ref - - 

     2 or less/day -1.25 0.54 0.02 

     More than 2/day -3.10 0.80 <0.0001 

Health Insurance    

     Yes Ref - - 

     No -1.76 0.64 <0.01 

Number of employees    

     10 or more  Ref - - 

     Less than 10 -2.42 0.66 <0.001 

Hours per week worked 0.05 0.02 <0.01 

Laborer (versus all other 
occupations) 

-0.64 0.35  0.07 

Other Trade3 (versus all other 
occupations) 

-0.66 0.42 0.12 

Other Trade * Ethnicity -0.98 0.40 0.01  

1 Beta coefficient 
2 Standard error 
3 Mason (4), electrician (3), flooring installation (3), heating, venting, and air conditioning (3), pipe fitter 
(3), machine operator (2), mechanic (1), plumber (1), welder (1), window installation (1), appliance 
installation (1), concrete worker (1) 
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Table 4.5. Multivariate linear regression for safety climate versus 
ethnicity, demographic and workplace characteristics, and occupation 
(n=179) 

 Non-Hispanic (n=121) Hispanic (n=58) 

 Β1 SE2 p-value Β1 SE2 p-value 

Alcohol consumption       

     None  Ref - - Ref - - 

     2 or less/day -1.11 0.63 0.08 -1.87 1.00 0.06 

     More than 2/day -2.8 0.90 <0.01 -3.86 1.53 0.01 

Health Insurance       

     Yes Ref - - Ref - - 

     No -0.90 0.78 0.25 -2.96 1.18 0.01 

Number of employees in Company       

     10 or more  Ref - -    

     Less than 10 -3.4 0.90 <0.0001 -1.83 1.03 0.08 

Hours per week worked 0.06 0.02 <0.01 0.03 0.04 0.42 

Laborer (versus all other occupations) -0.31 0.51 0.54 -0.83 0.51 0.10 

Other Trades3 (versus all other 
occupations) 

0.29 0.44 0.52 -1.95 0.78 0.01 

1 Beta coefficient 
2 Standard error 
3 Mason (4), electrician (3), flooring installation (3), heating, venting, and air conditioning (3), pipe fitter (3), 
machine operator (2), mechanic (1), plumber (1), welder (1), window installation (1), appliance installation (1), 
concrete worker (1) 
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CHAPTER 5 

PERCEIVED SAFETY CLIMATE AND INJURY  

AMONG CONSTRUCTION WORKERS 

 

Introduction 

In 2014, the construction industry in the United States employed close to 10 

million individuals [1].  Of these employed individuals, 200,000 were injured, 

110,000 missed work due to their injuries [2], and 908 were injured fatally [3].    

While the rates of injury in the construction industry have fallen in recent years, it 

is well-documented that occupational injuries are drastically underreported [4-6] 

and the number of construction industry fatalities has increased 16% from 2009.  

Additionally, there has not been recent improvements in the trends of 

construction industry fatality rates [3].   National programs, such as Healthy 

People 2020 and National Construction Agenda have recognized the burden and 

prioritized the reduction of construction industry injuries [7, 8].     

Many risk factors for injury in the construction industry have been identified.   

Larger companies with more than ten employees are considered safer than small 

ones [9, 10] and certain occupations such as laborers and unskilled workers, 

carpenters, and roofers have been associated with higher risks of injury and 

fatalities.  [5, 11, 12].  Additionally, Hispanic workers and working at residential 

construction sites has been associated with increased risks of fatal falls [13, 14].     

Safety culture has been defined as ‘the product of individual and group values, 

attitudes, perceptions and patterns of behavior that determines a team or 
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organization’s commitment to safety management’ [15].  “Safety climate” refers to 

the relative priority of safety in the workplace and workers’ perception of the 

importance of safety over production [16] and is understood as a snapshot of 

safety culture [17-19].  A higher or more positive safety climate is indicative of an 

employee’s greater perception of the importance of safe conduct at their job [20].   

Safety climate has been shown to be a reliable predictor of safety and safety-

related outcomes, such as reduced injury frequency and severity, safe behaviors 

[21], company accident rates [22], and self-reporting injury [23].  In one 

investigation among Hispanic roofers in North Carolina, a moderately significant 

association was found between lower safety climate and increased risk of injury 

[24].    

Attention to safety climate and ethnic injury disparities in the construction industry 

are warranted, as 25% of construction workers are Hispanic and they are injured 

at a disproportionately high rate [25].  While there is literature that associates 

safety climate scores with safety related behaviors (Use of personal protective 

equipment, reporting injuries to supervisors, company accident rates, etc.) [21-

23], there is limited evidence that safety climate is associated with injuries in the 

construction industry and it is unclear if safety climate’s association with injury 

differs by ethnic subgroup.  The goal of this study is to investigate the role of 

ethnicity on the association between workplace injury and perceived safety 

climate among construction workers. 
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Methods 

Data Collection 

Surveys were sampled conveniently at local construction sites and home 

improvement stores in July and August 2015, in Athens, Georgia (GA).  Surveys 

collected a brief demographic profile of the individual, workplace characteristics, 

occupation, and a validated 10-question safety climate measure [26].  The 

surveys were created in English, translated to Spanish and back-translated to 

English to ensure accuracy.  Individuals and groups were approached, asked if 

they were 18 years old and employed in the construction industry.  Individuals 

were not targeted or intentionally oversampled based on race/ethnicity or gender.  

On construction sites, a manager was identified and asked for approval to 

request the participation of their workers.  At home improvement stores, all 

individuals exiting the stores were approached.  Each individual was told the 

purpose of the survey, read an informed consent script, and informed of the 

project incentive.  Participation consent was accepted verbally.  Willingness to 

participate in the survey was tallied over a 3 day sample in order to calculate 

participation rate.  All surveys were administered by study personnel in order to 

ensure that all survey questions were answered.  Surveys conducted in Spanish 

were administered by a native Spanish language speaker and all surveyors were 

fluent in English.  Our investigation did not ask foreign-born Hispanic workers to 

reveal their migration status.   As an incentive for participation, a $5 donation for 

each respondent was contributed to the Boys and Girls Club of Athens, GA.   
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The safety climate measure used in the current study was developed for 

construction workers and evolved from Zohar’s inaugural work on safety climate 

measurement [20, 27, 28].  It was chosen for its simplicity/brevity and previous 

effective use in construction industry research among Hispanic populations [5, 

26].  The safety climate measurement tool is composed of 10 questions (listed in 

Table 5.2) and is summed for a total score with a minimum of 10 and maximum 

of 39.  A higher score is indicative of a safer work environment as perceived by 

the worker.  

In addition to perceived safety climate, individuals were asked their age, the 

number of years they worked in construction, the typical number of alcoholic 

beverages they drink per day,  then number of workers in their company (less 

than 10, 10-25 workers, 26-50 workers, or 51+ workers) their ethnicity/race, and 

their usual occupation.  Additionally, we inquired their employment status 

(permanent or temporary), their type of construction (residential, commercial, or 

both), and whether they receive health insurance from work.  All individual were 

asked their country of birth and the language(s) spoken in their household.  

Lastly, we asked the participants if they had any injuries that limited their ability to 

do their job in the previous 3 years.  If they had been injured, they were asked to 

describe how the injury happened, whether they missed work due to the injury, 

what type of medical treatment they received (hospital or doctor, first aid, or 

none), whether they reported the injury to a supervisor, or whether they filed for 

workers compensation.         
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All study procedures and survey instruments were approved by the University of 

Georgia’s Institutional Review Board for Human Subjects Research.  

Implementation 

 

Data Analysis    

Participant demographic and workplace characteristics were summarized and 

chi-square and t-test analyses were performed to detect statistical differences 

between injured and non-injured workers.  Pearson correlation coefficients were 

calculated for all workplace characteristics, and the Shapiro-Wilks test was used 

to assess normality of safety climate scores.  Perceived safety climate scores 

and its individual components were presented and compared between injured 

and non-injured participants using t-tests.  Cronbach’s alpha was computed for 

the perceived safety climate score’s components in order to test for internal 

consistency on the scale.    

Multivariate logistic regression was used to examine the association between 

perceived safety climate scores (10-39) and injury in the previous 3 years (yes or 

no), while adjusting for other variables. The full logistic regression model 

considered injury as the outcome of interest, previous risk factors (occupation, 

number of employees, number of hours worked per week, and type of 

construction), and other individual and workplace characteristics (age, alcohol 

consumption, employment status, work provided health insurance).  A logistic 

regression model was performed for the total population and stratified by 
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ethnicity based on our a priori hypothesis.  Manual backwards elimination was 

used for each model, eliminating the variable with the highest p-value and 

examining the Akaike information criterion (AIC) at each step [29].  The model 

with the lowest AIC was retained and presented with previously known risk 

factors preserved in the model.  Coefficients (β) values were presented with 

standard errors (SE), and p-values.   

Injury characteristics were presented and compared between Hispanics and non-

Hispanic construction workers using chi-square tests.  Among participants who 

had been injured, a logistic regression model was used to examine the 

association between perceived safety climate and reporting an injury to a 

supervisor, while adjusting for other variables.  Similar to previous logistic 

regression model, manual backward elimination, examining each model’s AIC 

was used to find the best fitting model.            

Associations were considered statistically significant at alpha = 0.05. All data was 

manually entered into Microsoft Excel and analyzed in SAS 9.4. (SAS Institute, 

Cary, North Carolina). 

 

Results 

One hundred and seventy-nine surveys of construction workers were completed 

and all surveys that were started were completed.  Table 5.1 displays the 

characteristics of the survey participants.  Approximately 64% of eligible non-

Hispanics and 69% of eligible Hispanics completed the survey (sampled 3 days).   
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The average age of the participants was 43 years (range: 19-70 years), 

approximately half of the respondents worked primarily in residential construction 

(47%), and were temporary employees or self-employed (47%). The majority 

worked for companies with less than 10 employees (75%), did not receive health 

insurance from work (76%), and drank at least one alcoholic beverage a day 

(63%).   The majority of individuals in the study sample were carpenters or 

roofers (39%), followed by laborers (22%), painters and dry wall workers (14%), 

other skilled trades (14%), and supervisors (11%).  Only two of the 179 

participants were women.  Of the total sample, 51 (28%) reported having had 

been injured in a way that limited their work in the previous 3 years.   

Characteristics and comparisons of injured and non-injured participants are 

presented in Table 5.1.  Of the Spanish-speaking participants, those who were 

injured were more likely to speak both Spanish and English in their household, 

rather than only Spanish (p=0.02; Table 5.1).  Painters and drywall workers were 

less likely to be injured than individuals who did not work in those professions.  

There were no other statistically significant differences between those who had 

been injured or not in the previous 3 years. 

Table 5.2 displays the individual components (Q1-Q10) and the overall perceived 

safety climate scores and crude comparisons of the scores between injured and 

non-injured participants.  Cronbach’s alpha (0.81) indicated good internal 

consistency of the perceived safety climate measure.  There was no significant 

difference in perceived safety climate scores between those who were injured 
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(µ=30.0) and not injured (µ=30.9).  With the exception of Q9, there were no 

significant differences in the individual safety climate component scores between 

injured and non-injured participants.   Participants who were not injured in the 

previous 3 years were significantly less likely to believe that they would be 

injured in the next 12 months (p<0.0001; Table 5.2, Q9).  Workers who had not 

been injured appear to have higher scores for Q4 (workers receive instructions 

on safety) and Q8 (taking risks is not part of my job), though the difference is not 

statistically significant.   

Table 5.3 presents the results of the multivariate logistic regression model for 

injury in the previous 3 years and perceived safety climate, while adjusting for 

confounding variables.  All individual and workplace characteristics were 

removed in the backwards elimination process, and only previous risk factors 

were preserved.  After adjusting for the type of construction performed 

(residential vs. residential and commercial), the number of employees in 

company (less than 10 vs. 10 or more), and occupation, there was not a 

significant association between perceived safety climate scores and injury in the 

previous 3 years.  The stratified analysis, based on a priori hypothesis, revealed 

the same null association in both Hispanic and non-Hispanic populations.   

Sensitivity analyses considered only injuries that resulted in one or more full 

day(s) of work missed and medical treatment provided by a physician or hospital.  

This injury definition more closely approximated the U.S. Department of Labor’s 

Occupational Safety and Health Administration’s (OSHA) definition of reportable 
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injury that requires companies with over 10 employees to report death, days 

away from work, restricted work or transfer to another job, medical treatment 

beyond first aid, or loss of consciousness [30].  There were no differences in the 

results of the analysis using this injury outcome.   

Table 5.4 displays the characteristic of injuries among the 51 participants who 

reported an injury in the previous 3 years.  The majority of respondents (69%) 

missed less than a full day of work due to their injury and over half (55%) 

received treatment at the hospital or doctor’s office.  Fifty three percent reported 

their injury to their supervisor and an overwhelming majority (90%) did not apply 

for federal workers compensations.  The majority of injury events were due to 

contact with objects and equipment (47%), followed by falls (22%) and 

overexertion (22%).  The characteristics of injuries did not differ significantly 

between Hispanic and non-Hispanic workers, though non-Hispanic participants 

appeared to receive medical treatment from hospitals and doctors more often 

than Hispanic participants though this association is not statistically significant (p 

= 0.06; Table 5.4).         

Table 5.5 displays a multivariate logistic regression model for the association 

between perceived safety climate and reporting an injury to a supervisor among 

those who had experienced an injury in the previous 3 years.  Analysis revealed 

no significant association between perceived safety climate and reporting an 

injury to supervisor while adjusting for employment status, ethnicity, alcohol 

consumption and type of construction.  Individuals who worked in commercial 
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construction or a combination of commercial and residential construction were 

significantly more likely to report their previous injury to a supervisor.   

 

Discussion 

This study has provided novel understanding of the relationship between safety 

climate and construction site injuries with a focus on the role of ethnicity.  Among 

a group of construction workers in Athens, GA we did not find an association 

between perceived safety climate and previous recent occurrence of injury.  

Additionally, we found that the null association between injury and perceived 

safety climate was not modified by ethnicity.   

Our results are not completely out of line with other research that did not find 

positive associations between safety climate and reduced injuries [31].  This 

study sampled a population of individual workers, while conventional methods 

typically include individuals within groups or organizations.  The lack of affiliation 

may serve as a barrier for workers to communicate and learn about others’ 

injuries and experiences, limiting the effect of others’ experiences on their own 

perceptions of the importance of safety and safe behaviors.  This presents a 

challenge for the expansion of safety climate research in the construction 

industry that should be aiming to include this population of independent 

individuals and small companies as a priority.    Safety climate investigations in 

the construction industry present challenges that are unique compared to other 

industries.  Construction industry employment is inherently risky and presents 
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uniquely dynamic risk [32].  Compared to other industries construction workers 

are more dependent on their own personal behavior to reduce risk of injury [32].  

Additionally, construction site locations are often changing and separate from 

management facilities and offices enhancing the disconnect between 

management and worker safety activities [33]. 

The characteristics of injury among our sample populations differ from what was 

expected.  In our sample, the leading injury event was contact with objects or 

equipment, followed by falls and over exertion.  In 2014, in the U.S. the leading 

cause of injury on construction sites was overexertion (33%), followed by falls 

(27%), and contact with objects and equipment (22%)[2].  Our population had a 

relatively high proportion of carpenters and other skilled workers that may expose 

them to specialized and dangerous equipment.  Among our population of 

Hispanic workers, those who spoke both English and Spanish at home were 

more likely to have been injured than those who just spoke Spanish.  It is 

possible that being bilingual expands workers abilities to participate in more 

tasks, elevating their risk of injury. 

Among our population there were few individuals who filed for workers 

compensation, none of which were Hispanic.  The association was not statistical 

significant, but it appears that Hispanic workers are less likely to report their 

injury to a supervisor and are less likely to receive treatment from their injury at a 

hospital or with a doctor. Additionally, individuals who work in commercial 

construction are more likely to report an injury to a supervisor.  Surveillance 
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improvement efforts that attempt to more fully capture the occurrence of injuries 

in the construction industry should consider these factors.   In order to confirm 

these associations definitively, further research is necessary that includes a 

larger sample of injured individuals.    

Perceived safety climate scores in our overall population (µ= 30.6), among 

Hispanic (µ=28.2) and non-Hispanic (µ=31.9) workers were higher than 

Arcury’s safety climate study among Latino roofers (µ=26.5) and among 

Latino residential construction workers (µ=23) [4, 10].  The populations all 

reported lower component scores regarding safety meetings, and 

supervisors doing as much as possible to make the job site safe.  Our 

population responded very highly that worker safety practices were very 

important to the management, while the populations in Arcury’s study 

were less agreeable.  The differences may be due to the large amount of 

workers in our population who work in small companies which may 

increase the familiarity workers have with their supervisor.  

While this investigation presents many strengths, some limitations need to be 

acknowledged.  First, this study presents the results of a cross-sectional survey, 

which is limited in its ability to detect cause-and-effect relationships.    While 

safety climate is generally considered an antecedent to injury occurrence, it is not 

implausible that the occurrence of an injury could encourage a worker to place 

increased value to the importance of safety resulting in injury occurrence being 

associated with higher safety climate scores.  In order to determine the temporal 
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sequence of safety climate and injury, a prospective cohort study is necessary 

that begins with a group of uninjured construction workers, measures safety 

climate, and followed over time.  An additional limitation is this investigation’s 

inability to be generalized to the overall GA construction industry.  Our study 

sample was composed of a greater percentage of individuals who work for small 

companies than GA’s population of construction workers.  In GA, construction 

companies with more than 10 employees employ the largest number of workers 

[34], while our study population was composed of mostly individuals working for 

smaller companies.  This is the result of our participant recruitment. While this 

can be considered a limitation, it is also an advantage of our study.  The large 

proportions of workers that are part of smaller companies (less than 10 

employees) are not captured by OSHA occupational injury surveillance.  

Additionally, while our investigation cannot be interpreted as providing 

generalizable rates of injury, we have provided evidence that there is a very high 

burden of injuries among this specific population (18% the in last year).   Lastly, 

the calculations that were used to estimate the sample size for this investigation 

considered the ability to detect differences in safety climate scores between 

injured and non-injured workers.  Our secondary outcomes, specifically reporting 

injuries to a supervisor, do not have adequate sample size for making firm 

conclusions.      

Future research should address increasing communication between unaffiliated 

and autonomous workers that in part addresses the communication of the 
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occurrence of injury.  Additionally, the supervisor-worker relationship should be 

explored in order to understand how supervisors are best able to fulfill their role 

of maximizing safety on site.  The best place for this to happen may be at 

locations in which workers congregate, such as hardware stores or restaurants 

that are frequented by construction workers.  Among Hispanic workers in other 

industries, community health educators (promotores) have been shown to be 

effective in promoting occupational safety [35-37].    

 

Conclusion 

It is clear that injuries in the construction industry are an important and 

burdensome issue.  Our research did not corroborate disparities in risk of injuries 

between Hispanic and non-Hispanic construction workers that are present in 

surveillance data.  Instead, the current study provides evidence that attention to 

construction industry injuries is justified across ethnicities, while paying attention 

to cultural differences that may challenge interventions. 
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 Table 5.1.  Characteristics of construction workers and comparisons 
between injured (n=51) and non-injured (n=128) respondents in Athens, 
Georgia, 2015 
 Total N (%) Injured N (%) Not Injured N (%) p-value 

Age (Mean years, Std1) 43  (12.1) 43 (12.2) 43 (12.1) 0.972 

Years working construction (Mean years, Std1) 18 (13.2) 19 (12.5) 18 (13.6) 0.882 

Hours per week worked 44 (14.3) 45 (13.3) 43 (14.7) 0.662 

Gender     

     Male 177 (98.9) 51 (100) 126 (98.4) 0.373 

     Female 2 (1.1) 0 (0) 2 (1.6)  

Ethnicity     

     Hispanic 58 (32.4) 18 (35.3) 40 (31.3) 0.603 

     Non-Hispanic 121 (67.6) 33 (64.7) 88 (68.8)  

Alcohol consumption     

     None 63 (36.6) 18 (38.3) 45 (36.0) 0.913 

     2 or less drinks/day 88 (51.2) 24 (51.1) 64 (51.2)  

     More than 2/day 21 (12.2) 5 (10.6) 16 (12.8)  

     missing 7 4 3  

Type of Construction     

     Residential 85 (47.5) 25 (49.0) 60 (46.9) 0.593 

     Commercial 25 (14.0) 5 (9.8) 20 (15.6)  

     Residential and commercial 69 (38.6) 21 (41.2) 48 (37.5)  

Language Spoken at Home     

     English 126 (70.4) 34 (66.7) 92 (71.9) 0.033 

     Spanish 22 (12.3) 3 (5.9) 19 (14.8)  

     Both 31 (17.3) 14 (27.5) 17 (13.3)  

Health Insurance     

     Yes 43 (24.0) 12 (23.5) 31 (24.2) 0.923 

     No 136 (76.0) 39 (76.5) 97 (75.8)  

Employment Status     

     Permanent Employee 95 (53.1) 28 (54.9) 67 (52.3) 0.763 

     Temporary/Self Employed 84 (46.9) 23 (45.1) 61 (47.7)  

Number of Employees in Company     

    Less than 10 135 (75.8) 42 (82.4) 93 (73.2) 0.233 

     10-25 16 (9.0) 5 (9.8) 11 (8.7)  

     26-50 6 (3.4) 2 (3.9) 4 (3.2)  

     51 or more 21 (11.8) 2 (3.9) 19 (15.0)  

    missing 1 0 1  

Country of Birth     

     United States 122 (68.2) 33 (64.7) 89 (69.5) 0.143 

     Mexico 38 (21.2) 15 (29.4) 23 (18.0)  

     Other4 19 (10.6) 3 (5.9) 16 (12.5)  

Occupation5     

     Laborer 40 (22.3) 11 (21.6) 29 (22.7) 0.873 

     Supervisor 19 (10.6) 5 (9.8) 14 (10.9) 0.823 

     Other skilled trades6 25 (14.0) 7 (13.7) 18 (14.0) 0.953 

     Painter/Dry wall 25 (14.0) 3 (5.9) 22 (17.2) 0.053 

     Carpenter/roofer7 70 (39.1) 25 (49.0) 45 (35.2) 0.093 
1 Standard Deviation, 2 Student’s t-test, 3 Chi-squared test, 4 El Salvador (10), Guatemala (4), Peru (3), Honduras (2), 5 Statistical tests considered each 

occupation individually versus all others., 6 Mason (4), electrician (3), flooring installation (3), heating, venting, and air conditioning (3), pipe fitter (3), machine 
operator (2), mechanic (1), plumber (1), welder (1), window installation (1), appliance installation (1), concrete worker (1), 7 Carpenters (64) and roofers (6)  
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Table 5.2.  Perceived safety climate individual component scores1 of 
construction workers by recent occupational injury, Athens GA, 2015 

 
Total 

Mean (StD) 
(n=179) 

Injured 
Mean (StD) 

(n=51) 

Not Injured 
Mean (StD) 

(n=128) 
P-value2 

Safety Climate (overall) 30.7 (4.1) 30.0 (4.3) 30.9 (4.0) 0.19 

Q1- Safety practices are very important to the 
management where you work 

3.6 (0.55) 3.6 (0.57) 3.6 (0.54) 0.74 

Q2- Workers are regularly made aware of dangerous 
work practices or conditions where you work. 

3.4 (0.65) 3.4 (0.78) 3.4 (0.60) 0.78 

Q3- Workers are praised for safe conduct where you 
work. 

3.1 (0.69) 3.1 (0.83) 3.1 (0.63) 0.93 

Q4- Workers received instructions on safety. 3.1 (0.73) 3.0 (0.86) 3.2 (0.67) 0.13 

Q5- Workers attend regular safety meetings. 2.6 (0.84 2.5 (0.88) 2.7 (0.82) 0.08 

Q6- Proper safety equipment is always available. 3.3 (0.64) 3.4 (0.10) 3.3 (0.05) 0.35 

Q7- Workers have almost total control over personal 
safety. 

3.3 (0.56) 3.3 (0.08) 3.3 (0.05) 0.99 

Q8- Taking risks is not part of my job. 2.7 (0.85) 2.6 (0.84) 2.8 (0.88) 0.22 

Q9- The possibility of being injured at work in the 
next 12 months is not very likely. 

2.7 (0.66) 2.4 (0.61) 2.8 (0.64) <0.0001 

Q10-Supervisors do as much as possible to make 
my job safe2  

2.6 (0.66) 2.7 (0.09) 2.6 (0.06) 0.62 

1 (1) Strongly disagree, (2) Disagree, (3) Agree, (4) Strongly Agree 
2  Student’s t-tests 
3  (1) Supervisors are only interested in doing the job fast and cheap, (2) Supervisors could do more to make my job 
safe, (3) Supervisors do as much as possible to make my job safe 
Note: Cronbach’s alpha = 0.81 
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Table 5.3. Logistic regression model for recent injury (In previous 3 
years) and safety climate, adjusting workplace characteristics and 
stratified by ethnicity, among construction workers in Athens, GA 
(n=179) 

 All Hispanic Non-Hispanic 

 OR1 95% C.I.2 OR1 95% C.I.2 OR1 95% C.I.2 

Safety Climate 1.09 0.99-1.20 1.13 0.92-1.37 1.04 0.91-1.18 

Hours per week worked (5 
hour increments) 

0.93 0.81-1.06 0.88 0.65-1.19 0.77 1.07 

Type of Construction       

     Residential ref - ref - ref - 

     Residential and 
commercial 

0.91 0.43-1.93 0.16 0.03-0.85 1.69 0.65-4.35 

Number of employees       

     Less than 10 ref - ref - ref - 

     10 or more 1.60 0.59-4.10 6.73 1.02-44.3 0.83 0.20-2.13 

Occupations5       

     Carpenter/roofers3 0.73 0.22-2.45 1.76 0.06-51.6 0.53 0.13-2.13 

     Laborer 1.26 0.33-4.79 0.24 0.24-167.5 1.44 0.26-8.03 

     Painter/dry wall 3.20 0.61-16.68 14.6 0.42-508.4 0.81 0.13-5.18 

     Other Trades4 0.84 0.20-3.52 0.82 0.02-37.0 2.85 0.24-34.0 

1 Beta coefficient 
2 Standard error 
3 Carpenters (64) and roofers (6) 
4 Mason (4), electrician (3), flooring installation (3), heating, venting, and air conditioning (3), pipe fitter (3), machine 
operator (2), mechanic (1), plumber (1), welder (1), window installation (1), appliance installation (1), concrete 
worker (1) 
5 Statistical tests considered each occupation individually versus all others.  
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Table 5.4. Characteristics of injuries among surveyed construction 
workers, Athens GA, 2015 (n=51) 

 Total Hispanic Non-Hispanic  

 N (%) N (%) N (%) p-value 

Days of Work Missed    

0.68      Less than 1 35 (68.6) 13 (72.2) 11 (33.3) 

     1 or more 16 (31.4) 5 (27.8) 22 (66.7) 

Years ago    

0.97 
     1 32 (62.7) 11 (61.1) 21 (63.6) 

     2 14 (27.5) 5 (27.8) 9 (27.3) 

     3 5 (5.9) 2 (11.1) 3 (9.1) 

Received Medical Treatment    

0.06 
     Hospital/Doctor 28 (54.9) 7 (38.9) 21 (63.6) 

     First Aid 21 (41.2) 9 (50.0) 12 (36.4) 

     None 2 (3.9) 2 (11%) 0 (0) 

Reported Injury to Supervisor    

0.14      Yes 27 (53.0) 7 (38.9) 20 (60.6) 

     No 24 (47.1) 11 (61.1) 13 (39.4) 

Applied for Workers 
Compensation 

   

0.08      Yes 5 (9.8) 0 (0) 5 (15.1) 

     No 46 (90.2) 18 (100) 28 (84.9) 

Event    

0.38 

     Contact with 
objects/equipment 

24 (47.1) 8 (44.4) 16 (48.5) 

     Fall 11 (21.6) 2 (11.1) 9 (27.3) 

     Overexertion 11 (21.6) 6 (33.3) 5 (15.2) 

     Animal 1 (2.0) 0 (0) 1 (3.0) 

     Exposure 4 (7.8) 2 (11.1) 2 (6.1) 

Nature    

0.26 

     Muscles/tendons/joints 15 (29.4) 6 (33.3) 9 (27.3) 

     Surface Injury 14 (27.5) 6 (33.3) 8 (24.2) 

     Open Wounds 13 (25.5) 3 (16.7) 10 (30.3) 

     Broken Bones 6 (11.8) 1 (5.6) 5 (15.2) 

     Burns 2 (3.9) 2 (11.1) 0 (0) 

     Environment 1 (2.0) 0 (0) 1 (3.0) 
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Table 5.5. Logistic regression model for reporting Injury to supervisor 
(most recent injury in previous 3 years) and safety climate, adjusting 
for demographic and workplace characteristics, among construction 
workers in Athens, GA, (n=51) 

 OR1 95% CI2 

Safety Climate 0.90  0.73-1.10 

Ethnicity   

     Non-Hispanic ref - 

     Hispanic 1.70 0.97-3.04  

Employment Status   

     Temporary ref - 

     Permanent 3.08 0.73-13.11  

Alcohol consumption   

     None ref - 

     2 or less drinks/day  3.02 0.56-16.24  

     More than 2/day 10.95 0.58-206.12 

Type of Construction   

     Residential  ref - 

     Residential and commercial 8.17 1.33-50.39  

1 Odds Ratio 
2 95% Confidence Interval 
3 Carpenters (64) and roofers (6) 
4 Mason (4), electrician (3), flooring installation (3), heating, venting, and air conditioning (3), pipe fitter (3), 
machine operator (2), mechanic (1), plumber (1), welder (1), window installation (1), appliance installation (1), 
concrete worker (1) 
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CHAPTER 6 

CONSTRUCTION INDUSTRY EMPLOYMENT AND MORTALITY AMONG 

MEXICAN IMMIGRANTS IN THE  

SOUTHEASTERN UNITED STATES, 2003-2013 

 

 

Introduction 

In 2013, occupational injury affected over 3% of the United States (US) working 

population [1], resulting in 4,405 fatalities [2]  and disproportionately impacting 

Hispanic workers [3].  The total days of work lost due to occupational injury 

exceeded 1.1 million in 2013[ 1], and is estimated to cost Americans close to 

$250 billion in direct and indirect costs each year [4]. 

 In 2013 there were 856 construction fatalities in the US, making construction the 

industry leader in the number of occupational fatalities [2].  In 2013, the 

occupational mortality rate was about three-fold higher in the construction 

industry than in all industries combined (8.9 vs. 3.1 deaths per 100,000 workers).  

Additionally, the rate of construction-related fatalities among Hispanic workers 

was approximately 15% higher than non-Hispanic workers (9.9 vs. 8.6 fatalities 

per 100,000 workers) and there have not been improvements among either 

group over recent years [2, 5].  Moreover, foreign-born Hispanic workers are at 

greater risk for occupational fatalities than their native-born counterparts [6, 7], 

and in 2014, 40% of foreign-born occupational fatalities were from Mexico [2].   
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The Hispanic population comprises approximately 25% of the construction 

worker population throughout the U.S. Approximately half of these workers are 

foreign-born; the majority of these are of Mexican descent. [5, 8].  In recent years 

the construction industry has employed approximately 5% of the total population 

in the Southeastern United States (SEUS) [9].  In Georgia alone, privately-owned 

construction companies employed 155,000 individuals in 2014, an 11% increase 

from 2012 [9].  The Hispanic  population grew 2 to 3.5 times faster in the SEUS 

than the U.S. as a whole from 2000-2010 and is a priority focus for public health, 

recognized by the National Institute for Occupational Safety and Health’s 

National Occupational Research Agenda [8, 10].    

Research has shown that Hispanic and foreign-born workers have higher rates of 

fatalities in certain occupations and are more likely to take risks in their jobs [6, 7, 

11]. Hispanic construction workers identified supervisor pressure, competition for 

jobs, and intimidation against raising safety concerns as barriers to workplace 

safety [12].  These same groups also display relatively low health literacy [13] 

and poorer use of personal protective equipment (PPE) when they felt it limited 

productivity or was uncomfortable [14].  The literature is mixed regarding the role 

of language in construction safety.  In some studies, language is reported as a 

barrier to workplace safety [12] and for some it is not [3, 13].  Lastly, conventional 

trainings targeting assertiveness have been less effective among Hispanic than 

non-Hispanic workers [15], and may not be adequately adapted to the needs of 

the diverse Hispanic population.   
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This study presents an occupational mortality analysis of deaths from an 

understudied and marginalized population.  The purpose of this study was to 

investigate occupational and non-occupational mortality among Mexican 

immigrants in the SEUS.  We investigate which construction industry occupations 

are most associated with occupational fatalities and whether construction 

industry employment is associated with non-occupational causes of death.   

 

Methods 

The Consulate General of Mexico in Atlanta is overseen by the Mexican 

Secretary of Exterior Relations and is one of 50 diplomatic offices in the U.S. that 

act to assist and protect all Mexican citizens in the U.S.  The Consulate General 

of Mexico in Atlanta serves Mexican nationals in Georgia, Alabama, and eastern 

Tennessee (east of Nashville).  Data used in this analysis have been abstracted 

from publicly accessible death certificates maintained by the Consulate General’s 

Office of Protection. The population for this analysis included all deaths of 

Mexican nationals who resided in Georgia, Alabama, and eastern Tennessee 

and whose bodies were repatriated to Mexico.  All individuals were 15 years or 

older and were reported to the Consulate General of Mexico in Atlanta between 

the years 2003-2013.   

Data were abstracted from death certificates, including the individuals’ gender, 

age, manner of death (accidental, natural, homicide, or suicide), occupation, and 

industry. Industry and occupations were coded using National Institute of 
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Occupational Safety and Health’s Industry and  Occupation  Coding Systems 

[16], based on 2010 Standard Occupation Classification System (SOC) [17] and 

2012 North American Industry Classification System (NAICS) [18].  NAICS and 

SOC are the standard classifications used in U.S. federal statistics to classify 

workers into occupational and industry categories.   

 

Data Analysis  

Age-adjusted Standardized Mortality Rates (SMR) were used to compare 

proportions of occupational-related deaths between construction industry 

occupations. Logistic regression models were used to examine the relationship 

between manners of death not related to occupation and employment in the 

construction industry (yes or no).  Bivariate comparisons, SMR’s, and logistic 

regression analyses were restricted to the male population due to the small 

number of female construction workers (<1%).  Sensitivity analysis, including all 

females, were performed in order to determine how their removal impacted the 

study’s results.    

Population characteristics were presented for the entire study population and 

events leading to death were presented for individuals in the construction 

industry. Bivariate comparisons of population characteristics were made between 

individuals working in construction industries and other industries using chi 

square tests and t-tests.   
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Indirect age-standardized mortality ratios were calculated using five-year age 

increments with the overall study population as the standard population. SMRs 

were calculated for each construction occupation with over five occupational 

deaths.  This resulted in four occupational categories used in the analysis: 1) 

carpenter, 2) roofer, 3) mason, 4) laborer, with the remaining occupations 

grouped as ‘other’.  Based on the age distribution of the entire study population 

the number of expected deaths was calculated for each occupation-specific age 

strata, and added together. The age-adjusted SMR was calculated by dividing 

the observed number of deaths by the expected number of deaths for each 

occupation.  Ratios greater than 1.0 indicated having more occupational deaths 

than expected, and ratios less than 1.0 indicated fewer.  Statistical significance of 

the SMR’s was assessed using 95% confidence intervals [19].   

Logistic regression was used to assess whether being a construction industry 

worker was associated with non-work related fatalities, while adjusting for age.   

There were no model reduction steps.  Occupation was the primary exposure of 

interest and age was forced into the model because of its inherent association 

with death.  In order to compare each manner of death to all others and because 

the manners of death are mutually exclusive, separate logistic regression models 

were analyzed for each (accident, natural, homicide, suicide, and unknown).  

Adjusted odds ratios with 95% confidence intervals (CI) were presented 

Associations were considered statistically significant at α≤0.05 and all statistical 

analyses were performed using S.A.S. 9.3 (SAS Institute, Cary, NC, USA). 
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Results 

Demographic characteristics of the study population are presented in Table 6.1.  

Data from 3,093 death certificates of Mexican citizens from 2003-2013 who were 

15 years and older and resided in Georgia, eastern Tennessee, or Alabama at 

the time of death were included in the analysis.  The majority of the population 

were Georgia residents (65%), followed by Alabama and eastern Tennessee 

(17% and 18%, respectively).  The median age of death was 33 years and the 

majority were males (83%).  The most common manner of death was accidental 

(36%), followed by natural death (35%), homicide (15%), and suicide (4%).  

Approximately 10% of death certificates abstracted indicated either pending 

investigation, undetermined, or were missing.  One hundred and seventy-three 

(5.6%) of the deaths were recorded as occupationally related.  The industry that 

employed the largest percent of the populations was construction (38%), followed 

by agriculture/forestry/fishing/hunting (12%), manufacturing (9%), leisure and 

hospitality (9%), and professional and retail services (7%).  

Table 6.2 displays the frequency of occupational fatality causes among 

construction workers.  The majority of deaths were the result of falls (48%), 

followed by contact with objects or equipment (29%), and transportation 

accidents (13%).  Additionally, fatalities came from electrocution (n=2), homicide 

(n=2), lightning (n=2), heat stroke (n=1), and complications from work-related 

injury due to lasting infection (n=2).  
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Due to the overwhelming frequency of males employed in the construction 

industry (99.3%), 529 females were excluded from the remaining analysis 

resulting in 2,564 individuals.  Bivariate comparisons of population characteristics 

for construction and other industries are presented in Table 6.3. There were no 

significant differences between frequencies of population employed in the 

construction industry by resident state (χ2=1.6, df=2, p<0.4510; Table 6.3).  The 

age of death of individuals in the construction industry was significantly younger 

than individuals employed in all other industries (33 vs. 40 years, t=-7.4, df=2501, 

p<0.0001; Table 6.3) and there were significant differences in manner of death 

between construction and other industry (χ2=51.8, df=4, p<0.0001; Table 6.3).  

Individuals who were employed in the construction industry had a higher 

proportion of death from accidental causes and homicide than other industries 

and lower proportions of natural death than individuals in other industries.  There 

were more individuals from the construction industry who have missing, 

undetermined or pending manners of death.  The percent of occupational death 

in the construction industry workers was approximately 2 times higher versus 

workers in all other industries (p<0.0001).    

Age-adjusted standardized mortality ratios for occupational fatalities were 

calculated for the construction industry overall and the leading occupations with 

five or more individuals (Table 6.4). Over 75% of the individuals employed in the 

construction industry worked in four occupations; laborer (60%), carpenter (7%), 

mason (5%), and roofer (4%).  The SMR reveals a significantly higher proportion 
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of occupational deaths among the construction workers compared to other 

workers (SMR= 1.31, 95% CI: 1.07-1.58).  While most construction industry 

occupations showed higher numbers of deaths than expected, carpentry (SMR 

=2.25, 95% CI: 1.20-3.83) and roofing (SMR =2.32, 95% CI: 1.12-4.26) were the 

only occupations that showed excessive deaths that were statistically significant.   

Table 6.5 illustrates construction employment status and manners of death 

among Mexican males in Georgia, Alabama, and eastern Tennessee.  

Employment in the construction industry is suggestive of greater risk of an 

accidental death (OR=1.15, 95% CI: 0.98-1.36) or homicide (OR=1.18, 95% CI: 

0.95-1.45), although these associations were not statistically significant.  

Employment in the construction industry was significantly associated with a 

decreased risk of natural death (OR=0.70, 95% CI 0.57-0.86) or suicide 

(OR=0.63, 95% CI: 0.42-0.92) as compared to employment in other industries 

while adjusting for age.  Post hoc analysis revealed significant associations 

between occupationally related falls and carpenters (χ2=5.3, df = 1, p=0.0210) 

and roofers (χ2=21.9, df = 1, p<0.0001).  In each logistic regression model, 

younger age of death was significantly associated with employment in the 

construction industry (p<0.0001).  Sensitivity analysis, including males and 

females, showed no meaningful differences in the SMR results versus our 

analysis that excluded females. 
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Discussion 

The purpose of this study was to examine associations between employment in 

the construction industry and mortality among Mexican immigrants in the 

SEUS.  This investigation confirms that the proportion of individuals who die from 

occupational injuries is higher among construction workers than individuals 

employed in other industries. Additionally, we found that employment in the 

construction industry was protective against suicide and death from natural 

causes among Mexican immigrants in Georgia, Alabama, and eastern 

Tennessee. 

In 2013, the leading causes of U.S. occupational fatalities in construction were 

falls (36%), transportation (27%), and contact with objects and equipment (17%)  

[2].  The top three causes of occupational fatalities is the same among the 

population in our study, but the distribution differs significantly (χ2=15.3, df = 2, 

p=0.0005).  The SEUS Mexican immigrant population is more susceptible to falls 

and fatal contact with objects and equipment, and less likely to be involved in 

fatal transportation accidents.  This higher number of fatal falls among Hispanic 

workers may be due to risky workplace characteristics identified in previous 

studies, such as lack of training, distractions at work, limited personal protective 

equipment use [14], supervisor pressure, competition for jobs, intimidation 

against raising safety concerns [12].  or low health literacy [13]. 

Our study found that carpenters and roofers are the occupations with higher risks 

of occupational fatalities among Mexican immigrants.   This is consistent with 
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previous literature concerning carpenters and roofers and their increased risk of 

occupational fatalities [20].  We were surprised to not find significantly higher 

proportions of occupational fatalities among laborers.  Previous literature has 

identified laborers and low-skilled individuals to be at elevated risk for 

occupational injury and fatalities [21, 22], specifically from falls [20].  While our 

results differ, this should not undermine the relatively large number of 

occupational fatalities among laborers, who totaled the largest number (n=58) of 

occupational fatalities of all occupations.    

This is one of the first analyses that investigated associations between 

construction industry employment and non-occupational fatalities among 

immigrants.  We found construction employment to be associated with lower 

proportions of natural deaths among Mexican immigrants.  This finding warrants 

additional research.  It is possible that construction industry employment lends 

itself to more physical activity [23], resulting in healthier lifestyles.  This may deter 

prevalent chronic illness, but we were unable to assess this notion in our present 

study.  Additionally, due to the physical health requirements of performing 

construction work it is possible that the healthy migrant paradox [23-27] is more 

relevant to the construction industry than to other less strenuous industries.  This 

theory has been used to explain some health advantages among immigrants 

despite less earnings and lower education.  The healthy migrant paradox is due 

to a healthy worker bias, in which it is presumed that the healthiest individuals 

migrate for work [26], and a salmon bias in which unhealthy individuals or those 
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who become sick and cannot work return to their home country [28]. Lastly, the 

protective association with natural deaths may be due to competing mortality 

risks due to accidents.   

This investigation complements previous research regarding mental health and 

Hispanic immigrants in the U.S.  While the effect of migration can vary, 

regardless of country of origin or destination, migration is very stressful on 

individuals and their families [29].  Previous research has identified situational 

and structural stressors [30] such as separation from family, work environment, 

documentation status, and limited resources as risk factors for depression [31].  

Additionally among younger individuals, migration has been shown to be a risk 

factor for suicidal ideation [32], a higher prevalence of conduct problems, phobic 

fears, and early substance use [33].  While this investigation does not provide a 

complete picture of the relationship between working in construction and suicide, 

it may serve as a stepping stone for further research.  

There are limitations to this study that are inherent to the research design.  First, 

SMR investigations were not intended to calculate relative risk in relation to any 

population not included in this investigation.  The SMR analysis assigned relative 

frequency of certain causes of death in workers of specific occupations and 

industry, but is unable to calculate rates based on complete denominator 

populations or hours worked.  In the case of Mexican immigrants in the SEUS, it 

is difficult to define the total population due its elusive and mobile 

nature.   Second, death records often include incomplete and/or inaccurate 
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data.  In this investigation, we found that approximately 10% of data were either 

missing, pending, or undetermined, 4% did not include industry, and 5% of those 

who worked in construction industry did not have an occupation indicated.  We 

included missing categories in each of the analyses, but did not find missing data 

to be associated with any of the exposures or outcomes of interest. Death 

certificate classifications of industry and occupation are most questionable in 

investigating long-term occupational exposures, such as certain toxins or 

carcinogens, where occupation may have changed many times prior to the 

death.  Our investigation was concerned with causes of immediate death and 

deaths directly associated with the last occupation held by the individual, 

therefore the inaccuracies in industry and occupation coding are less 

problematic.  

 

Conclusion 

The results of this study provide an initial description of fatal construction injuries 

among Mexican immigrants in SEUS, specifically in Georgia, Alabama, and 

eastern Tennessee.  The analysis provides evidence that a large portion of the 

Mexican immigrant population is employed in the construction industry (38%) and 

face elevated risks for occupational fatalities.  The results of this investigation 

should encourage greater surveillance of occupational illness and injury among 

foreign-born immigrants who work in construction, as well as other high risk 

industries.  While the entire construction industry faces elevated risks of 
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occupational fatalities, our analysis indicates that carpenters and roofers should 

be prioritized.  Additional research should pursue intervention strategies, such as 

education to workers and employers that are customized to this population that 

target reductions of construction fatalities.  
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Table 6.1. Demographic and population characteristics of deaths (age ≥ 
15 years) reported to Consulate General of Mexico, in Atlanta GA, 2003-
2013 (N=3,093) 
 N (%) 

Resident State  
     Alabama 532 (17.2) 
     Georgia 2015 (65.2) 

     Eastern Tennessee 546 (17.7) 

Gender  
     Male 2564 (82.9) 
     Female 529 (17.1) 

Years of Age (median, range) 33 (15-94) 

Manner of Death  
     Accident 1127 (36.4) 
     Natural 1080 (34.9) 
     Homicide 457 (14.8) 
     Suicide 123 (4.0) 
     Missing/Pending/Undetermined 306 (9.9) 

Occupational-Related Death  
     Yes 173 (5.6) 
     No 2920 (94.4) 

Industry1     
     Construction   1159 (37.7) 
     Agriculture, Forestry, Fishing and Hunting   369 (11.9) 
     Manufacturing   277 (9.0) 
     Leisure and Hospitality   279 (9.0) 
     Professional and Business Services   222 (7.1) 
     Wholesale and Retail Trade   100 (3.2) 
     Other Services   66 (2.1) 
     Transportation and Utilities    51(1.7) 
     Education and Health Services   21 (0.7) 
     Financial Activities   10 (0.3) 
     Information   8 (0.3) 
     Mining   4 (0.1) 
     Public Administration   4 (0.1) 
     Non-paid/Volunteer/Unemployed   406 (13.1) 
     Missing or Insufficient Information   117 (3.8) 

1Based on categories from 2012 U.S. Census Code  
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Table 6.2. Construction industry fatalities (n=104) by event or 
exposure among deaths reported to the Consulate General of 
Mexico, in Atlanta GA 2003-2013  

 N (%) 

Falls 50 (48.1) 

Contact with objects or equipment 31 (29.8) 

Transportation 14 (13.4) 

Electrocution 2 (1.9) 

Homicide 2 (1.9) 

Other1 5 (4.8 ) 

1 Lightning (n=2), Heat stroke (n=2), complications of infection of injury (n=1).  

Note: Of 69 non-construction occupational deaths, 52 were accidents, 15 homicide, 
and 2 suicides. 
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Table 6.3.  Bivariate comparisons among construction and non-
construction industry male deaths (age ≥ 15 years) reported to the 
consulate general of Mexico, in Atlanta GA, 2003-2013 (N=3093)  

 Construction Industry Other Industries1  

 N (%) N (%) p-value 

Resident State    
     Alabama 220 (19.1%) 243 (17.2%) 0.452 
     Georgia 721 (62.6%) 909 (64.3%)  

     Eastern Tennessee 210 (18.3%) 336 (18.5%)  

Age  (mean, std4) 33 (11.5) 37 (16.5) <0.00013 

Manner of Death    
     Accident 509 (44.2%) 521 (31.8%) <0.00012 
     Homicide 212 (18.4%) 209 (12.6%)  
     Natural 249 (21.6%) 475 (42.9%)  
     Suicide 43 (3.7%) 72 (4.0%)  
     Pending/Missing/Und4 138 (12.0%) 136 (8.7%)  

Occupation-Related Death    
     Yes 104 (9.0%) 66 (4.7%) <0.00012 
     No 1047 (91.0%) 1347 (95.3%)  
1 See Table 1 for complete list of industries  
2 Chi Square 
3 2-sided t-test 
4 Pending/Missing/Undetermined are three separate categories that have been combined.  
‘Pending’ and ‘Undetermined’ entries are abstracted from death certificates.  ‘Missing’ 
indicates that there was not an entry on the death certificate. 
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Table 6.4.  Standardized mortality ratios for construction industry 
occupational fatalities versus all industries combined among Mexican 
males fatalities reported to the Consulate General of Mexico, in Atlanta GA  
(age ≥ 15 years) , 2003-2013 (n=2564) 
 

N/Total (%) SMR2 95% C.I.3 

Construction Industry 104/1151 (9.0) 1.31 (1.07-1.58) 

     Carpenter 13/87 (14.9) 2.25 (1.20-3.83) 
     Mason 5/61 (8.2) 1.16 (0.38-2.67) 
     Laborer 58/682 (8.7) 1.22 (0.93-1.58) 
     Roofer 10/62 (15.7) 2.32 (1.12-4.26) 
     Other1 10/200 (5.0) 0.73 (0.35-1.34) 
     Unknown 8/59 (13.6) 1.94 (0.84-3.80) 
1 Equipment Operator (3/17), Dry Wall (1/22), Electrician (2/10), Painter (1/81), Pipe Fitter (1/6), 
Iron/Steel worker (12), Manager (1/26) 
2 Standardized Mortality Ratio, indirectly age-adjusted to overall population using 5-year age 
increments. 
3 95% confidence interval 
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Table 6.5.  Logistic regression1 of associations between construction 
industry employment (yes vs. no) and manners of death adjusted for 
age2 among Mexican male deaths reported to the Consulate General of 
Mexico, in Atlanta GA, 2003-2013 (n=2,564) 

 
Construction 

(n=1151) 
Other Industry 

(n=1413) 
OR (95% CI) 

Accident 509 (44.2%) 521 (36.9%) 1.15 (0.98-1.36) 

Natural 249 (21.6%) 475 (33.6%) 0.70 (0.57-0.86) 

Homicide 212 (18.4%) 209 (14.8%) 1.18 (0.95-1.45) 

Suicide 43 (3.7%) 72 (5.1%) 0.63 (0.42-0.92) 

Missing/Pending/Und. 138 (12.0%) 136 (9.6%) 1.22 (0.95-1.57) 

1 Separate logistic regression models were used for each individual manner of death. 
2 Age was a significantly associated with outcome manner of death in each model (p<0.0001) 
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CHAPTER 7 

SUMMARY AND CONCLUSION 

 

Summary 

This research addressed a significant problem in an underserved and 

understudied population at high risk for occupational injury and fatalities in the 

construction industry.  Our investigation targeted Hispanic workers employed in 

the construction industry who are more likely to suffer occupational fatalities than 

other workers [1].   

The overarching goal of this research was to investigate factors contributing to 

ethnic disparities of occupational injury among construction workers.  This 

investigation used two separate approaches, focusing on two specific 

populations to accomplish this goal. First, in order to accomplish aims 1 and 2, 

we investigated the relationships between ethnicity, injuries, and safety climate.  

Second, in order to accomplish aim 3, we investigated occupational and non-

occupational fatalities among Mexican immigrants who were employed in the 

construction industry, in Georgia, Alabama, and Tennessee.    

Aims 1 and 2 (Chapters 4 and 5) of the investigation surveyed 179 construction 

workers in Athens, Georgia in order to explore relationships between safety 

climate scores, injury, and ethnicity.  We found that Hispanic workers had 

significantly lower safety climate scores, though these differences were not 

associated with differences in injury occurrence.              
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Aim 3 (Chapter 6) used data extracted from death certificates that were held by 

the Consulate General of Mexico in Atlanta, Georgia to identify mortality risks 

among Mexican construction workers in the southeastern United States.  

Occupational risks among construction industry workers were identified using 

standardized mortality ratios and regression analysis was used to identify non-

occupational manners of death associated with construction industry 

employment.  We found that the proportion of individuals who die from 

occupational injuries is higher among all construction workers compared to the 

overall population.  Roofers and carpenters were at an elevated risk compared to 

other construction industry workers.  Additionally, we found that employment in 

the construction industry was protective against suicide and death from natural 

causes among Mexican immigrants.    

      

Interpretation of Findings 

Safety Climate 

As discussed in chapters 4 and 5, ‘safety climate’ has emerged as an important 

predictor of safe behavior in the workplace [2], but has not been explored as a 

contributing factor to the injury and mortality disparities between Hispanic and 

non-Hispanic construction workers.  This was the first investigation of safety 

climate perception among a heterogeneous population of Hispanic and non-

Hispanic construction workers.  As described in chapter 4, we found evidence 

that disparities in perceived safety climate exist between Hispanic and non-
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Hispanic construction workers.  The lower perceived safety climate scores 

among Hispanic workers indicated that the perception of the importance of safety 

on the job site was lower among Hispanic construction workers than their non-

Hispanic counterparts.  Additionally, we found that alcohol consumption, working 

for a company that does not provide health insurance, working for a company 

with less than 10 employees, and being employed as a laborer or in a skilled 

trade were significantly associated with less perceived safety climate.  

Subsequently, in chapter 5, in contrast to our hypothesis, we found that the 

significant differences in perceived safety climate were not associated with 

differences in past injury occurrence in the previous 3 years.  This unexpected 

finding may be the result of confusion between the time sequence between 

safety climate and injury.  As has been found in other studies, it is possible that 

higher safety climate scores are the result of previous injuries literature.  A recent 

meta-analysis including 32 study populations, examined injury and safety climate 

relationships found that injuries are more predictive of safety climate than safety 

climate is of injuries, though the association was stronger among organization 

climate then psychological (individual) climate [2].             

Morbidity and Mortality 

Chapters 5 and 6 investigated injury and fatality outcomes among construction 

workers in the SEUS and provided evidence that certain populations within the 

industry are at greater risk for injuries and death.  In chapter 5, contrary to our 

hypothesis, our research did not corroborate disparities in risk of injuries between 
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Hispanic and non-Hispanic construction workers.  Instead, it was noteworthy that 

18% of construction workers had been injured in the last year, compared to 3.5% 

reported nationally [3], justifying attention to injuries in the construction industry 

across ethnicities.  In chapter 6, we found evidence of excessive risk of 

occupational fatalities in the construction industry compared to other industries, 

where the proportion of Mexican immigrants in the SEUS who died from 

occupational injuries was 30% higher among construction workers.  Among the 

Mexican immigrant construction workers, while adjusting for age, roofers and 

carpenters were over twice as likely to have died as a result of an occupational 

accident as compared to the remaining Mexican immigrant population.  We were 

surprised that our results did not indicate an excess in risk among laborers, as 

had been seen in other investigations [4, 5].   

In both Chapters 5 and 6, we found statistically significant deviations in the 

events leading to the injury or fatality, from national data.  In 2013, the leading 

causes of U.S. occupational fatalities in construction were falls (36%), 

transportation (27%), and contact with objects and equipment (17%) [1].  In 

chapter 6, our results were similar, with the exception of transportation fatalities.  

We found that the SEUS Mexican immigrant population was more susceptible to 

falls and fatal contact with objects and equipment, and were less likely to be 

involved in fatal transportation accidents than the U.S. construction workers 

nationwide.  In Chapter 5, the leading injury event was contact with objects or 

equipment (47%), followed by falls (22%), and over exertion (22%).  This differs 
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from the U.S., where in 2014, the leading cause of injury on construction sites 

was overexertion (33%), followed by falls (27%), and contact with objects and 

equipment (22%) [6].  These differences may be due risky workplace 

characteristics identified in previous studies, such as lack of training, distractions 

at work, limited personal protective equipment use [7], supervisor pressure, 

competition for jobs, intimidation against raising safety concerns [8], or low health 

literacy [9]. 

Strengths and Weaknesses 

This investigation presents a novel approach to enhance the understanding of an 

important burden to an often marginalized population.  Attention to injury 

disparities and characteristics in the construction industry are warranted, as 25% 

of construction workers are Hispanic and they are injured at a disproportionately 

high rate[10].  Chapters 4 and 5 describe novel research, where safety climate 

measures were examined between Hispanic and non-Hispanic construction 

populations.  Chapter 6 is the first investigation that looks into differences in 

association between safety climate and injuries between different ethnicities.  An 

important innovation presented in this investigation is the uniqueness of the 

populations.  Chapters 4 and 5 presented results based on a population that is 

not represented in nationally reported statistics, as the population was mostly 

composed of workers from small (under 10 employees) companies.  The 

population in chapter 6 was a unique addition to the literature because it was 

composed entirely of Mexican immigrants who resided and died in SEUS. 
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Additionally, chapter 6 is one of the first analyses that investigated associations 

between construction industry employment and non-occupational fatalities 

among immigrants.          

While this investigation presents many strengths, some limitations need to be 

acknowledged.  First, chapters 4 and 5 of this investigation presented the results 

of a cross-sectional survey, which is limited in its ability to detect cause-and-

effect relationships.  While safety climate is generally considered an antecedent 

to injury occurrence, there is evidence that the occurrence of an injury may lead 

to a higher safety climate score [2].  An additional limitation of the results 

presented in chapters 4 and 5 is this investigation’s inability to be generalized to 

the overall GA construction industry.  While also considered an advantage, our 

study sample was composed of a greater percentage of individuals who work for 

small companies than GA’s population of construction workers [11].  Lastly, the 

number of surveys conducted for chapters 4 and 5, were based on sample size 

calculations that estimated adequate population size that were necessary to 

address the primary goals of this investigation, namely to detect safety climate 

differences between ethnicities and between injured and non-injured workers.  All 

secondary aims may be under powered due to limited sample size.   

Chapter 6 was subject to limitations that were inherent to the research design.  

First, the SMR analysis assigned relative frequency of certain causes of death in 

workers of specific occupations and industry, but is unable to calculate rates 

based on complete denominator populations.  In the case of Mexican immigrants 
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in the SEUS, it is difficult to define the total population due to its elusive and 

mobile nature and it is likely that there are a large number of Mexican immigrant 

deaths that were not captured by the Consulate General.   Second, death 

records often include incomplete and/or inaccurate data.  In this investigation, we 

found that approximately 10% of data were either missing, pending, or 

undetermined, 4% did not include industry, and 5% of those who worked in 

construction industry did not have an occupation indicated.  As with any 

investigation that utilized data abstracted from death certificates, we are limited 

to the information captured by the death certificate.  Death certificate 

classifications of industry and occupation are most limited due to the singularity 

of the entries, rather than a full history of occupation and industry.  Our 

investigation was concerned with causes of immediate death and deaths directly 

associated with the last occupation held by the individual, therefore the brevity in 

industry and occupation entries are less problematic.    

Suggestions for Future Research 

The results of this investigation provide a stepping stone for several directions of 

future research.  Ideally, large prospective cohort designs would be used in order 

to fully characterize risk factors and precursors to injuries.  In order to investigate 

fatality outcomes, a case-control investigation may be more practical, but it would 

be essential to capture robust information regarding work-related activities and 

conditions. Efforts may be improved by targeting research activities to 

occupations at elevated risk, such as carpenters and roofers.  Additionally, our 
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results encourage greater surveillance activities of occupational injury among 

construction workers in order to more fully understand the burden.  All future 

activities should have concentrated efforts to include attention to ethnic minority 

populations and their cultural differences that may challenge or improve 

interventions.  A greater understanding of safety climate among construction 

workers working independently and for small companies is critical.  Primarily, 

perceived safety climate should be investigated and if possible a measure should 

be developed and validated for independent and small company workers.   

 

Conclusion 

The results of this investigation contribute to the understanding of factors that 

lead to ethnic disparities of injury and fatalities in the U.S. construction industry.   

This study provides evidence that disparities in perceived safety climate exist 

between Hispanic and non-Hispanic construction workers.  Additionally, the 

results of this investigation suggest that while the entire construction industry 

faces elevated risks of occupational fatalities, attention to carpenters and roofers 

should be prioritized.    Our research did not corroborate disparities in risk of 

injuries between Hispanic and non-Hispanic construction workers that are 

present in surveillance data, nor did we find associations between past injury 

occurrence and perceived safety climate.  Instead the current study provides 

evidence that attention to construction industry injuries is justified across 
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ethnicities, while paying attention to cultural differences that may be unique to 

specific sub-groups and challenge interventions.      
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APPENDIX A: OCCUPATIONAL FATALITY RATE, IN THE UNITED STATES, BY ETHNICITY, 2003-2013 

 All Hispanic Non-Hispanic 

 Rate 95% C.I. Count Rate 95% C.I. Count Rate 95% C.I. Count 

2003-2013 3.6 3.6-3.7 56751 4.2 4.1-4.2 9064 3.6 3.5-6.6 47687 

2013 3.1 3.0-3.1 4405 3.5 3.3-3.8 797 3.0 2.9-3.1 3608 

2012 3.2 3.2-3.3 4628 3.4 3.2-3.7 748 3.2 3.1-3.3 3880 

2011 3.4 3.3-3.4 4693 3.7 3.4-4.0 749 3.3 3.2-3.4 3944 

2010 3.4 3.3-3.5 4690 3.6 3.3-3.8 707 3.3 3.2-3.4 3983 

2009 3.3 3.2-3.3 4551 3.6 3.4-3.9 713 3.2 3.1-3.3 3838 

2008 3.6 3.5-3.7 5214 4.0 3.7-4.2 804 3.5 3.4-3.6 4410 

2007 3.9 3.8-4.0 5657 4.6 4.3-4.9 937 3.8 3.7-3.9 4720 

2006 4.0 3.9-4.1 5657 5.0 4.7-5.4 937 3.9 3.8-4.0 4720 

2005 4.0 3.9-4.1 5734 5.0 4.6-5.3 923 3.9 3.8-4.0 4811 

2004 4.1 4.0-4.2 5764 5.0 4.7-5.4 902 4.0 3.9-4.1 4862 

2003 4.0 3.9-4.2 5575 4.8 4.5-5.1 794 3.9 3.8-4.1 4781 

Source: U.S. Department of Labor Bureau of Labor Statistics (USBLS), Census of Fatal Occupational Injuries. 2009-2014. 
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APPENDIX B: CONSTRUCTION INDUSTRY FATALITY RATE, IN THE UNITED STATES, 

BY ETHNICITY, 2003-2013 

 All Hispanic Non-Hispanic 

 Rate 95% C.I. Count Rate 95% C.I. Count Rate 95% C.I. Count 

2003-2013 11.3 10.9-11.6 11411 10.1 9.9-10.3 2898 9.8 9.6-10.0 8513 

2013 9.2 8.6-9.8 856 10.7 9.4-12.0 243 8.8 8.1-9.4 613 

2012 9.5 8.9-10.1 849 10.5 9.2-11.9 222 9.1 8.5-9.8 627 

2011 8.6 8.1-9.2 781 9.3 8.1-10.6 197 8.4 7.8-9.1 884 

2010 8.8 8.3-9.4 802 8.5 7.3-9.7 182 8.9 8.3-9.6 620 

2009 9.1 8.5-9.6 879 10.1 8.9-11.4 222 8.8 8.1-9.4 657 

2008 9.3 8.7-9.8 1016 9.7 8.6-10.9 253 9.1 8.5-9.7 763 

2007 10.5 9.9-11.0 1239 11.0 9.9-12.2 317 10.3 9.6-10.9 922 

2006 11.0 10.5-11.6 1297 12.8 11.6-14.0 360 10.5 9.9-11.1 937 

2005 11.1 10.5-11.7 1243 13.0 11.7-14.4 321 10.6 9.9-11.2 922 

2004 11.9 11.3-12.5 1278 14.4 12.9-15.9 317 11.2 10.5-11.9 961 

2003 11.6 10.9-12.2 1171 13.3 11.8-14.8 264 11.1 10.4-11.8 907 

Source: U.S. Department of Labor Bureau of Labor Statistics (USBLS), Census of Fatal Occupational Injuries. 2009-2014. 
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APPENDIX C: CONSTRUCTION WORKER CONSENT SCRIPT AND SURVEY 

(ENGLISH & SPANISH)   
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APPENDIX D: COMPANY PARTICIPATION RECRUITMENT LETTER    
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APPENDIX E: PARTICIPANT RECRUITMENT SCRIPT  

(ENGLISH & SPANISH)   
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 APPENDIX F: UNITED STATES STANDARD DEATH CERTIFICATE 

AND INSTRUCTIONS   
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