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Abstract
Background: Farming is an hazardous occupation. The underlying determinants of farm injury
are not well understood among adolescent populations, particularly from a gender lens.
Objectives: (1) To evaluate the association between gender and occupational health and safety
practices reported for hazardous work among working adolescent farm children; and, (2) to
evaluate the association between use of such practices and time to farm injury, and also whether
such associations vary by gender.
Methods: Survey data from an existing farm injury cohort were available for analysis.
Occupational health and safety practices were: non-use of personal protective equipment, nonuse of training and supervision for work with heavy equipment, non-use of training and
supervision for work with large animals, and conduct of hazardous tasks. Logistic regression was
used to examine associations between gender and use of safety practices, and Cox regression was
used to examine relationships between occupational health and safety practices and time to first
injury.
Results: Girls reported increased odds for the non-use of personal protective equipment
(adjusted OR 2.39 [95% CI: 1.16, 4.94]). There was no evidence of an association between
gender and the conduct of hazardous tasks (adjusted OR 0.69 [95% CI: 0.28, 1.73]). Gender
patterns surrounding non-use of training and supervision for work with equipment (adjusted OR
2.38 [95% CI: 0.53, 10.66]) and with animals (adjusted OR 1.52 [95% CI: 0.75, 3.06]) were not
significant. Use of personal protective equipment (adjusted HR 1.25 [95% CI: 0.76, 2.06]) did
not significantly reduce the risk of farm injury, neither did use of training and supervision during
equipment work (HR 1.25 [95% CI: 0.69, 2.28]), nor during animal work (HR 1.06 [95% CI:
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0.59, 1.92]), or the conduct of hazardous tasks (HR 1.04 [95% CI: 0.67, 1.63]). Further, there
was no significant modification of these associations and injury by gender.
Conclusions: Among adolescents, farm occupational health and safety practices appear to vary
by gender. Girls on farms report fewer exposures to hazards, and receive less training and
supervision and less use of personal protective equipment, consistent with assigned tasks. While
gender appears to play a role in the assignment of farm tasks and occupational health and safety
practices, these practices did not reduce the likelihood of subsequent injury. As well, the latter
associations did not appear to vary by gender. A public health approach that recognizes gender as
a determinant of hazardous farm exposures and associated occupational health and safety
practices is needed.

iii

Co-Authorship
This thesis is the work of Erin Crouchman in collaboration with her supervisors Drs. Keyue
Ding and William Pickett. The idea to examine gender as a determinant of rural injury was
developed during consultations between William Pickett and Erin Crouchman. Survey design
and data collection were the work of the Saskatchewan Farm Injury Cohort Study Team,
involving collaborators from the University of Saskatchewan, Queen’s University, Marshfield
Medical Research Foundation (USA) and Monash University (Australia).
Statistical analyses and their interpretation were conducted by Erin Crouchman, with advice
from thesis supervisors and Xiaoqun Sun (Clinical Research Centre, Kingston General Hospital).
The thesis was written by Erin Crouchman. The thesis advisors provided editorial support on all
aspects of this thesis.

iv

Acknowledgements
I would like to extend my gratitude and appreciation to all who supported me through this
graduate program.
For their unwavering mentorship, I would like to humbly thank my advisors. Dr. Pickett
successfully challenged my preconceptions about rural pediatric health throughout this process, as
well as through his own collaborative research. He provided remarkable and welcomed
opportunities for growth. Dr. Ding’s encouragement and ease with which he explained
complicated statistical theory made this part of the process more enjoyable. The support garnered
from my mentors over the course of this program has been immeasurable and deeply appreciated.
I would also like to thank Dr. Duncan Hunter for his academic support during my first year,
Ms. Deborah Emerton for designating her office as a safe space, my professors for sharing their
knowledge and expertise, and Ms. Katherine Cook for her guidance and support. Special thanks
to my peers in the Kingston General Hospital lab for their wonderful feedback and, especially, for
the laughs that kept sanity tangible.
I warmly thank the Department of Community Health and Epidemiology at Queen’s
University and the Canadian Institute of Health Research through the Public Health and Rural
Ecosystem at the University of Saskatchewan for their financial support of this research.
Finally, I would like to thank my family for their unconditional support. Thank you to my
partner for his warmth and clarity on matters of the rural heart; to Logan for reminding me that it
is okay to start a snowball fight at 7am on a Monday morning; to Morgan for sharing his thirst for
self-directed learning; to Avery for reminding me of our priorities; and, to Connor, for sharing the
utmost importance of a new found caterpillar.

v

Table of Contents
Abstract ............................................................................................................................................ ii
Co-Authorship ................................................................................................................................ iv
Acknowledgements .......................................................................................................................... v
Chapter 1 Introduction ..................................................................................................................... 1
1.1 General overview ................................................................................................................... 1
1.2 Focus of this thesis ................................................................................................................. 2
1.3 Study sample .......................................................................................................................... 2
1.4 Objectives and hypotheses ..................................................................................................... 3
1.5 Thesis organization ................................................................................................................ 3
1.6 References .............................................................................................................................. 4
Chapter 2 Literature Review ............................................................................................................ 7
2.1 General overview ................................................................................................................... 7
2.2 Risk factors for farm injury in adolescence ........................................................................... 7
2.3 Sex- and gender-based analysis ............................................................................................. 9
2.4 Gender-based analysis and farm injury ................................................................................ 11
2.5 Gender, occupational farm hazards and injury in adolescence ............................................ 12
2.6 The Saskatchewan Farm Injury Cohort Study ..................................................................... 13
2.7 Rationale for thesis .............................................................................................................. 14
2.8 Summary .............................................................................................................................. 14
2.9 References ............................................................................................................................ 15
Chapter 3 Gender and occupational health and safety practices among Saskatchewan farm
adolescents ..................................................................................................................................... 20
3.1 Abstract ................................................................................................................................ 20
3.2 Introduction .......................................................................................................................... 22
3.3 Methods ............................................................................................................................... 23
3.3.1 Sample........................................................................................................................... 23
3.3.2 Inclusions and exclusions.............................................................................................. 25
3.3.3 Study variables .............................................................................................................. 25
3.3.3.1 Primary Exposure................................................................................................... 25
vi

3.3.3.2 Outcomes: occupational health and safety practices .............................................. 25
3.3.3.3 Potential confounders............................................................................................. 28
3.3.4 Statistical analyses ........................................................................................................ 28
3.4 Results .................................................................................................................................. 29
3.4.1 Profile of health and work experiences ......................................................................... 29
3.5 Discussion ............................................................................................................................ 37
3.5.1 Major findings ............................................................................................................... 37
3.5.2 Strengths and limitations............................................................................................... 39
3.5.3 Implications for injury prevention ................................................................................ 40
3.5.4 Summary and conclusions ............................................................................................ 40
3.6 Acknowledgements .............................................................................................................. 41
3.7 References ............................................................................................................................ 41
Chapter 4 Adolescent occupational health and safety practices as determinants of injury on
family farms: A prospective study ................................................................................................ 45
4.1 Abstract ................................................................................................................................ 45
4.2 Introduction .......................................................................................................................... 47
4.3 Methods ............................................................................................................................... 48
4.3.1 Sample........................................................................................................................... 48
4.3.2 Inclusions (Current Analysis) ....................................................................................... 49
4.3.3 Survey administration ................................................................................................... 51
4.3.4 Study variables .............................................................................................................. 52
4.3.4.1 Exposures: occupational health and safety practices ............................................. 52
4.3.4.2 Study outcome ....................................................................................................... 53
4.3.4.3 Potential confounders............................................................................................. 54
4.3.5 Statistical analyses ........................................................................................................ 54
4.4 Results .................................................................................................................................. 55
4.5 Discussion ............................................................................................................................ 62
4.5.1 Major findings ............................................................................................................... 62
4.5.2 Secondary findings........................................................................................................ 62
4.5.3 Comparison of major findings with past occupational literature .................................. 62
4.5.4 Comparison of secondary findings with existing literature .......................................... 64
vii

4.5.5 Strengths and limitations............................................................................................... 64
4.5.6 Implications for research: how could this analysis be improved? ................................ 65
4.5.7 Summary and conclusion .............................................................................................. 66
4.6 Acknowledgements .............................................................................................................. 67
4.7 References ............................................................................................................................ 67
Chapter 5 General Discussion ........................................................................................................ 70
5.1 Revisiting the purpose and objectives .................................................................................. 70
5.2 Major findings...................................................................................................................... 71
5.3 Interpretation of findings ..................................................................................................... 71
5.3.1 The role of gender ......................................................................................................... 71
5.4 Threats to validity (internal and external) ............................................................................ 72
5.4.1 Internal validity ............................................................................................................. 72
5.4.2 External validity ............................................................................................................ 74
5.5 Implications for further research .......................................................................................... 74
5.6 Implications for prevention .................................................................................................. 75
5.7 Summary and conclusion ..................................................................................................... 76
5.8 References ............................................................................................................................ 77
Appendix A – SFIC Detailed Methodology* ................................................................................ 79
Appendix B – Abbreviated Methodology for Manuscript 1 .......................................................... 83
Appendix C – Abbreviated Methodology for Manuscript 2 .......................................................... 85
Appendix D – SFIC Survey Instruments ....................................................................................... 87
Appendix E – Statistical Power ................................................................................................... 101
Appendix F – Ethics..................................................................................................................... 104

viii

List of Tables
Table 1. Baseline characteristics of adolescent family farm workers aged 12-18 years (n=297) on
Saskatchewan farms, 2007. ............................................................................................................ 30
Table 2. Univariate description of demographic and operational characteristics (n=297);
Saskatchewan Farm Injury Cohort, 2007....................................................................................... 31
Table 3. Associations between gender and demographic, health and operational characteristics
among adolescent family farm workers aged 12-18 years (n=297); Saskatchewan Farm Injury
Cohort, 2007. ................................................................................................................................. 32
Table 4. Associations between gender, selected covariates and non-use of personal protective
equipment use among adolescent family farm workers aged 12-18 years (n=292). ...................... 33
Table 5. Associations between gender, selected covariates and conduct of hazardous tasks among
adolescent family farm workers aged 12-18 years (n=288). .......................................................... 35
Table 6. Associations between gender, selected covariates and non-use of training and
supervision for work with equipment among adolescent family farm workers aged 12-18 years
(n=277)........................................................................................................................................... 36
Table 7. Associations between gender, selected covariates and non-use of training and
supervision during animal work among adolescent family farm workers aged 12-18 (n=248). ... 37
Table 8. Characteristics of participants from eligible farms in a Saskatchewan Farm Injury
Cohort (n=1635 individuals on 550 farms); 2007-2009. ............................................................... 56
Table 9. Description of injuries to farm family members from eligible Saskatchewan farms
(n=198 injuries).............................................................................................................................. 57
Table 10. Characteristics and associations between selected covariates, key occupational health
and safety practices (primary exposures) among family farm workers in a Saskatchewan Farm
Injury Cohort.................................................................................................................................. 58
Table 11. Associations between baseline occupational health and safety practices (primary
exposures) and farm injury among family farm workers in Saskatchewan; 2007-2009. ............... 60

ix

Chapter 1
Introduction
On a Thursday afternoon, Abbey arrived home from her day in ninth grade. She dropped
her backpack on the floor near the door and grabbed a snack from the fridge before seeing her
father come up from the yard. Abbey met him at the side porch. “Oh good, you’re home! Your
horse’s shoes need to be cleaned out. She’s favoring her hind quarters.” Abbey rolled her eyes
and headed out to the barn without acknowledgement. She greeted Jasmine, her 10-year old
Appaloosa, with a familiar pitch in her voice. Their relationship is a mutual one, and has
evolved over a decade of love and nurturing. Abbey gathers her supplies: a hoof pick, a Ferrier’s
brush and a handful of oats while telling Jasmine about her day. Abbey enters the stall, kneels at
Jasmine’s rear and rests one hoof on her leg. She uses the Ferrier brush to clean the loose hay
and manure from Jasmine’s hoof. For reasons unknown and unpredicted, Jasmine was spooked,
kicked to regain her footing, and accidentally kicked Abbey, leaving her unconscious on the floor
of the stall.

1.1 General overview
There are approximately 1.3 million children under the age of 19 years living on family farms
in North America.1 In Canada, the economic burden of farm injury is conservatively estimated to
be $200 to $300 million annually.2 While pediatric farm-related fatalities have declined in the
years since a 1988 American Academy of Pediatrics statement on rural injuries, non-fatal farm
injuries are on the rise.1,3 Three quarters of farm adolescents have reported being injured on the
farm with common mechanisms of injury varying by age and sex.4-6
Gender differences in injury have been well documented. Health Canada (2000) defines
gender as ―the array of socially constructed roles and relationships, personality traits, attitudes,
behaviors, values, relative power and influence that society ascribes to women and men.‖ (p. 14).7
Gender differences are evident in populations of adolescents on farms.4-6,8,9 To illustrate, boys are
at higher risk for mechanized injury than girls, starting at an early age, and continuing through
adolescence.4 Adolescent girls have been identified as one of the at-risk groups for farm injury
1

involving large animals.8 Collectively, the most common mechanisms of pediatric farm injury
have remained the same for over two decades: machinery, animal care and falls.5,6,9
Consistent with population health theory, recent occupational health and safety research in
agriculture has focused on two types of determinants in injury: individual- and contextuallevel.10,11 Characteristics such as age, gender and personal behaviors operate at an individual
level while attributes of the workplace, for example, operate at a contextual level. Little
information is available, however, on the etiology of farm injury in adolescence beyond
descriptions of injury mechanisms, and description of injury patterns according to these basic
demographic attributes. Investigation of potential determinants of farm injury is needed.

1.2 Focus of this thesis
This thesis examines the relationships between gender, adolescents’ use of occupational health
and safety practices, and farm injury. The first manuscript studies the association between gender
and the use of occupational health and safety practices by adolescents. The second manuscript
examines the association between adolescents’ use of occupational health and safety practices and
injury in the farm family, and whether such relationships are modified by the family member’s
gender. These studies are connected by the use of gender-based analysis7,12 in which
consideration was given to purposefully include gender as a predictor in the use of occupational
health and safety practices, as well as one of several potential determinants of injury.

1.3 Study sample
This thesis is comprised of two analyses of data from the Saskatchewan Farm Injury Cohort
Study (SFIC).13 The SFIC is an ongoing investigation of causes and consequences of agricultural
injury, involving nearly 5500 people on 2390 Saskatchewan farms. Subsamples of cohort data
were abstracted for use in this thesis.
2

1.4 Objectives and hypotheses
Manuscript 1: Occupational health and safety practices among adolescent children in a
Saskatchewan farm cohort
Specific objectives of this manuscript were to: (1) profile the health and work experiences of
adolescent children on farms, and (2) evaluate the association between gender and reported use of
occupational health and safety practices for work on the farm, among a sample of adolescent
children aged 12-18 years who work on Saskatchewan farms. Based on previous literature, we
hypothesized that gender differences exist in reported occupational health and safety practices.14
Manuscript 2: Adolescent occupational health and safety practices as determinants of time to
injury on family farms: A prospective study
Objectives of this manuscript were to evaluate the association between adolescents’ use of
occupational health and safety practices on the farm and the occurrence of injury in family
members, and to determine whether such associations were modified by gender. The adolescent
measures were used to infer the general culture of safety on the farms. Based on past research
indicative of an inverse relationship between occupational health and safety practices and work
place injury15, we hypothesized that use of occupational health and safety practices would be
associated with reduced time to the first injury due to work on the farm, in both boys/men and
girls/women.

1.5 Thesis organization
This thesis has been organized according to the requirements of the Queen’s University School
of Graduate Studies and Research guidelines.16 Chapter 2 reviews the literature on farm injury
and its association with the use of occupational health and safety practices in the context of a
3

gender and sex-based health analysis.7,12 Basic information about the study design and methods
appears in a series of appendices. Chapter 3 forms Manuscript 1 which profiles the occupational
health and safety experiences of adolescent farm workers and evaluates the association between
gender and the use of occupational health and safety practices among these children in a crosssectional analysis. This manuscript conforms to the submission guidelines for Journal of
Agricultural Safety and Health. Chapter 4 comprises Manuscript 2 which evaluates the
association between the use of adolescent occupational health and safety practices as a general
determinant of injury experiences on the farm within a prospective cohort with further analysis of
potential effect modification by gender. This manuscript also conforms to the submission
guidelines for Journal of Agricultural Safety and Health. Chapter 5 provides a summary of key
findings, methodological considerations and summative conclusions for both manuscripts.
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Chapter 2
Literature Review
2.1 General overview
The purpose of this chapter is to examine a body of literature on: (1) risk factors for
occupational farm injury in adolescent children; (2) gender and sex-based analyses; and, (3)
occupational health and safety practices in adolescent farm children.

2.2 Risk factors for farm injury in adolescence
Several risk factors for farm injury in adolescence have been identified in the literature, largely
through the use of surveys administered to farm parents and/or children.1-3 Demographic, workrelated exposures, personal health practices, and occupational health and safety measures have
each been identified as independent risk factors for farm injury in the recent past.4-7 The
following paragraphs outline some of the evidence surrounding these risk factors.
Studies suggest a bimodal age distribution in pediatric injuries on the farm, with toddlerhood
and adolescence comprising the majority of injuries that present to the emergency department. 8,9
In the toddler years, a surge in psychomotor ability and cognitive curiosity result in a greater need
for independence and exploration.10 Similarly, adolescence brings another period with a greater
need for independence, but fraught with immature physical agility and judgment skills as well as
an increase in risk-taking behaviors.11-13 The 1999 North American Guidelines for Children’s
Agricultural Tasks sought to provide a resource for farm parents on child development in order
that they may assign farm tasks for children based on physical, cognitive and psychosocial
ability.14 Still, uptake in the farming community is modest in this area.15-18
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As children age, farm parents assign them to active roles in farm production.15 Along with this
increased responsibility comes increased exposure to more hazardous farm tasks.15 For example,
adolescent farm children in a rural Iowa cohort began riding as an extra passenger on tractors in
the early elementary years ( = 7 years of age).19 This same sample of 143 children also
reportedly began driving tractors independently at an average age of 11 years, despite their age
group’s physical inability to reach major controls and their lack of physical strength to adequately
manage the activation forces required to drive a farm tractor safely.11,12 These children also
reported handling or applying fertilizers ( = 12 years of age) and driving a self-propelled
combine ( = 13 years of age) at ages that are very young relative to other industries.19
Differences were found between father and child reports, with regard to duration and the age at
which the child began riding as an extra passenger on a tractor, and also driving farm vehicles (p
= 0.001 to 0.05).19 Some of these activities were prohibited by law for children under the age of
16 years in the state at the time of the study.19 Highlights of the Iowa study were the frequencies
in which children were exposed to hazardous farm activities, and the discrepancies in agreement
within the parent-child pairs on the age at which children began these activities.
Adolescents, by and large, perform the same range of tasks as adults on the farm including
hazardous tasks such as those involving tractors and silos.20 Farm injuries in adolescence have
been attributable to such activities as operation of unsafe and heavy machinery, performance of
work that is prohibited by law in other industries, and working with inadequate supervision
despite accurate parental perception of risk.20-22 In an effort to quantify supervision as it applies
to pediatric farm injuries, Morrongiello and her colleagues (2008) applied a conservative
definition of supervision according to three dimensions: attention or availability, proximity and
continuity.23 In their retrospective case series of more than 300 farm injured children in Canada
8

and the United States, they found that 68 percent of children were not involved in farm work at
the time of their injury.23 A total of 34 percent were injured despite adequate supervision, and
most lacked appropriate adult supervision (attention = 69%; proximity = 51%; continuous
supervision = 37%).23 Additional adults on-site did not appear to provide protection; 16 percent
of injuries occurred in the presence of more than one adult.23 To the candidate’s knowledge, this
is the only epidemiological study to apply supervision in the context of farm injuries, and the only
one to examine the number of individuals on-site at the time of the injury. No information was
available on children who presented to the emergency department and were released without
being admitted, nor those children who lost time from daily activities due to their injury and were
not medically treated. As well, the role of successful supervision, if any, cannot be extrapolated
from this study.23
Adolescence is a tumultuous time in behavioral growth where safety consciousness, dangerous
risk-taking, and safety knowledge have been strong predictors of farm injury.13 A US-based,
prospective study recruited a random sample of more than 8000 youth (65% response rate at
follow-up) and found that time spent conducting farm work is correlated with increased safety
knowledge, but boys use fewer safety cognitions than girls.13 This could have been responsible
for a minimal reduction in injuries seen at follow-up. Despite the fact that this study was
correlational in nature, it provides a foundation for research that considers gender and dangerous
risk-taking behaviors in the relationship with farm injury.

2.3 Sex- and gender-based analysis
Sex- and gender-based analysis encompasses differences in biological disposition (sex), the
differential roles ascribed to women and men and their unique experiences (gender), and their
impacts on health outcomes.24,25 Health Canada (2000) has said that there was a paucity of health
9

research, particularly in clinical trials, inclusive of populations of women.24 Gender differences
have been known determinants of health for a long time, as they relate to factors such as social
climate and socioeconomic status, and therefore impact upon health outcomes.24 As such, Health
Canada recommended that gender differences be a purposeful and deliberate consideration in
health research.24,25
Correct application and use of gender in its true context of ―social differences and
disaggregating data to examine differences between the genders‖ are cornerstones of genderbased analysis in health research.25 Health Canada (2003) provides a guide to assist researchers
in the considerations of gender-based analysis throughout the research process, from formulation
of a research question to the interpretation of data analysis.25 The common theme throughout this
guide is conscious and deliberate consideration of how society differentially treats men and
women.25 Until 2006, consideration of gender in research had been slow gaining momentum, and
the majority of studies were conducted by social science researchers.26
In 2006, Messing and Stellman took an inventory of Canadian and other peer reviewed studies
that examined sex, gender and women’s occupational health.26 Studies were retained where the
population was exclusively women or where gender-based analysis was used either in the
objective or any of the research questions. A noticeable concentration of gendered occupational
research was found in healthcare roles and in psychosocial stressors. A paucity of research
seemed to exist in the biomedical sciences and interdisciplinary collaboration was lacking. 26
More recently, gender-based analysis has been used in several epidemiological studies, especially
in farm settings, and many of these have the strength of international collaboration.4-7,15,16
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2.4 Gender-based analysis and farm injury
The use of gender-based analysis in farm injury research has identified gender differences in
the distribution of injuries by age and gender.27-29 For example, three risk groups for serious head
injury on the farm have been identified including their specific injury pattern: children under the
age of 10 years (falls), adolescent girls (large animals) and senior men (machinery and falls).28,29
The top three farm tasks for North American children under the age of 18 years include animal
care, crop management and tractor operation; girls are more often assigned to animal care and
boys to tractor with attachment operations.15
Differential farm work exposures might be responsible for gender-specific farm injury
patterns.29 For example, gender differences in farm work fatalities and hospital discharge data
were examined with the use of a Canadian hospital-based surveillance program between 1990 and
1996, and 1990 to 1994, respectively.4 The authors found that farm fatalities were differentially
distributed by age and sex. The ratio of male-female fatalities increased with age (< 14 years of
age = 3:1; 15-59 years of age = 10:1; 60+ years of age = 36:1), with the highest sex ratio for
machinery related fatality in the 60 years and older age group (62:1).4 As well, men were killed
proportionally more than women by farm machinery and women proportionally more by farm
animals.4
Machinery-related injuries for girls are most often attributable to run-over, congruent with the
gender distributions in farm related tasks.30 Similar patterns exist for adolescent farm children
who, by and large, conduct the same farm work as adults. The most common mechanism of
injury for adolescent boys is machinery-related roll-overs, while the most common injury
mechanism for girls is animal-related care.4 While these retrospective studies demonstrate clear
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patterns in farm fatalities by age and gender, neither offered an explanation as to why these
gender differences existed.

2.5 Gender, occupational farm hazards and injury in adolescence
Characteristics of children have been implicated in the application of occupational health and
safety practices and associated injury on farms.4,7,11,12 In an examination of gender and its
influence (in addition to other risk factors), a retrospective study conducted in Ontario, Canada,
included 4916 children aged 0 to 15 years of age from 1765 farms.27 Mothers were asked by
mail survey to provide details on their child’s injury while fathers and farm operators were,
separately, asked to provide exposure information. Study authors defined a farm accident or
injury as one that required medical attention by a doctor or emergency department.27 Adjusted
odds ratios of risk factors for farm injury in the 10-15 year old age group were: child’s male
gender (OR 3.17 [95% CI: 1.87, 5.39]) and mother’s education (OR 2.10 [95%CI: 1.01, 4.36], for
some postsecondary education compared to less than high school).27 Boys were at higher risk for
injury across all age groups, and this difference increased with age.27
A problem encountered with the Ontario study was that parents tended to under-report injuries
to boys as well as under-report less serious injuries.27 This might have affected the authors’
ability to detect associations with other predictors, particularly between adolescent age and injury,
which was inconsistent with other research.9,10 As well, information on each farm was requested
for 1991-1992 and not when the injury occurred, thus creating potential for memory loss for less
serious events.27
Another factor involved in the relationship with gender and injury is the use of personal
protective equipment.7 A recent educational intervention for adolescents on farm safety provided
an opportunity to examine personal protective equipment use and safety behaviors used by high
12

school students who conduct occupational farm activities.7 The study involved 593 high school
farm children from three US states. Study authors found that boys had a higher risk of exposure
to dusty jobs (OR 2.72 [95%CI: 1.49, 4.97]) and power take-off equipment use (OR 4.50 [95%CI:
2.74, 7.40]) compared to girls.7 Boys also engaged in risky behavior more often than their female
counterparts while adjusting for work exposure, having used respirators and hearing protection
inconsistently.7

2.6 The Saskatchewan Farm Injury Cohort Study
Agricultural health research has shown that individual characteristics and contextual factors
are intimately connected and are worthy of consideration in all occupational health and safety
research on the farm.31,32 Individual level risk factors include personal health behaviors and
physiological factors such as age and co-morbid conditions. Contextual level risk factors are the
conditions or environment in which we work. Individual and contextual factors have not been
fully studied in tandem until a recent Canadian initiative, the Saskatchewan Farm Injury Cohort
Study (SFIC).32
The SFIC is a major Canadian study designed to understand the contributions of contextual
and individual level determinants as risks for farm injury.32 The objectives of the SFIC were to
examine associations between individual and contextual level exposures and the occurrence of
farm injury. The baseline component of the survey study included 5502 farm residents on 2390
farms. The prospective component compiled data on injury experiences on the farms over two
years of follow-up.
Several articles have emerged from the SFIC that have been previously discussed, as well as
more in progress, including the study of: an association between sleep loss and economic worry
in owner/operators5; predictors of farm work engagement6; operational safety practices as
13

determinants of machinery-related injury33; participation in a long-standing Saskatchewan
Agricultural Health and Safety Network and its association with farm safety practices and
physical farm hazards35; and, relationships between pain, medication and injury in older
farmers36; adult long work hours as a determinant of child exposures to hazards34 (forthcoming),
socio-economic gradients in risk for injury37 (forthcoming); and, use of the SFIC to test
population health theory (forthcoming)38. This thesis will also use the SFIC to examine
associations between gender, occupational health and safety practices and farm injury.

2.7 Rationale for thesis
This thesis studies associations between gender and the non-use of occupational health and
safety practices. As well, it will study the active use of occupational health and safety practices
and farm injury, and also explore whether gender modifies these relationships. This research is
valuable because of the following: (1) there is a need for occupational research that examines
farm injury with a gender lens; (2) due to the lack of research in this field, any prospective study
of the etiology of farm injury in Canada is novel; and, (3) evidence of differences in occupational
health and safety practices could inform public health measures designed to protect children, in
order to reduce gender disparities in risks for occupational farm injury.

2.8 Summary
Farm injury is costly, pediatric farm injury is preventable, and occupational health and safety
practices reduce the burden of injury.39,40 Past evidence has demonstrated a gender distribution in
farm injury, as well as in the conduct of hazardous farms tasks.4,15 The role of gender in the use
of occupational health and safety practices that, in turn, reduce injury, has received limited
attention in farm settings.7 Building on past research that identified a gender distribution in farm
work, it is important to examine determinants of farm injury through a gender-based analysis and
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provide evidence to inform efforts to reduce the risks for farm injury.24,25 We had the opportunity
to conduct such analyses using an existing cohort of farm people.
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Chapter 3
Gender and occupational health and safety practices among
Saskatchewan farm adolescents
3.1 Abstract
BACKGROUND: Children on farms perform hazardous tasks that put them at risk for injury.
The latter include operation of heavy machinery, working with limited supervision, working at
heights and performance of work prohibited by law in other industries. Incidence rates and
patterns of injury are known to differ between boys and girls working in farm settings. However,
use of occupational health and safety practices, and whether they vary by gender, have received
limited study in farm occupational settings.
OBJECTIVE: To evaluate the association between gender and occupational health and safety
practices reported for hazardous work among a sample of adolescent children aged 12-18 years
who work on Saskatchewan farms.
DESIGN/METHODS: A cross-sectional study was conducted using baseline data from an
ongoing cohort. Analyses employed conventional descriptive statistics and multiple logistic
regression analyses. We compared: (1) non-use of personal protective equipment; (2) conduct of
specific hazardous tasks; (3) non-use of training and supervision for equipment work; and, (4)
non-use of training and supervision for large animal work, with a focus on reported differences by
gender.
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RESULTS: 685 children were identified, 297 (43%) met eligibility criteria. 170 were boys
(57%), with a mean age of 14.5 years (SD 1.9). Non-use of occupational health and safety
practices varied by gender; girls reported higher relative odds for the non-use of personal
protective equipment (adjusted OR 2.39 [95% CI: 1.16, 4.94]). There was no evidence of an
association between gender and the conduct of hazardous tasks (adjusted OR 0.69 [95% CI: 0.28,
1.73]). Gender patterns surrounding non-use of training and supervision for work with heavy
equipment (adjusted OR 2.38 [95% CI: 0.53, 10.66]) and work with large animals (adjusted OR
1.52 [95% CI: 0.75, 3.06]) were positive but not significant.
CONCLUSION: Adolescent girls and boys report different occupational health and safety
exposures on the farm. Girls report fewer exposures to hazards, but also receive less training and
supervision in addition to less use of personal protective equipment, consistent with assigned
tasks. This gender disparity may indicate a need for a public health approach that recognizes
gender as a determinant of hazardous exposures and associated occupational injury on farms.

Keywords: agriculture, epidemiology, farming, gender, occupational health and safety,
pediatrics, public health
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3.2 Introduction
Approximately 1.3 million children live on family farms in North America.1 Boys are two- to
five-times more likely to experience a farm injury compared to girls, with the difference
increasing with age.2 Large proportions of these children report being injured on the farm, with
common mechanisms of injury also varying by age and gender.3-5 Machinery, blunt animal
trauma and falls have been the most common mechanisms of childhood farm injury for more than
two decades.4-6
The range of hazardous farm tasks in which workers engage is similar for adolescent children
as it is for older farm workers.7,8 Common hazardous tasks include the operation of unsafe and
heavy machinery, working with inadequate supervision despite accurate parental perception of
risk, and performance of work that is prohibited by law in other industries.10,11 When adjusted for
work exposure, rates of farm injury experienced by adolescents surpass those of adults.1,9
Differential exposure to farm work tasks and protective practices might be responsible for
patterns of observed farm injury by gender.12 The top three farm work tasks for North American
children under the age of 18 years are animal care, crop management and tractor operation; girls
are more often assigned to animal care and boys to tractor with attachment operations.13 Boys are
exposed more frequently to dusty jobs and power take-off equipment; they also engaged in risky
occupational behavior often while ignoring the need for adequate safety protections.14 The extent
of such gender disparities and their contributions to injury on the farm are not, however, fully
appreciated.
Health Canada’s (2000) definition of gender has been used as the basis of gender analyses for
the last decade; it defines gender as ―the array of socially constructed roles and relationships,
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personality traits, attitudes, behaviors, values, relative power and influence that society ascribes to
women and men.‖ (p. 14).15 This theoretical concept has direct application to farm settings, and
specifically to the work roles that are assigned to boys and girls on farms, as well as their
engagement in safety practices. Gender disparities in rates of farm injury reported in the
occupational injury literature have often been ascribed to differing roles and practices.2,12 Farm
injury patterns are congruent with the assignment of farm tasks by gender, but few studies have
examined these issues with a gender lens.16,17
We had a unique opportunity to apply these theoretical principles to the study of gender and
occupational health and safety practices among a sample of children ages 12-18 years who work
on Saskatchewan farms. We profiled health and work experiences of this population of young
workers by gender. We also evaluated the association between gender and reported non-use of
occupational health and safety practices for work on the farm. Based on the cited gender theory,
and observed injury patterns, we hypothesized that observed gender differences would exist and
be pronounced in this setting. Evidence of differences in the non-use of occupational health and
safety practices could inform public health measures designed to protect this young population, in
order to reduce gender disparities in risks for occupational injury on the farm.

3.3 Methods
This study evaluated a cross-sectional baseline survey conducted with an existing farm cohort
in Saskatchewan.18 The survey involved a one-year period of recall from the early months
(February through April) of 2007.

3.3.1 Sample
Survey data were collected on one occasion from farm families recruited to the Saskatchewan
Farm Injury Cohort Study.18 Two sources were used to identify farms in the original sampling
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frame: (1) lists of farms from 165 municipalities that participated in an existing Saskatchewan
Agricultural Health and Safety Network (AHSN); and (2) lists of farms in non-AHSN rural
municipalities.18 Proportional samples were drawn from each group of municipalities; 50 rural
municipalities (of 53 approached; 93%) participated, and all active farms were contacted. At the
farm level, the response rate for the survey was 33 percent, or 2390 farms. The SFIC response
rate was modest with over representation from cattle and beef farms (54.0% compared to 27.6%
for the province19). The subset of family farms with an adolescent child used in this manuscript
also had over representation with 59.9 percent response from cattle and beef farms. This nonrepresentativeness might limit generalizability of any descriptive findings, and possibly
associations between factors as well.
A respondent from each farm family reported information on their youngest working
adolescent who was a resident on the farm. Variables assessed included: demographics,
occupational health and safety experiences measured using a number of Likert-type items, and the
occurrence of farm injury during the past 12 months.
Stakeholders were involved in the design and development of the survey and included farmers
from Saskatchewan, representatives from Saskatchewan rural municipal councils, as well as
academic faculty with expertise in farm injury from Canada, the United States and Australia. The
survey was piloted on a small sample of farms from two rural municipalities who were later
excluded from the full survey.18
Ethics approval for the survey was obtained from the Behavioural Sciences Research Ethics
Board from the University of Saskatchewan and the Health Sciences Research Ethics Board from
Queen’s University.
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3.3.2 Inclusions and exclusions
Of the 2390 participating farms, 685 reported having at least one working farm adolescent
under the age of 19 years (Figure 1).
Exclusions from these 685 farms were as follows: (1) no identifiable gender (n=48); (2)
adolescent not a member of the resident farm family, precluding the possibility of assessment of
personal covariates used in statistical modeling (n=245); (3) adolescent less than 12 or older than
18 years of age (n=88); and, (4) farm not a traditional family operation (n=1). A total of 303
adolescent children remained in the sample available for analysis.

3.3.3 Study variables
3.3.3.1 Primary Exposure
Gender was the primary exposure for each of the four outcomes under study, reported as a boy
or a girl.
3.3.3.2 Outcomes: occupational health and safety practices
Four personal safety practices were examined as outcomes in this study: (1) non-use of
personal protective equipment; (2) conduct of hazardous tasks; (3) non-use of training and
supervision for work with heavy equipment; and, (4) non-use of training and supervision for work
with large animals. Each of these variables was dichotomized (yes versus no) due to the scarcity
of cell counts within categories. These outcomes are further described below.
(1) Non-use of personal protective equipment
Use of personal protective equipment was defined as the use of dust masks, protective
eyewear and/or hearing protection, as applicable. This outcome was measured using one
ordinal item that queried whether the child was required to wear these types of personal
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Figure 1. Flow chart describing inclusion of adolescent children aged 12 to 18 years working on Saskatchewan family farms; Saskatchewan Farm
Injury Cohort, 2007.
Children in dataset (n=685)
Unknown gender (n=48)

Outside age range 12-18 (n=88)
No data on personal covariates (n=245)
Not a family farm (n=1)
Eligible for analysis (n=303)

Absence of data on
Personal Protective
Equipment use (n=11)
Outcome 1: use of Personal
Protective Equipment (n=292)

Incomplete hazardous
tasks/
conditions scale (n=15)

Outcome 2: hazardous
tasks/conditions (n=288)

Incomplete
training/supervision data
on animal tasks (n=55)

Outcome 3: use of training/
supervision for animal tasks (n=248)

26

Incomplete training/
supervision data on
equipment tasks (n=26)

Outcome 4: use of training/ supervision
for equipment tasks (n=277)

protective equipment (1=never, 2=occasionally, 3=often, 4=always), and then dichotomized
(never versus all other categories).
(2) Conduct of hazardous tasks
A score for hazardous tasks was calculated through the use of a scaled measure. The score
was derived from the frequency (1=everyday, 2=at least once/week, 3=at least once/month,
4=less than once/month, 5=never) of the following potentially hazardous tasks: (i) operation
of a tractor greater than 20 horsepower; (ii) operation of a tractor without rollover protection
structures; (iii) operation of farm equipment greater than 20 years old; (iv) work at heights;
and, (v) involvement in particularly hazardous large animal work such as branding, calving,
feeding or transporting. Responses were provided for each season. This scale had a good
level of internal consistency established previously (Cronbach’s alpha=0.79).20 Responses
for spring were selected initially, with replacement by summer responses when the former
was not available, followed by fall. The scale score ranged from 0-25 and conduct of
hazardous tasks was subsequently categorized as never versus all other categories due to
small cell sizes.
(3) Non-use of training and supervision for heavy equipment work
Use of training and supervision for heavy equipment work tasks was requested using two
single items reported categorically (1=never, 2=occasionally, 3=often, 4=never): ―How
often is the young worker trained and observed prior to operating a piece of equipment?‖ and
―How often is the young worker supervised when operating farm equipment?‖ Scores of 2
(never used training and supervision) to 8 (always used training and supervision) were
possible; these were later categorized as no (≤2) versus yes (3-8). Based on the two items,
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this scale had a good level of internal consistency (Cronbach’s alpha=0.78), again established
previously.20
(4) Non-use of training and supervision for large animal work
Use of training and supervision for large animal work tasks was requested using two single
items reported categorically (1=never, 2=occasionally, 3=often, 4=never): ―How often is the
young worker trained and observed prior to taking on a new job involving large animals?‖
and ―How often is the young worker supervised when handling large animals?‖ As above,
scores were categorized as no (score≤2) versus yes (score 3≤8). Based on the two items, this
scale also had an established level of good internal consistency (Cronbach’s alpha=0.78).20
3.3.3.3 Potential confounders
Individual and contextual-level variables were considered as confounders based on previous
evidence as well as theoretical considerations. Potential confounders at the farm level were
commodity type and number of farm family members.21 At the individual-level these included
education, number of hours worked on the farm, type of farm work, sleep patterns and comorbidities.14,22,23 As there was only one child described per farm, the unit of analysis was the
farm, and all variables were treated as individual-level factors in regression analyses.
3.3.4 Statistical analyses
Data were analyzed using SAS Version 9.1 (SAS Institute, Cary NC). Demographic
characteristics of the study sample were profiled using conventional descriptive statistics.
Relationships between gender and each of the four outcomes were examined using multiple
logistic regression models via the SAS LOGISTIC procedure. All models included adolescent
age, hours worked on the farm and type of work as potential confounders; these were forced into
the models based upon prior theory. A backward elimination strategy was used for variable
28

selection to confirm the most parsimonious model for each study outcome. The criterion for
variable retention in the model was a conservative p-value of ≤0.25.24 Additional covariates
included were adolescent seasonal sleep patterns, education, farm commodity, number of farm
family members and economic worry (as a proxy for socioeconomic status). Co-morbidities were
initially considered for inclusion; however, there were too few children with reported comorbidities to include this variable in the analysis. A projected 80 percent power was used to
determine a minimum detectable difference using a two-tailed test and a significance of 0.05. A
moderate to large effect size could be detected (absolute differences in percent > 30) under
varying underlying statistical assumptions.25

3.4 Results
Among adolescent children in the sample, 170 (57.2%) were boys and 127 (42.8%) were girls
with a median age of 14.5 years (IQR: 13-16; Table 1). Farms with these children reported the
following commodities: dairy and beef cattle (59.9%), crop lands (grain, vegetables and fruit;
89.6%) and pigs, poultry and other animals (17.5%; Table 2).

3.4.1 Profile of health and work experiences
The majority of children typically obtained seven or more hours of sleep per night during the
busiest farm season (82%) and had no reported health co-morbidities (91%). Many adolescents
in the sample reportedly conducted hazardous farm activities such as operation of a tractor greater
than 20 horsepower (59%), operation of a tractor in the absence of rollover protection structures
(31%), operation of farm equipment greater than 20 years old (44%), working at heights (48%),
and working with large animals (61%). Adolescents had never used personal protective
equipment (18%), and had never been formally trained and supervised for equipment work (4%)
or animal work (16%).
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Table 1. Baseline characteristics of adolescent family farm workers aged 12-18 years (n=297) on
Saskatchewan farms, 2007.
Variable
N
%[a]
Demographic
Gender
Boy
170 57.2
Girl
127 42.8
Education
Less than high school
265 89.2
Completed high school
32 10.8
Farm socioeconomic worry
High
94 31.6
Medium
149 50.2
Low
52 17.5
Commodity type [b]
Cattle (beef, dairy)
178 59.9
Crops (grains, vegetables)
266 89.6
Other animals (pigs, poultry, other)
52 17.5
Health
Typical hours of sleep per night during busiest season
>7 hours
243 81.8
≤7 hours
52 17.5
Co-morbidities
0
269 90.6
≥1
28
9.4
Operational practices
Use of personal protective equipment
Ever
239 80.5
Never
53 17.8
Use of training and supervision for equipment work
Ever
266 89.6
Never
11
3.7
Use of training and supervision for animal work
Ever
199 67.0
Never
49 16.5
Conduct of hazardous tasks
Operates tractor > 20 horsepower
Ever
175 58.9
Never
122 41.1
Operates tractor without rollover protection structures
Ever
93 31.3
Never
203 68.4
Operates farm equipment > 20 years old
Ever
131 44.1
Never
162 54.5
Works at heights
Ever
141 47.5
Never
155 52.2
Works with large animals
Ever
180 60.6
Never
112 37.7
[b]
Conducts work with equipment
178 63.6
[b]
Conducts work with animals
155 63.5
[a]
[b]

percent missing is not presented
not mutually exclusive
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Table 2. Univariate description of demographic and operational characteristics (n=297); Saskatchewan
Farm Injury Cohort, 2007.
Variable
Demographic characteristics
Age of child, years
Number of farm family members
Operational characteristics
Hours worked per week
Acreage Use [a]
Grain crop
Forage crop
Pasture
Summer fallow
Other land
Livestock counts[a]
Beef cattle
Dairy cattle
Hogs
Poultry
Other animals
[a]
not mutually exclusive

N

Mean

SD

Median

Q1-Q3

297
297

14.5
4.8

1.9
1.49

15.0
5.0

13.0-16.0
4.0-5.0

279

12.4

11.6

10.0

4.0-17.5

259
183
199
143
88

1449.4
296.7
659.0
320.2
130.3

1757.8
335.8
1287.9
318.9
165.1

1050.0
160.0
280.0
250.0
77.5

500.0-1880.0
70.0-400.0
110.0-560.0
53.0-500.0
6.0-180.0

264
99
110
127
145

79.2
3.5
11.7
88.9
32.1

107.9
24.5
69.8
711.3
121.2

32.5
0
0
0
0

0-125.0
0-0
0-0
0-0
0-5.0

Table 3 describes the associations between gender and the primary outcomes, as well as a
number of important covariates. Gender was associated with different occupational health and
safety practices, with girls having a higher chance of non-use of personal protective equipment
(13% versus 25%, p≤0.01), while less likely to conduct hazardous tasks (93% versus 85%,
p≤0.05), and conduct equipment work (74% versus 50%, p≤0.0001). Girls were younger age (15
versus 14 years old, p≤0.01), and worked fewer farm hours per week on average (p≤0.01).
3.4.2 Use of personal protective equipment
The association between gender and the non-use of personal protective equipment remained
after controlling for the age, commodity type, nature and duration of farm work (Table 4). Girls
reported higher relative odds for the non-use of personal protective equipment (OR 2.39 [95% CI:
1.16, 4.94]) compared to boys after controlling for key covariates. Meanwhile, farms with crop
commodities reported a lower odds for the non-use of personal protective equipment.
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Table 3. Associations between gender and demographic, health and operational characteristics among
adolescent family farm workers aged 12-18 years (n=297); Saskatchewan Farm Injury Cohort, 2007.
Boy (n=170)
n (%)
Demographic characteristics
Highest level of education
Less than high school
Completed high school
Farm socioeconomic worry
High
Medium
Low
Health characteristics
Typical hours sleep per night during busy season
>7 hours
≤ 7 hours
Co-morbidities
None
≥1
Operational practices
Non-use of personal protective equipment
Ever used
Never used
Non-use of training/supervision for equipment work
Ever used
Never used
Non-use of training/supervision for animal work
Ever used
Never used
Conducts hazardous tasks
Ever
Never
Conducts work with equipment
Yes
No
Conducts work with animals
Yes
No
Demographic characteristics
Age of child
Number of farm family members
Operational practices*
Farm hours worked per year
[a]

p-value[a]

0.31
149 (87.6)
21 (12.4)

116 (91.3)
11 (8.7)

55 (32.4)
80 (47.1)
35 (20.6)

39 (31.2)
69 (55.2)
17 (13.6)

143 (84.1)
27 (15.9)

100 (80.0)
25 (20.0)

150 (88.2)
20 (11.8)

119 (93.7)
8 (6.3)

146 (86.9)
22 (13.1)

93 (75.0)
31 (25.0)

162 (97.6)
4 (2.4)

104 (93.7)
7 (6.3)

110 (80.9)
26 (19.1)

89 (79.5)
23 (20.5)

153 (93.3)
11 (6.7)

105 (84.7)
19 (15.3)

119 (73.5)
43 (26.5)

59 (50.0)
59 (50.0)

83 (60.1)
55 (39.9)
median (IQR)

72 (67.9)
34 (32.1)
median (IQR)

15 (13-16)
5 (4-5)

14 (13-16)
5 (4-6)

0.008
0.11

585 (260-1066)

390 (182-741)

0.009

0.23

0.36

0.11

0.01

0.12

0.78

0.02
≤ 0.0001

0.21

Chi-square for categorical variables; Wilcoxon rank test for continuous variables
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Gender
Girl (n=127)
n (%)

Table 4. Associations between gender, selected covariates and non-use of personal protective equipment
use among adolescent family farm workers aged 12-18 years (n=292).
Non-Use of Personal Protective Equipment
Variable
n (row percent)
Never
Ever Used
Unadjusted OR
Adjusted OR
Used
n (%)
(95%CI)
(95%CI)1
n (%)
(assumed
riskier)
Demographic
Gender
Boy
22 (13.1) 146 (86.9) 1.00 (referent)
1.00 (referent)
Girl
31 (25.0)
93 (75.0) 2.21 (1.21-4.05)2 2.39 (1.16-4.94)3
Age of child, years
0.84 (0.71-0.99)
0.86 (0.70-1.05)
Highest level education
Less than high school
50 (19.2) 210 (80.8) 1.00 (referent)
Completed high school
3 (9.4)
29 (90.6) 0.44 (0.13-1.48)
Socioeconomic worry
Low
6 (12.0)
44 (88.0) 0.66 (0.24-1.82)
Medium
31 (21.0) 117 (79.0) 1.29 (0.66-2.52)
High
16 (17.0)
78 (83.0) 1.00 (referent)
Health
Typical hours of sleep per night, busy season
> 7 hours
48 (20.0) 192 (80.0) 1.00 (referent)
≤ 7 hours
5 (9.6)
47 (90.4) 0.43 (0.16-1.13)
Comorbidities
0
51 (19.3) 213 (80.7) 1.00 (referent)
≥1
2 (7.1)
26 (92.9) 0.32 (0.07-1.40)
Operational
Commodity type
Cattle
39 (22.2) 137 (77.8) 2.07 (1.07-4.02)3
Crops
39 (14.9) 222 (85.1) 0.21 (0.10-0.47)4 0.28 (0.11-0.69)2
Other animals
12 (23.5)
39 (76.5) 1.50 (0.72-3.11)
Per 100 farm hours worked
0.95 (0.89-1.01)
1.00 (0.93-1.07)
Type of work
Conducts equipment work
Yes
27 (15.2) 151 (84.8) 0.52 (0.28-0.95)4 0.63 (0.29-1.38)
No
25 (25.8)
72 (74.2) 1.00 (referent)
1.00 (referent)
Conducts animal work
Yes
35 (22.9) 118 (77.1) 2.28 (1.07-4.88)4 1.76 (0.77-4.07)
No
10 (11.5)
77 (88.5) 1.00 (referent)
1.00 (referent)
1
2

Adjusted for age, commodity, hours worked, type of work.
p≤0.01; 3 p≤0.05; 4 p≤0.0001
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3.4.3 Conduct of hazardous tasks
Factors associated with increased relative odds for the conduct of hazardous tasks included
gender, age, cattle commodities and duration of farm work (Table 5). In the adjusted model, the
association between gender and hazardous tasks became non-significant. After controlling for
gender, age and work with equipment, adolescent children who conducted large animal work
reported 2.71 times the odds of conducting hazardous tasks compared to adolescents who did not
conduct large animal work (95% CI: 1.06, 6.94). As well, the odds of conducting hazardous tasks
increased 19 percent per 100 farm hours worked over the year (OR: 1.19 [95% CI: 0.92, 1.52).

3.4.4 Use of training and supervision for work with equipment
No statistically significant association was identified between gender and the non-use of
training and supervision while using equipment (Table 6). In the adjusted model, after
controlling for gender, age and farm hours worked per year, the odds of not using training and
supervision for equipment work increased 2.04 (95% CI: 1.45, 2.87) for each additional person in
the farm family.

3.4.5 Use of training and supervision for work with large animals
Gender was unrelated to the non-use of training and supervision for large animal work (Table
7). After controlling for gender, age of the child and farm hours worked, lower farm
socioeconomic worry seemed to provide a protective effect against the non-use of training and
supervision for large animal work compared to high socioeconomic worry.
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Table 5. Associations between gender, selected covariates and conduct of hazardous tasks among
adolescent family farm workers aged 12-18 years (n=288).
Conduct of Hazardous Tasks, n (row percent)

Variable
Ever
n (%)
Demographic
Gender
Boy
Girl
Age of child, in years
Highest level education
Less than high school
Completed high school
Number farm family members
Socioeconomic worry
Low
Medium
High
Health
Sleep per night in busiest season, hours
> 7 hours
≤ 7 hours
Comorbidities
0
≥1
Operational
Works with equipment
Yes
No
Works with animals
Yes
No
Commodity type
Cattle
Crops
Other animals
Per 100 farm hours worked/year
1
Adjusted for age, type of work, commodity.

Never
n (%)

Unadjusted OR
(95%CI)

Adjusted OR
(95%CI)1

153 (93.3)
105 (84.7)

11 (6.7)
19 (15.3)

1.00 (referent)
0.40 (0.18-0.87)2
1.34 (1.07-1.68)3

181 (70.2)
27 (90.0)

77 (29.8)
3 (10.0)

1.00 (referent)
1.70 (0.38-7.54)
0.84 (0.66-1.05)

29 (56.9)
105 (73.9)
74 (79.6)

22 (43.1)
37 (26.1)
19 (20.4)

0.37 (0.12-1.14)
0.63 (0.23-1.70)
1.00 (referent)

166 (70.3)
42 (84.0)

70 (29.7)
8 (16.0)

1.00 (referent)
0.97 (0.35-2.69)

188 (71.8)
20 (76.9)

74 (28.2)
6 (23.1)

1.00 (referent)
3.11 (0.41-23.83)

162 (33.3)
8 (80.2)

81 (66.7)
20 (19.8)

5.00 (2.11-11.84)
1.00 (referent)

1.71 (0.60-4.89)
1.00 (referent)

141 (92.2)
67 (79.8)

12 (7.8)
17 (20.2)

2.98 (1.35-6.60)3
1.00 (referent)

2.71 (1.06-6.94)2
1.00 (referent)

135 (77.1)
188 (72.9)
38 (73.1)

40 (22.9)
70 (27.1)
14 (26.9)

2.57 (1.19-5.58)2
0.27 (0.04-2.07)
1.11 (0.40-3.06)
1.31 (1.12-1.54)4

1.19 (0.92-1.52)2

2

p≤0.05;3p≤0.01;4p≤0.001

35

1.00 (referent)
0.69 (0.28-1.73)
1.17 (0.28-1.73)

Table 6. Associations between gender, selected covariates and non-use of training and supervision for
work with equipment among adolescent family farm workers aged 12-18 years (n=277).
Variable

Non-Use of Training and Supervision for Work with Equipment
Never
Used
n (%)

Demographic characteristics
Gender
Boy
Girl
Socioeconomic worry
Low-medium
High
Age of child, years
Highest level education
Less than high school
Completed high school
Number farm family members
Health characteristics
Sleep per night in busiest season, hours
> 7 hours
≤ 7 hours
Operational characteristics
Commodity type
Cattle
Crops
Other animals
Per 100 farm hours worked
1
2

Ever
Used
n (%)

Unadjusted OR
(95%CI)

Adjusted OR
(95%CI)1

4 (2.4)
7 (6.3)

162 (97.6)
104 (93.7)

1.00 (referent)
2.73 (0.78-9.54)

1.00 (referent)
2.38 (0.53-10.66)

5 (2.7)
6 (6.7)

182 (97.3)
84 (93.3)

0.38 (0.11-1.30)
1.00 (referent)
1.00 (0.73-1.37)

1.23 (0.85-1.78)

1.00 (referent)
0.79 (0.10-6.36)
1.99 (1.45-2.74)2

2.04 (1.45-2.87)2

10 (4.1)
1 (3.2)

236 (95.9)
30 (96.8)

9 (4.0)
2 (4.0)

218 (96.0)
48 (96.0)

1.00 (referent)
1.01 (0.21-4.82)

7 (4.2)
9 (3.7)
1 (2.1)

161 (95.8)
237 (96.3)
46 (97.9)

1.14 (0.33-4.00)
0.55 (0.11-2.67)
0.48 (0.06-3.83)
1.00 (0.90-1.10)

Adjusted for age, number of farm family members, hours worked.
p≤0.0001
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1.02 (0.92-1.12)

Table 7. Associations between gender, selected covariates and non-use of training and supervision during
animal work among adolescent family farm workers aged 12-18 (n=248).
Variable

Non-Use of Training and Supervision for Animal Work
Never
Used
n (%)

Ever
Used
n (%)

Demographic
Gender
Boy
26 (19.1) 110 (80.9)
Girl
23 (20.5)
89 (79.5)
Age of child, years
Highest level education
Less than high school
45 (20.4) 175 (79.6)
Completed high school
4 (12.3)
24 (85.7)
Socioeconomic worry
Low
8 (20.0)
32 (20.0)
Medium
16 (12.9) 108 (87.1)
High
25 (29.8)
59 (70.2)
Number of farm family members
Health
Typical hours of sleep/night,
busiest season
> 7 hours
44 (21.6) 160 (78.4)
≤ 7 hours
5 (11.4)
39 (88.6)
Comorbidities
0
45 (19.7) 183 (80.3)
≥1
4 (20.0)
16 (80.0)
Operational
Per 100 farms hours worked
1
Adjusted for age, socioeconomic worry, hours worked.
2

Unadjusted OR
(95%CI)

1.00 (referent)
1.09 (0.58-2.05)
1.08 (0.91-1.27)

Adjusted OR
(95%CI)1

1.00 (referent)
1.52 (0.75-3.06)
1.14 (0.95-1.38)

1.00 (referent)
0.65 (0.21-1.96)
0.59 (0.24-1.46)
0.35 (0.17-0.71)2
1.00 (referent)
1.02 (0.83-1.25)

0.54 (0.19-1.49)
0.39 (0.18-0.81)3
1.00 (referent)

1.00 (referent)
0.47 (0.17-1.25)
1.00 (referent)
1.02 (0.32-3.19)
0.97 (0.92-1.03)

0.96 (0.89-1.02)

p≤0.005; 3 p≤0.05

3.5 Discussion
3.5.1 Major findings
Children perform tasks that put them at risk for injury in the farm environment. Our findings
suggest that girls were consistently subject to an apparent disadvantage in the non-use of
appropriate occupational health and safety practices, even after adjustment for farm work
exposures. We did not identify varying gender patterns for conduct of hazardous tasks and nonuse of training and supervision for two types of farm work. These findings are congruent with
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previous research that reported differential engagement in farm tasks by gender but extend
existing findings to specific occupational risk and protective practices.5,13 Girls are more likely to
have never used required personal protective equipment. This could reflect a differential level of
access to personal protective equipment to protect them from injury.12 More specifically, lack of
equipment for working with large animals might be responsible, at least in part, for girls’ genderspecific farm injury patterns.12 It may also reflect a different cultural norm for the use of
protective practices by tasks traditionally assigned to girls on farms.
This gender-based analysis provides one demonstration of social differences in the manner
that working farm children are treated according to their gender.15 Observed differences in the
attribution of hazardous farm tasks by gender exist, with girls typically conducting farm tasks
associated with the care and nurturing of animals.5,12,13 These differences are important because
large animal work requires appropriate protective equipment (e.g., head and chest protection), as
well as adequate training and supervision, as is available for heavy machinery work for boys. As
well, traditional personal protective equipment lacks appropriate protective fit by age and
gender.26 This implies that girls may not be supplied with the equipment they need to protect
themselves while working with large animals on the farm, simply because it is not available.
There is a need for further understanding of the role of gender in the occurrence of farm injury
and work that causes it, in all age groups, from birth to old age. Key age and gender groups have
been previously identified as being at risk for serious head injury in the farm setting: children,
mainly boys, under the age of 10 years (runovers, drowning, falls), adolescent girls (injuries
involving animals) and senior men over the age of 65 years (injuries involving machinery and
falls).16,27 Speculatively, contributors to these patterns might include work practices, culture,
division of household labor, gendered control over decision-making on the farm, among other
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explanations.28 Application of gender-based analyses15 in farm injury across the lifespan is
needed to inform health promotion and health protection initiatives, to understand and develop
strategies to reduce these types of farm injuries.

3.5.2 Strengths and limitations
Important limitations of this study were potential misclassification of study outcomes and the
modest sample size. Use of a farm respondent, typically a parent, to report the occupational
health and safety outcomes on behalf of their child can lead to reporting errors. To illustrate,
parents often over-report their child’s use of safety measures.29 If this bias was non-differential
by gender, the strength of the associations would be underestimated or closer to the null; if it was
a differential bias, then the result could be in either direction.
Second, our abilities to quantify associations were affected by our modest sample size and our
further need to collapse continuous variables into two categories. This led to loss of information,
and the statistical power to detect changes in the association between gender and use of training
and supervision was also more limited than planned. This was particularly true for two outcomes
(use of training and supervision for work with heavy equipment, use of training and supervision
for work with large animals) that demonstrated a possible modest effect that did not achieve
statistical significance. However, changing the cut-point for sensitivity analysis obtained similar
results.
Strengths of this cross-sectional study warrant comment. They include our ability to measure
and evaluate multiple potential outcomes in some depth, our focus on gender-based analyses
which represents a topic of contemporary and theoretical interest, and our use of a populationbased sample.
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3.5.3 Implications for injury prevention
Protection of society’s young farm generations requires thoughtful attention to the
occupational risks that they experience. Demonstration of clear gender differences in the risks
and protective factors on farms assists the planning of prevention programs. Application of
traditional injury prevention has resulted in the evolution of three mechanisms to promote safetyrelated behavior. These are known as the ―3 E’s‖: Education, Engineering and Enforced rules
and regulations.30 Engagement of stakeholders and consideration of economic incentives have
also been examined as facets of successful injury prevention strategies.31
With these strategies in mind, consideration should be given to the principles of gender
differences in work assignment for educational curriculum pertaining to farm safety. Second,
awareness of differential exposures by gender could inform the development and refinement of
legislation, both at the societal and farm level, such as a requirement that workers have equal
access and protection, irrespective of factors such as gender. Third, engineering considerations
require consideration of the needs of girls, including fit, ergonomics and comfort. Such
recommendations could support change to injury prevention initiatives to protect working
children on the family farm. Finally, farmers and farm safety professionals should be encouraged
to evaluate the role of gender in the occurrence of injury and related occupational risks, as a basic
educational strategy.

3.5.4 Summary and conclusions
Our findings suggest that girls appear to be disadvantaged when it comes to the non-use of
certain occupational health and safety practices on the family farm. The evidence is less
convincing with respect to the other gender analyses that were conducted. A gender lens is
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necessary to apply farm injury prevention programs including education, engineering and
enforcement options that consider gender and its role in farm injury.
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Chapter 4
Adolescent occupational health and safety practices as determinants
of time to injury on family farms: A prospective study
4.1 Abstract
BACKGROUND: Farming is a hazardous occupation with recurrent and serious injury patterns.
Determinants of farm injury have received limited attention via prospective studies.
OBJECTIVE: To evaluate the association between adolescents’ use of occupational health and
safety practices and the time to first injury in farm family members in the province of
Saskatchewan.
DESIGN/METHODS: We completed a prospective cohort study with data assembled from the
existing Saskatchewan Farm Injury Cohort. We compared injury experiences among farms with
and without reports of the following exposures to adolescent workers aged 12 to 18 years: (1) use
of personal protective equipment; (2) conduct of hazardous tasks; (3) use of training and
supervision for equipment work; and, (4) use of training and supervision for large animal work.
These exposures were used to indicate the general culture of safety on the farm. Study outcomes
were times to the occurrence of various types of first injury. A priori, we also studied whether the
associations varied by gender. Cox proportional hazards models with robust standard errors to
account for correlation among farm family members were employed.
RESULTS: A total of 1635 individuals on 550 farms were available for analysis. 936
participants were male (57%), and the majority were aged 40 years or older. Almost half of the
reported first injuries involved machinery (41%), followed by fall injuries (15%) and injuries
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involving large animals (15%). No statistically significant differences were found between use of
personal protective equipment (adjusted HR 1.25 [95% CI: 0.76, 2.06]), use of training and
supervision during heavy equipment work (HR 1.25 [95% CI: 0.69, 2.28]), use of training and
supervision during large animal work (HR 1.06 [95% CI: 0.59, 1.92]), or the conduct of
hazardous tasks (HR 1.04 [95% CI: 0.67, 1.63]), and the time to the first injury. We did not
identify any significant interactive effects in these models by gender. When stratified by injury
type, no evidence was found to support associations between these occupational health and safety
practices on the farm and time to the first injury.
CONCLUSION: Unexpectedly, we did not identify strong and consistent associations between
farm occupational health and safety practices and injury. Gender did not modify these
relationships. Other factors such as age, type of work, socioeconomic worry, number of farm
family members and farm commodity accounted for the observed variation in risks for injury.
Based upon these negative findings, there is a methodological need for better assessment of the
exposures under study, and for adequate control of confounding variables salient to the
relationship under study.

Keywords: agriculture, injury, occupational health and safety practices
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4.2 Introduction
Farming remains one of the most hazardous occupations in North America.1 In Canada, the
economic burden of farm injury has been conservatively estimated to be $200 to $300 million
annually.2 The most common mechanisms of farm injury have remained the same for over two
decades: machinery, animal care and falls.3,4 Etiological analyses have shown that children and
seniors account for a disproportionate number of non-fatal farm injuries, while middle age
farmers tend to experience more severe injuries.5,6
Determinants of farm injury are complex, and include both individual and operational
characteristics.7 Age, gender and sleep habits have been identified as important risk factors at the
individual level while hours worked per week, economic worry and type of work have been
identified as risk factors at the operational level.8-10 Occupational health and safety practices are
known determinants of injury in other industrial settings.11.12 The use of training and supervision
during hazardous tasks has increased safety knowledge in other settings, but its effects have not
been demonstrated with farm injuries.13 Beyond the latter studies, little research has applied the
use of health and safety practices as key determinants on occupational injury on farms.
We had an opportunity, among a sample of Saskatchewan family farms, to evaluate
associations between occupational health and safety measures and the occurrence of farm injury
over two years of prospective follow-up.7 Based on past literature and related theory, we
hypothesized that the active use of occupational health and safety practices would be associated
with later time to first injury on the farm.11-13 Occupational health and safety practices available
for assessment included: use of personal protective equipment, use of training and supervision
during heavy equipment work, use of training and supervision during large animal work and the
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conduct of sentinel hazardous tasks. These exposure measures were specific to adolescent
workers aged 12 to 18 years, and were used to indicate the general culture of safety on each farm.
These farm-level exposures were related to injuries to all family members within each farm under
study. We also evaluated whether observed effects in our models were modified by the gender of
the adolescent being reported, consistent with gender-based analysis.14 We viewed this research
to be important because of: (1) its focus on a particular set of risk factors that could be practically
modified to prevent injuries; (2) our use of a prospective cohort study approach, which is rare in
this facet of the occupational health literature; (3) the robust and modern qualities of our
statistical methods; and, (4) our particular exploration of gender as a potential moderator.

4.3 Methods
This study involved a mail-based survey administered to a prospective cohort in the province
of Saskatchewan, Canada (the Saskatchewan Farm Injury Cohort [SFIC]).7 Key stakeholders
were involved in the design and development of the survey instrument, including farm operators,
three representatives (farmers) from Saskatchewan municipal councils, as well as academic
faculty with expertise in farm injury.7 The survey approach and instrument was piloted on a
small sample from two rural municipalities that was later excluded from the full survey.7

4.3.1 Sample
Two sources were used to identify farms in the original sampling frame: (1) lists of farms
from 165 municipalities that participated in an existing Saskatchewan Agricultural Health and
Safety Network (AHSN)7; and (2) lists of farms in non-AHSN rural municipalities. Proportional
samples were drawn from each group of municipalities; 50 rural municipalities (of 53
approached; 93%) participated, and all active farms were contacted. At the farm level, the
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response rate for the baseline survey was 33 percent, or 2390 farms.7 Among these 2390 farms,
the total follow-up response rate over two years of study was 74.8 percent.7
Ethics approval for the study was obtained from the Behavioural Sciences Research Ethics
Board from the University of Saskatchewan and the Health Sciences Research Ethics Board from
Queen’s University.

4.3.2 Inclusions (Current Analysis)
Family farms that identified a resident working farm adolescent child between the ages of 12
and 18 years, inclusive, were eligible for this analysis (Figure 2). Of the total of 2390 farms
(5502 individuals), 685 farms (3836 people) identified having a working adolescent child under
the age of 19 on the farm, 555 farms (1666 people) reported having at least one resident working
farm adolescent child between 12- and 18-years of age. Five farms (31 people) were excluded as
non-family farms, leaving 1635 individuals available for analysis on 550 farms.
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Figure 2. Inclusion flow chart; Saskatchewan Farm Injury Cohort, 2007-2009.
Available for analysis
2390 farms
5502 individuals
No working child aged 12-18 years of age on farm
1705 farms

Child not a member of farm family
130 farms

Non-family farms
5 farms

Eligible for analysis
550 farms
1635 individuals
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4.3.3 Survey administration
The study involved a baseline survey conducted in the winter of 2007 that covered a 12-month
recall period followed by four data collection periods over two years of prospective follow-up.7
In the baseline survey, a respondent from each farm family reported occupational health and
safety practices pertaining to their youngest working adolescent; these measures were used to
infer the general culture of safety on the farm. They also reported that family members’ age and
gender, and a baseline one-year injury history. Covariates included both individual and farm
characteristics.7 At each follow-up measure, a single respondent on the farm was asked to report
the occurrence of injuries on the farm during the specific follow-up time period. The latter were
as follows: January 1, 2007 to September 30, 2007; October 1, 2007 to March 31, 2008; April 1,
2008 to September 30, 2008; and, October 1, 2008 to March 31, 2009.7 Family members with no
reported injury in the baseline survey were merged with the prospective data in order to increase
power to detect effects, thus 39 months of coverage was available for analysis.7
The study outcome was time to the occurrence of the first farm injury over 39 months from
baseline through to follow-up. A farm injury was defined as an event that: (1) occurred during
farm work that resulted in at least four hours lost time from farm work or usual activities, and/or
(2) where the individual was treated by a health professional or admitted to a hospital.7 Variables
included in the follow-up survey were: gender of the injured person, age, type of injury, body part
involved, month of injury, a narrative description of the event, as well as descriptions of the
severity of the injury.7 Participants were also asked to categorize injuries as involving machinery,
animals or falls.7 Participants were right censored at the earliest of two points: either at the time
of first injury (in months) or at the end of the 39-month period.
51

4.3.4 Study variables
4.3.4.1 Exposures: occupational health and safety practices
Four personal safety practices were examined as exposures in this study: (1) use of personal
protective equipment; (2) conduct of hazardous tasks; (3) use of training and supervision for work
with heavy equipment; and, (4) use of training and supervision for work with large animals. Each
of these variables was dichotomized (yes versus no) due to the scarcity of cell counts within
categories. These exposures are further described below.
(1) Use of personal protective equipment
Use of personal protective equipment was defined as the use of dust masks, protective
eyewear and/or hearing protection, as applicable. This exposure was measured using one
ordinal item that queried whether the child was required to wear these types of personal
protective equipment (1=never, 2=occasionally, 3=often, 4=always), and then dichotomized
(never versus all other categories).
(2) Conduct of hazardous tasks
A score for hazardous tasks was calculated through the use of a scaled measure. The score
was derived from the frequency (1=everyday, 2=at least once/week, 3=at least once/month,
4=less than once/month, 5=never) of the following potentially hazardous tasks: (i) operation
of a tractor greater than 20 horsepower; (ii) operation of a tractor without rollover protection
structures; (iii) operation of farm equipment greater than 20 years old; (iv) work at heights;
and, (v) involvement in hazardous large animal work such as branding, calving, feeding or
transporting. Responses were provided for each season. This scale had a good level of
internal consistency established previously (Cronbach’s alpha=0.79).7 Responses for spring
were selected initially, with replacement by summer responses when the former was not
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available, followed by fall. The scale score ranged from 0-25 and conduct of hazardous tasks
was subsequently categorized as never versus all other categories due to small cell sizes.
(3) Use of training and supervision for heavy equipment work
Use of training and supervision for heavy equipment work tasks was requested using two
single items reported categorically (1=never, 2=occasionally, 3=often, 4=never): ―How
often is the young worker trained and observed prior to operating a piece of equipment?‖ and
―How often is the young worker supervised when operating farm equipment?‖ Scores of 2
(never used training and supervision) to 8 (always used training and supervision) were
possible; these were later categorized as no (≤2) versus yes (3-8). Based on the two items,
this scale had a good level of internal consistency (Cronbach’s alpha=0.78), again established
previously.7
(4) Use of training and supervision for large animal work
Use of training and supervision for large animal work tasks was requested using two single
items reported categorically (1=never, 2=occasionally, 3=often, 4=never): ―How often is the
young worker trained and observed prior to taking on a new job involving large animals?‖
and ―How often is the young worker supervised when handling large animals?‖ As above,
scores were categorized as no (score≤2) versus yes (score 3≤8). Based on the two items, this
scale also had an established level of good internal consistency (Cronbach’s alpha=0.78).7
4.3.4.2 Study outcome
The primary outcome for this study was the time, in months, to first injury. Surveys asked the
farm representative to report whether there had been a farm injury. If yes, additional information
was requested about the injury event that permitted classification of specific injury types.
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4.3.4.3 Potential confounders
Individual and contextual-level variables were considered as confounders based on previous
evidence as well as theoretical considerations. Potential confounders at the individual level
included gender, sleep habits, age and co-morbidities.3,6,9 At the operational or contextual level,
available potential confounders were type of work conducted, farm hours worked per week,
economic worry and farm commodity.10,15

4.3.5 Statistical analyses
Data were analyzed using SAS Version 9.1 (SAS Institute, Cary NC). First, demographic
characteristics of the study sample were profiled using conventional descriptive statistics.
Relationships between the occupational health and safety practices and the time to first injury
were examined using the log-rank test, then with the use of Cox proportional hazards models
using the SAS PROC PHREG procedure. Robust standard errors were estimated to account for
the (minor) effects of clustering at the farm level. (Past analyses based upon shared frailty
models using the same data had identified virtually identical risk estimates as the robust standard
error approach; personal communication, Pickett W, 2010). All models considered the following
potential confounders based on past literature and related theory: type of work, gender, age, sleep
habits, co-morbidities, hours worked per week, economic worry and farm commodity.3,6,9,10,15
Based on theory, additional potential confounders included were number of farm family members
and education. We also considered gender of the individual as a potential effect modifier, as per
gender theory.14 A change in estimate approach was used to refine each model, followed by a
backward elimination strategy for variable selection to confirm the most parsimonious model for
each relationship under study. The criterion for variable retention in the model was p ≤ 0.25.16
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The survival function of each relationship was then obtained. Measures of effect were estimated
as hazard ratios and associated 95 percent confidence intervals.

4.4 Results
Of 1635 individuals in the sample from 550 farms, the majority were male (57%), were over
the age of 40 years (59%), had completed high school or another institution (68%), obtained
seven hours or less of sleep per night during the busy season (62%), reported no co-morbidities
(70%) and worked 30 or more hours per week (74%; Table 8). As well, 72 percent reported
conducting work with heavy equipment and 59 percent with large animals. A total of 198 injuries
were reported (36% of farms) with males (83%) aged 40-59 years (71%) accounting for the
majority of injuries (Table 9). Almost half of the injuries involved machinery (41%), followed by
falls (15%) and animal injuries (15%).
The majority of respondents reported that the adolescent on their farm was required to use PPE
when indicated (79%; Table 8). Active use of training and supervision for heavy equipment work
was reported by 88%; use of training and supervision for large animal work was reported by 62%,
while the conduct of hazardous tasks was reported by 27%.
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Table 8. Characteristics of participants from eligible farms in a Saskatchewan Farm Injury Cohort (n=1635 individuals on 550 farms); 2007-2009.
Personal-level characteristics
N
%
Farm-level characteristics
N
%
Demographic
Health and Safety Measures (primary exposures)[b,c]
Gender
Use of Personal protective equipment
Male
936
57.2
Ever used
1295 79.2
Female
699
42.8
Never used
340 20.8
Age, years
Use of training and supervision during equipment work
0-19
419
26.1
Ever used
1437 87.9
20-39
239
14.9
Never used
198 12.1
40-59
792
49.2
Use of training and supervision during animal work
≥ 60
158
9.8
Ever used
1008 61.6
Education
Never used
627 38.4
Less than high school
522
32.3
Conducts hazardous tasks
Completed high school
553
34.2
Ever
445 27.2
Completed university
252
15.6
Never
1190 72.8
Other institution
289
17.9 Demographic
Number of farm family members
Health
Sleep per night during busiest season
0-2
268 16.4
>7 hours
612
37.7
≥3
1367 83.6
≤7 hours
1010
62.3
Farm socioeconomic worry
Co-morbidities[a]
High
847 52.3
0
1149
70.3
Low
756 47.2
≥1
486
29.7 Operational
Commodity type [c]
Operational
Average hours of work per week
Cattle (beef, dairy)
970 59.3
< 30 hours
394
26.1
Crops (grains, vegetables)
1433 87.6
≥ 30 hours
1115
73.9
Other animals (pigs, poultry, other)
342 20.9
Conducts work with equipment
1049
71.9
Conducts work with animals
752
59.3
[a]
sleep apnea, arthritis, high blood pressure, heart disease, gastrointestinal problems, asthma/lung conditions, physical balance problems, attention deficit
(children), loud snoring
[b]
occupational health and safety measures of farm adolescent used to infer general farm conditions; [c] not mutually exclusive
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Table 9. Description of injuries to farm family members from eligible Saskatchewan farms (n=198
injuries).
N (%)
Gender
Male
165 (83.3)
Female
33 (16.7)
Age group
0-19 years
16 (8.1)
20-39 years
24 (12.1)
40-59 years
141 (71.2)
≥ 60 years
17 (8.6)
Leading injury type[a]
machine
78 (40.8)
animal
29 (15.3)
fall
52 (15.3)
other
52 (27.7)
[a]

not mutually exclusive

Table 10 shows associations between selected covariates and the primary occupational health
and safety exposures. P-values are reported from chi-square tests. Table 11 shows the
associations between farm injury and the ever use of personal protective equipment (HR 1.25
[95% CI: 0.76, 2.06]); the ever use of training and supervision for heavy equipment work (HR
1.25 [95% CI: 0.69, 2.28]); the ever use of training and supervision for work with large animals
(HR 1.06 [95% CI: 0.59, 1.92]); and the conduct of hazardous tasks (HR 1.04 [95% CI:0.67,
1.63]). Kaplan Meier curves with log-rank tests are shown in Figure 3. No evidence was found
in support of any statistically significant or socially important associations. Sensitivity analysis
was conducted by shifting the cut-point for occupational health and safety practices to
never/occasionally versus often/always and similar results were obtained. Sub-analyses were
conducted to stratify by injury type. No statistically significant associations were found.
In addition, no significant interactions were found in the associations by gender. That is,
relationships between occupational health and safety practices and times to first injury were
similar, whether the practices were ascribed to a boy or a girl.
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Table 10. Characteristics and associations between selected covariates, key adolescent occupational health and safety practices (primary exposures) among
family farm workers in a Saskatchewan Farm Injury Cohort.

Use of Personal Protective
Equipment, n (%)
Never
Ever Used
pUsed
value[a]
(assumed
riskier)
Demographic characteristics
Gender
Man
Woman
Highest level of education
Less than high school
Completed high school
Completed university
Other institution
Age, years
0-19
20-39
40-59
≥ 60
Health characteristics
Seasonal sleep per night
>7 hours
≤ 7 hours
Co-morbidities
None
≥1

Occupational Health and Safety Practices
Use of training and supervision
Use of training and supervision
during equipment work, n (%)
during large animal work, n (%)
Never Used
Ever Used
pNever Used
Ever Used
p(assumed
value[a
(assumed
value[a]
]
riskier)
riskier)

0.50
190 (20.3)
150 (21.5)

746 (79.7)
549 (78.5)

110 (21.1)
115 (20.8)
43 (17.1)
66 (22.8)

412 (78.9)
438 (79.2)
209 (82.9)
223 (77.2)

85 (20.3)
55 (23.0)
168 (21.2)
28 (17.7)

334 (79.7)
184 (77.0)
624 (78.8)
130 (82.3)

132 (21.6)
201 (19.9)

480 (78.4)
809 (80.1)

248 (21.6)
92 (18.9)

901 (78.4)
394 (81.1)

0.61
107 (11.4)
91 (13.0)

829 (88.6)
608 (87.0)

53 (10.2)
72 (13.0)
29 (11.5)
37 (12.8)

469 (89.8)
481 (87.0)
223 (88.5)
252 (87.2)

44 (10.5)
34 (14.2)
102 (12.9)
17 (10.8)

375 (89.5)
205 (85.8)
690 (87.1)
141 (89.2)

69 (11.3)
122 (12.1)

543 (88.7)
888 (87.9)

146 (12.7)
52 (10.7)

1003 (87.3)
434 (89.3)

0.86

561 (59.9)
447 (64.0)

191 (36.6)
203 (36.7)
118 (46.8)
104 (36.0)

331 (63.4)
350 (63.3)
134 (53.2)
185 (64.0)

136 (32.5)
77 (32.2)
323 (40.8)
80 (50.6)

283 (67.5)
162 (67.8)
469 (59.2)
78 (49.4)

228 (37.2)
391 (38.7)

384 (62.8)
619 (61.3)

661 (70.6)
529 (75.7)

136 (26.0)
170 (30.7)
67 (26.6)
70 (24.2)

386 (74.0)
383 (69.3)
185 (73.4)
219 (75.8)

112 (26.7)
70 (29.3)
210 (26.5)
43 (27.2)

307 (73.2)
169 (70.7)
582 (73.5)
115 (72.8)

165 (27.0)
277 (27.4)

447 (73.0)
773 (72.6)

427 (37.2)
200 (41.2)

722 (62.8)
286 (58.8)

295 (25.7)
150 (30.9)

854 (74.3)
336 (69.1)

p-value[a]

0.39

0.68

0.93

0.39

0.69
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275 (29.4)
170 (24.3)

0.03

0.41

0.40

Never

0.32

0.86

0.42

Ever
(assumed
riskier)

0.31
375 (40.1)
252 (36.0)

0.83

0.94

Conduct of hazardous tasks, n (%)

0.91

0.24

0.37

Table 10 (continued)

Use of Personal Protective Equipment,
n (%)
Never Used
Ever Used
p(assumed
value[a]
riskier)
Operational characteristics
Average hours worked/ wk
< 30 hours
≥ 30 hours
Conducts equipment work
No
Yes
Conducts animal work
No
Yes
Farm-level characteristics
Operational characteristics
No. farm family members
0-2
≥3
Commodity[b]
Cattle
Crops
Other animals
Demographic characteristic
Socioeconomic worry
High
Low
[a]
[b]

Occupational Health and Safety Practices
Use of training and supervision
Use of training and supervision
during equipment work, n (%)
during large animal work, n (%)
Never Used
Ever Used
pNever Used Ever Used p-value[a]
[a]
(assumed
value
(assumed
riskier)
riskier)

0.41
89 (22.6)
223 (20.0)

305 (77.4)
892 (80.0)

109 (26.6)
186 (17.7)

301 (73.4)
863 (82.3)

75 (14.5)
182 (24.2)

442 (85.5)
570 (75.8)

54 (20.2)
286 (20.9)

214 (79.8)
1081 (79.1)

237 (24.4)
249 (17.4)

733 (75.6)
1184 (82.6)

102 (29.8)

240 (70.2)

160 (18.9)
170 (22.5)

687 (81.1)
586 (77.5)

0.32
56 (14.2)
120 (10.8)

338 (85.8)
995 (89.2)

71 (17.3)
99 (9.4)

339 (82.7)
950 (90.6)

54 (10.4)
95 (12.6)

463 (89.6)
657 (87.4)

38 (14.2)
160 (11.7)

230 (85.8)
1207 (88.3)

132 (13.6)
170 (11.9)

838 (86.4)
1263 (88.1)

68 (19.9)

274 (80.1)

84 (11.1)
106 (12.5)

672 (88.9)
741 (87.5)

0.06

0.03
<
0.0001
0.02

251 (63.7)
688 (61.7)

154 (37.6)
409 (39.0)

256 (62.4)
640 (61.0)

386 (74.7)
108 (14.4)

131 (25.3)
644 (85.6)

127 (47.4)
500 (36.6)

141 (52.6)
867 (63.4)

0.14
0.89

118 (12.2)
592 (41.3)

852 (87.8)
841 (58.7)

0.01

82 (24.0)

260 (76.0)

292 (34.5)
315 (41.7)

555 (65.5)
441 (58.3)

p-value based on chi-square test with weight proportional to family size
not mutually exclusive
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308 (78.2)
791 (70.9)

79 (19.3)
316 (30.1)

331 (80.7)
733 (69.9)

124 (24.0)
211 (28.1)

393 (76.0)
541 (71.9)

35 (13.1)
410 (30.0)

233 (86.9)
957 (70.0)

< 0.0001
0.0003

295 (30.4)
407 (28.4)

0.003

88 (25.7)

675 (69.6)
1026
(71.6)
254 (74.3)

280 (33.1)
148 (19.6)

567 (66.9)
608 (80.4)

0.04

0.69

0.09

0.91

p-value[a]

0.16
86 (21.8)
324 (29.1)

<0.0001

0.28

0.66

Never

0.73

0.40

0.71

Ever
(assumed
riskier)

0.47
143 (36.3)
427 (38.3)

0.04

0.03

Conduct of hazardous tasks, n (%)

<0.0001

0.05

0.16
0.08
0.46
0.002

Table 11. Associations between baseline adolescent occupational health and safety practices (primary exposures) and farm injury among family farm workers in
Saskatchewan; 2007-2009.
Yes
Use of personal protective equipment
Never used
Ever used
Use of training/supervision for equipment work
Never used
Ever used
Use of training/supervision for work with large animals
Never used
Ever used
Conduct of hazardous tasks
Ever
Never

No

Farm Injury
Unadjusted HR

Adjusted HR

33 (9.7)
165 (12.7)

307 (90.3)
1130 (87.3)

1.00 (referent)
1.29 (0.88-1.90)

1.00 (referent)
1.25 (0.76-2.06)[a]

23 (11.6)
175 (12.2)

175 (88.4)
1262 (87.8)

1.00 (referent)
1.03 (0.67-1.59)

1.00 (referent)
1.25 (0.69-2.28)[b]

69 (11.0)
129 (12.8)

558 (89.0)
879 (87.2)

1.00 (referent)
1.19 (0.88-1.61)

1.00 (referent)
1.06 (0.59-1.92)[c]

55 (12.4)
143 (12.0)

390 (87.6)
1047 (72.9)

1.00 (referent)
0.98 (0.70-1.38)

1.00 (referent)
1.04 (0.67-1.63)[d]

[a]

Adjusted for type of work, gender, age, farm economic worry, sleep habits, hours worked per week, farm commodity and co-morbidities.
Adjusted for type of work, age, gender, farm economic worry, hours worked per week, farm commodity and co-morbidities.
[c]
Adjusted for type of work, gender, age, farm economic worry, hours worked per week, farm commodity and co-morbidities.
[d]
Adjusted for type of work, number of family members, gender, age, farm economic worry, hours worked per week, farm commodity and co-morbidities.
[b]
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Figure 3. Kaplan Meier estimates of survival function for associations between use of occupational health
and safety practices and farm injury; 2007-2009.

PPE, logrank = 0.18

Use of training and supervision during
Equipment work, logrank = 0.90

Use of training and supervision during
Work with large animals, logrank = 0.23

Conduct of hazardous tasks,
logrank = 0.92

Clockwise, top left to right: use of personal protective equipment (logrank = 0.18), use of training and supervision
during work with equipment (logrank = 0.90), use of training and supervision during work with large animals (logrank
= 0.23), conduct of hazardous tasks (logrank = 0.92).
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4.5 Discussion
4.5.1 Major findings
This was a negative study in that associations between the use of occupational health and
safety practices and time to first injury were not identified. Specifically, use of personal
protective equipment, use of training and supervision for heavy equipment work, use of training
and supervision during large animal work, and the conduct of hazardous farm tasks were not
associated with injury over the 39 month period.

4.5.2 Secondary findings
In bivariate analysis, there were several covariates that were associated with farm injury.
Associated covariates were as follows: gender, education, age, typical hours of sleep obtained
per night during the busiest season, having one or more co-morbidities, farm work in excess of 30
hours per week, type of work (work with heavy equipment and large animals) and number of
farm family members. Gender was also not found to be an effect modifier between use of
occupational health and safety practices and time to first injury.

4.5.3 Comparison of major findings with past occupational literature
The lack of associations reported in the current study are incongruent with studies reported in
the broader occupational health and safety literature. Past studies have reported an inverse
relationship between the use of personal protective equipment and the occurrence of occupational
injuries in other work contexts.11,12 To illustrate, fewer penetrating eye injuries were reported to a
national ocular trauma registry among those who were wearing safety goggles versus not at the
time of their work site injury.11 As well, the absence of protective equipment has been
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demonstrated as an important determinant of injury in the construction industry.12 Likewise,
apprentice training in the construction industry in one US state reduced injury rates by 31
percent.13
In the farm setting, Day and colleagues (2009) identified the absence of personal protective
equipment during chemical use as a risk factor for serious farm injury among Australian men.17
Agricultural research has shown that use of personal protective equipment by farm operators is
low with the exception of welding masks. 18 Our findings indicated that reported use of
occupational health and safety practices was high for adolescent farm children. Parents might
report the use of personal protective equipment for their children, but may fall short in ensuring
adherence.
There also might have been a potential social desirability bias in the reporting of the
occupational health and safety practices on behalf of adolescent farm children. For example, the
farm respondent might have been compelled to say that their child was trained and supervised,
even if this were a partial truth, during these hazardous tasks because they know the risks
involved for their child in their conduct of heavy equipment and large animal work20, and might
not wish to be perceived negatively by the study authors.
Atomistic fallacy is another source of bias. This fallacy occurs when individual-level
characteristics are applied to a higher level, as was the case in the application of adolescent
occupational health and safety practices to the farm level. Sources of this fallacy, similar to the
ecological fallacy, include the lack of information available for the safety practices of other
family members, and the possibility that measurement of safety practices at both levels could
have measured different constructs.21
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4.5.4 Comparison of secondary findings with existing literature
The use of occupational health and safety practices reduces specific types of occupational
injuries.11-13 Our study, however, fell short in identifying consistently similar results for four
types of safety practices. Several covariates were confirmed as being associated with farm injury.
These relationships have been previously identified in the literature.3,6,9,15 We did not, however,
find any significant interaction between occupational health and safety practices and time to first
injury by gender.
Some covariates such as education and socioeconomic stress on the farm were not associated
with farm injury in the current analysis. Previous literature indicates otherwise.20 This finding
could have been a result of an imprecise measure of socioeconomic status. We were limited in
the measures available to us in this regard.
4.5.5 Strengths and limitations
Important limitations of this study were potential non-differential misclassification of study
exposures, potential for uncontrolled confounding, a potential lack of generalizability, and lack of
ability to study injuries specific to the child and adolescent workers whose exposures were
assessed.
Misclassification of study exposures could have resulted through the use of a farm respondent
to report the occupational health and safety exposures for their adolescent child. Use of a proxy
respondent can cause errors in exposure assessment. Parents may over-report their child’s use of
safety measures, and such errors would likely bias estimates of effect towards no effect.
However, some observed effects were not in the expected direction, and this general finding was
inconsistent with a priori theory.
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Uncontrolled confounding is an important concern in this study. When a confounder is not
identified and controlled in an etiologic analysis, the association between two variables may be
distorted. The result could indicate a higher risk or diluted risk compared with the truth.
Potential confounders that were not assessed include farm culture, division of labor, power and
control over decision-making, among others.22
Social desirability bias might also be responsible for the results in this study. Parents who
report more work exposures on the farm may feel compelled to say that their work practices are
safe. Increased hazardous work exposures have produced positive associations with occupational
injuries23 suggesting that experience does not necessarily provide protection against farm injury.
A potential lack of generalizability also may limit this research. These results are applicable
to the cohort from whom the data came for this study, and within the cohort, only for reported
occupational health and safety exposures for residents of Saskatchewan farms with distinct
agricultural practices. This, too, may affect the external validity of our findings.
Finally, we had a lack of ability to study injuries specific to the adolescent children whose
exposures were applied in this study. Specifically, sub-analyses for injuries in the adolescent age
group were under powered due to small sample sizes of injured adolescent workers. The number
of resident adolescent children on farms in this cohort was small, as were the main types of farm
injuries (machinery, animal and falls). This limited the power of our study and led to use of an
imprecise outcome.

4.5.6 Implications for research: how could this analysis be improved?
Methodological considerations for research that emerged from this analysis were: (1)
misclassification through the use of a proxy respondent on each farm, as well as the use of
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adolescent measures to infer general farm safety culture, and (2) social desirability biases in
reporting that might distort effect estimates.
Misclassification in exposure assessment could have occurred with the use of proxy
respondents, perhaps producing an over-estimation of the use of occupational health and safety
practices used by their working farm adolescent.24 Misclassification could also have occurred
through the use of adolescent exposures to infer general farm safety culture. Farm families might
require their adolescent child to use occupational health and safety practices. Other family
members, however, might fall short in application of the same occupational health and safety
practices. The risk in the application of individual level characteristics to a higher level, such as
the farm family, can result in atomistic fallacy.21 Past research has shown that farms report
modest use of personal protective equipment.18 This situation could be improved by use of real,
as opposed to proxy, responses and injury experiences.24
In order to decrease social desirability bias, future research might consider innovative ways to
ensure its minimization. For example, the survey design can influence the way in which a
participant responds to an item. Investigators’ knowledge of previously reported low rates for use
of personal protective equipment on farms should be imparted to study participants to normalize
the behavior and encourage accurate responses.24 As well, avoiding the use of a proxy
respondents and requesting that each individual complete the assessment would minimize its
related misclassification and potential atomistic fallacy in applying these characteristics to a
group level.21,24
4.5.7 Summary and conclusion
The current study did not find associations between the use of occupational health and safety
practices and subsequent farm injury for heterogeneous farm injuries, nor for homogeneous types
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of injury. We also did not identify gender as an effect modifier. These results were inconsistent
with previous occupational literature. Study findings are likely attributable to methodological
limitations, hence we suggest opportunities for associated study of such factors in agricultural
populations.
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Chapter 5
General Discussion
5.1 Revisiting the purpose and objectives
The over-riding aims of this thesis were: (1) to explore the role of gender in the use of
occupational health and safety practices of adolescent children on Saskatchewan farms; (2) to
determine whether an association existed between occupational health and safety practices and
subsequent farm injury, and whether the latter relationship was modified by gender. This was
addressed via two manuscripts:
Manuscript 1. Among a sample of children ages 12 to 18 years who work on Saskatchewan
farms, we profiled their health and work experiences and evaluated the association between
gender and reported use of occupational health and safety practices for work on the farm. There
was an a priori expectation that gender differences existed in occupational health and safety
practices of working adolescents on the farm.
Manuscript 2. Among a sample of Saskatchewan farm workers, we wished to evaluate the
association between adolescents’ use of occupational health and safety practices on the farm and
the occurrence of injury on the farm, over 39 months. We also explored whether this relationship
was modified by gender of the individual. It was expected that the active use of occupational
health and safety practices, as a proxy for safe work culture, would be associated with reduced
time to injury from work on the farm.
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5.2 Major findings
Manuscript 1. The findings of manuscript 1 suggested that: (1) girls were consistently subject
to an apparent disadvantage in use of appropriate occupational health and safety practices, even
after adjustment for farm work exposures; (2) gender differences were not identified for conduct
of hazardous tasks and non-use of training and supervision for two types of farm work (heavy
equipment and large animal work); and, (3) girls were more likely to have never used required
personal protective equipment.
Manuscript 2. The findings of manuscript 2 suggested that: (1) appropriate uses of
occupational health and safety practices did not accompany reduced time to the first injury in
farm family members; (2) there was no evidence that any association between occupational health
and safety practices and time to first injury were modified by gender. In this manuscript, we
provide a number of methodological suggestions for future study.

5.3 Interpretation of findings
5.3.1 The role of gender
Consistent with past literature, gender is a determinant of some (e. g., non-use of personal
protective equipment) but not all (e. g., non-use of training and supervision) exposures to
occupational health and safety practices among farm adolescents.1 This reflects a gender-related
effect that potentially accounts for differential patterns of farm injury observed between boys and
girls.2,3 Girls are more likely to be assigned work for which fewer safety practices are available
or are perceived to be necessary.4
In our study that focused on relationships between farm occupational health and safety
practices and injury, we examined whether these effects were modified by gender. We found no
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significant interaction for any observed effects. This suggests that while gender plays a role in
the assignment of adolescent work4 and some associated occupational health and safety practices
on farms1, once adolescents are exposed to risks on the farm, they experience the same likelihood
of subsequent injury, irrespective of their gender.
In the future, gender analyses are best focused on the assignment of work and occupational
health and safety practices to boys and girls on farms, rather than differential effects observed by
gender in the relationships between hazardous exposures and injury outcomes.5

5.4 Threats to validity (internal and external)
5.4.1 Internal validity
Three issues affect internal validity: chance, bias and confounding.6 A discussion of these
issues and their application to the current research is provided.
The concept of chance refers to the ability to correctly identify associations, or lack thereof,
while minimizing the probability of a type I- or type II error. When an association is found, as in
the case between gender and non-use of personal protective equipment, it is either a true
association or a false positive (type I error). A priori, we had greater than 80 percent power to
detect a moderate difference if one existed in the population. We detected this association while
making only four primary comparisons, hence the probability of a type I error is modest.
Major sources of bias in the current study could include information bias (measurement error)
and selection bias. A brief discussion of these concepts as they apply to the current analyses is
provided below.
Measurement error refers to the accuracy and precision of measures employed in our study
estimates.6 Measurement error in an analytical study can be non-differential or differential. Non-

72

differential error will lead to a bias of risk estimates toward no effect.6 This might occur if farm
respondents were inaccurate in recalling information equally in both the exposed and nonexposed groups (in manuscript 1, by gender; in manuscript 2, by safety exposures). In contrast,
differential measurement error means that errors are distributed unevenly across groups.6 This is
problematic because it can result in a bias toward no association or an inflated association
(indicating a risk or protective effect).6 An example of differential measurement error would be if
farm respondents overestimated their child’s use of occupational health and safety practices for
one gender versus the other (manuscript 1). This is a real possibility for studies of gender in farm
situations, as parents may reflect differently on their child’s experiences according to their
gender.
Selection bias is the other potential source of bias in the current analyses.6 It is operationally
defined as the distortion of an association between an exposure and an outcome (e. g., between
gender and occupational health and safety practices, manuscript 1) due to selection.6 It would be
helpful to know whether any differences exist between responders and non-responders,
particularly for the baseline survey where the response rate was modest.7 However, information
on non-responders is unavailable. Selection bias is likely in the case of cross-sectional analyses
where both exposure and outcome have occurred, and relationships between the two factors can
become distorted due to who chooses to participate. Selection bias is less likely to occur in
prospective cohort studies, because the outcome has yet to occur at recruitment. Hence, selection
bias was more likely to be a problem in Manuscript 1 (cross-sectional) versus Manuscript 2
(prospective cohort).
Unknown or residual confounding can be an issue that leads to bias.6 Little is known about
residual confounders, but unadjusted associations in this thesis are not large, making the analyses
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vulnerable to effects of these unknown variables.6 When unadjusted associations are large, the
residual confounders must be very large to remove the association or pull it closer to toward no
effect.6 This was not the case in the current analyses, and residual confounding, by social and
other factors, could very well affect the relationships under study.
5.4.2 External validity
The threats to internal validity discussed above also determine the generalizability of these
results to other farm families through external validity. While response rates for the baseline
survey were modest and typical for mail-based surveys, and the follow-up periods had minimal
attrition, issues with internal validity will produce problems with external validity.6 The results
obtained in this research are applicable to the adolescents from the participating farm families in
the Saskatchewan Farm Injury Cohort and should not be generalized to other farm groups.

5.5 Implications for further research
Methodological considerations for research that emerged from this thesis were: (1)
misclassification through the use of a single respondent per farm, as well as the use of adolescent
measures to infer general farm safety culture, and (2) social desirability biases in reporting that
might distort effect estimates.
Misclassification in exposure assessment could have occurred with the use of proxy
respondents, perhaps producing an over-estimation of the use of occupational health and safety
practices used by their working farm adolescent.6,8 Misclassification could also have occurred
through the use of adolescent exposures to infer general farm safety culture. Farm families might
require their adolescent child to use occupational health and safety practices. Other family
members, however, might fall short in application of the same occupational health and safety
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practices. Past research has shown that farms report modest use of personal protective
equipment.9 This situation could be improved by use of real, as opposed to proxy, responses and
injury experiences.8
In order to decrease social desirability bias, future research might consider innovative ways to
ensure its minimization. For example, the survey design can influence the way in which a
participant responds to an item.6,8 Investigators’ knowledge of previously reported low rates for
use of personal protective equipment on farms should be imparted to study participants to
normalize the behavior and encourage accurate responses.8 As well, avoiding the use of a proxy
respondent and requesting that each individual complete the assessment would minimize its
related misclassification.6,8

5.6 Implications for prevention
Protection of society’s young farm generations requires thoughtful attention to the
occupational risks that they experience. Demonstration of clear gender differences in the risks
and protective factors on farms assists the planning of prevention programs. Application of
traditional injury prevention has resulted in the evolution of three mechanisms to promote safetyrelated behavior. These are known as the ―3 E’s‖: Education, Engineering and Enforced rules
and regulations.10 Engagement of stakeholders and consideration of economic incentives have
also been examined as facets of successful injury prevention strategies.7,11
With these strategies in mind, consideration should be given to the principles of gender
differences in work assignment for educational curriculum pertaining to farm safety. Outlets for
educational initiatives could include farm newspapers, the addition of the curriculum to 4H
programs, rural exhibitions. Second, awareness of differential exposures by gender could inform
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the development and refinement of legislation, both at the societal and farm level, such as a
requirement that workers have equal access and protection, irrespective of factors such as gender.
Third, engineering considerations require consideration of the needs of girls, including fit,
ergonomics and comfort.12 Such recommendations could support change to injury prevention
initiatives to protect working children on the family farm. Finally, farmers and farm safety
professionals should be encouraged to evaluate the role of gender in the occurrence of injury and
related occupational risks, as a basic educational strategy.13,14

5.7 Summary and conclusion
Our findings suggest that girls appear to be disadvantaged when it comes to the non-use of
certain occupational health and safety practices on the family farm. The evidence is less
convincing with respect to the other gender analyses that were conducted. A gender lens is
necessary to apply farm injury prevention programs including education, engineering and
enforcement options that consider gender and its role in farm injury.10,13,14
No associations were found between the use of occupational health and safety practices and
subsequent farm injury for heterogeneous farm injuries, nor for homogeneous types of injury.
Gender did not modify these associations. Results were inconsistent with previous occupational
literature.15,16 Study findings are likely attributable to methodological limitations, hence we
suggest opportunities for associated study of such factors in agricultural populations.
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Appendix A – SFIC Detailed Methodology*
Aim, objectives, and hypothesis of the SFIC
The aim of the SFIC is to understand individual risk factors related to work (individual farm
exposures) and settings (contextual or environmental exposures) associated with farm injury, with
the long-term goal of informing the development of interventions directed at the prevention of
injury within both farm populations and agricultural production settings. The objectives of the
SFIC are twofold: (1) to examine associations between individual farm exposures and the
occurrence of various types of farm injury in the province of Saskatchewan, Canada, and (2) to
assess the importance of contextual factors (physical, socioeconomic, and cultural) as potential
moderators of associations between individual farm exposures and the occurrence of injury. The
primary study hypothesis is prevention-oriented: when contextual risks associated with physical,
economic, and/or cultural settings are low, associations between individual farm exposures and
farm injury will become attenuated.
Design of the SFIC
The SFIC design is a prospective cohort being conducted in two phases. The first phase, already
completed, involved a baseline cross-sectional survey of residents from 2,390 Saskatchewan farm
operations. The second phase defines groups of Saskatchewan farm people from the crosssectional survey, based upon combinations of individual risk factors and contextual factors. These
groups are being followed longitudinally for two years (from 2007 to 2009) to document and
compare risks for farm injury.
Setting and population
The study base consists of active, operating farms in the province of Saskatchewan as of January
1, 2007. Saskatchewan is organized into 296 rural municipalities, each of which is governed by
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an elected council supported by local municipal staff. Collectively, the rural municipalities form a
parent organization called the Saskatchewan Association of Rural Municipalities. The latter
organization has supported the SFIC cohort study during its conception and development. Farms
were identified from two sources: (1) lists of farms in rural municipalities that participated in the
Saskatchewan Agricultural Health and Safety Network (AHSN), established in 1988 and
continued in subsequent years by researchers at the University of Saskatchewan and municipal
councils;11 and (2) lists of farms in non-AHSN rural municipalities. The AHSN is an agricultural
health and safety extension program funded in part by local rural municipality councils on behalf
of their membership. The importance of the AHSN lies in the fact that it is one of the largest and
most longstanding health and safety initiatives of its kind. The AHSN has a direct mailing list of
approximately 26,500 farm families representing 165 (56%) of the province’s rural municipalities
and, hence, farms. Prevention activities initiated by the AHSN are described elsewhere.11
For the SFIC, we planned a multistage, stratified sample of farms for study. Clusters of
farms were nested within rural municipalities. Lists of AHSN and non-AHSN rural municipalities
in each of the three main agricultural regions, defined by soil zone and, thus, type of agriculture,12
were identified. Fifty rural municipalities (25 each from AHSN and non-AHSN rural
municipalities) were proportionally sampled. Study participation was requested formally during
50 separate meetings of the local rural municipal councils. In the case that councils refused,
substitute rural municipalities were randomly selected from the same strata defined by
agricultural region and AHSN participation. After receiving updated lists of farms from
individual councils, all listed farms (mean per rural municipality: n=163) in the selected
municipalities were contacted to participate. Farms that were inactive were excluded.
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DATA COLLECTION
Development of study instruments
Baseline questionnaire. A panel consisting of the primary research team and active members of
the farm community (three rural municipality councillors who were also farmers) developed the
study questionnaire. Where possible, items that had been used in other research contexts19–21 were
selected or adapted for use. All questionnaire items were submitted to pilot-testing for face
validity on multiple occasions.
Testing of study materials. Letters and questionnaires were tested via the following procedure:
(1) a purposeful sample of 50 test farm people was selected for study; (2) the draft materials were
administered; (3) we requested feedback on the study materials to assess question clarity,
comprehension, time of completion, acceptability, and overall impressions; and (4) the study
materials were refined. The 50 test farm people were not enrolled in the full cohort study.
Recruitment and baseline data collection
To maximize response, recruitment occurred using a modified version of the Dillman Total
Design Method for Mail and Telephone Surveys.22 This involved a series of mail contacts with
the farm, using an established recruitment approach designed to minimize nonresponse. In 2006,
a formal pilot study was conducted in two rural municipalities to assess compliance with the
baseline study protocol as well as projected response rates (Table 1). Baseline data collection
commenced in February 2007 and ended in May 2007. Recruitment and the collection of baseline
data occurred simultaneously. A knowledgeable adult from each farm was asked to provide
information about the farm and its operation, a count of all people on the farm, and detailed
information about each resident member of the farm family (data collection was not conducted
for non-farm family members, as this would require collection of personal information that would
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be unlikely to be known or provided by the respondent). By August 2007, the baseline data were
entered, cleaned, validated, and prepared for analysis.
Follow-up
As part of the baseline questionnaire, a designated farm contact was identified for each
participating farm. These contacts in the full SFIC have been or will be mailed a letter at sixmonth intervals (November 2007, April 2008, November 2008, and April 2009) to determine
whether any farm injuries have occurred. If one or more injuries are reported for each follow-up
period, detailed information about each injury event and the farm person involved will be
collected on a study form. This follow-up protocol was informed by a randomized controlled
trial23 that tested the relative efficacies of three different methods of maintaining contact with the
farms. Compared with computer telephony or a choice of contact method (mail, computer
telephony, or e-mail), a traditional method that relied solely on first-class mail was most
efficacious. A pilot test of the mail-based follow-up method with 50 farms also resulted in high
response rates (82%—41 out of 50—based upon one mailing).

*Reprinted with permission from:
Pickett W, Day L, Hagel L, Brison R, Marlenga B, Pahwa P, et al. The Saskatchewan Farm
Injury Cohort: rationale and methodology. Public Health Rep 2008;123(5):567-75.
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Appendix B – Abbreviated Methodology for Manuscript 1
6.0 Study Design
This analysis was both descriptive and analytic, and employed a cross-sectional design.
Individual children within farms were the units of analysis. Data were obtained from a 2007
baseline questionnaire from the Saskatchewan Farm Injury Cohort. Farms reported the
occupational health and safety experiences for their youngest working adolescent, providing
individual data for 303 individuals. Among these, gender was examined as a determinant of
adolescents’ use of reported occupational health and safety practices.
Health and work experiences of adolescents were analyzed as follows: (1) The health of
adolescents was profiled based on personal health indicators including corrective lenses, hearing
loss, attention deficits, to name a few; (2) Work experiences were then profiled including hours
per week doing farm work and type of work conducted.
6.1 Key Determinant and Outcomes
In the etiological analysis, the key determinant of interest was gender of the adolescent child.
Four outcomes were assessed using one individual item and two scales from the baseline
questionnaire as follows: (1) Use of personal protective equipment – measured as a single ordinal
item; (2) Training and supervision while engaged in farm work with equipment – scaled measure
with moderate internal consistency (Cronbach alpha = 0.78, Pickett et al., 2008); (3) Training and
supervision while engaged in farm work with animals – scaled measure with moderate internal
consistency (Cronbach alpha = 0.78, Pickett et al., 2008); and (4) Hazardous work tasks and
conditions – scaled measures with moderate internal consistency (Cronbach alpha = 0.79, Pickett
et al., 2008).
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6.2 Covariates
Individual- and contextual level variables were included as potential covariates. A variable
was treated as a confounder based on previous literature, theory and statistical strategies (e.g.,
age, sleep patterns, hours of work exposure per week, to name a few).
6.3 Statistical Analyses
Patterns in health and work experiences were summarized using conventional descriptive
statistics (e.g., cross tabulations, frequencies, measures of central tendency and variation).
Prevalence estimates and corresponding confidence intervals were calculated by age and gender
for the various health- and work-related measures.
The associations between gender and use of occupational health and safety practices were
examined using chi-square tests for categorical variables and t-tests for the remainder.
Multivariate logistic regression was used to develop models for each of the outcomes. A
backward elimination strategy, followed by a manual check to verify the veracity of the backward
elimination (personal communication, Chen, 2009), was used for variable selection to determine
the most parsimonious model to account for the variation in each of the outcomes.
6.4 Power
A projected 80- and 90 percent power to examine the primary effects of interest was used to
determine the minimum detectable difference using a two-tailed test and a significance of 0.05.
A moderate difference can be detected for each primary effect of interest.
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Appendix C – Abbreviated Methodology for Manuscript 2
7.0 Study Design
This analysis involved a prospective cohort design. Individuals from farms used for the
adolescent analysis in manuscript 1 were the units of analysis. Follow-up data was obtained from
four rounds of follow-up questionnaires from the SFIC.
7.1 Primary Exposure and Outcome of Interest
The primary exposure of interest was the adolescent use of occupational health and safety
practices as a proxy for normative farm practices. The primary outcome was a time-to-event
outcome, here being time to the first injury experienced on the farm.
7.2 Covariates
Individual- and contextual level variables were included as potential covariates. As for the first
manuscript, a variable was treated as a confounder based on previous literature, theory and
statistical strategies. Farm commodity, hours worked per week, and age were treated as
confounders.
If an association varied across strata, the variable was treated as an effect modifier and was
considered as a potential interaction term. A priori, we expected that gender would modify the
association between occupational health and safety practices and time to first injurious event.
This theory was explored.
7.3 Statistical Analyses
Associations between the use of occupational health and safety practices and the time to the
first reported farm injury were examined using Cox regression with robust standard error to
account for potential clustering within farms. Missing data was handled according to the
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following: censored if the missing data was on follow-up (right-censored) and excluded if on
baseline (left-censored).
7.4 Power
A projected 80- and 90 percent power was used to determine a minimum detectable difference
using a two-tailed test and a significance of 0.05. A moderate to large effect size could have been
detected.
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Appendix D – SFIC Survey Instruments
Reprinted with permission.
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Appendix E – Statistical Power
Manuscript 1
Outcome

Boys
(N1)

Girls
(N2)

Alpha Level

Expected Power
(%)

Detectable
Prevalence of
Exposure

Personal protective
equipment

168

124

0.05

80

0.33

90

0.38

80

0.34

90

0.40

80

0.36

90

0.42

80

0.34

90

0.38

Training and
supervision for
heavy equipment
work

166

Training and
supervision for
large animal work

136

Hazardous
tasks/conditions

164

111

112

124

0.05

0.05

0.05

Power = 1 – P(Z > Zo-Zalpha/2)
A projected 80 percent power was used to determine a minimum detectable difference using a
two-tailed test and a significance of 0.05. The study had 80 percent probability to avoid rejection
of the null hypothesis when the alternative was true (Type II error) while examining a potential
association in either direction and to obtain a similar result 95 percent of the time.
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Manuscript 2
Use of personal protective equipment
Number of
farms with
follow-up
550

Number of
events (injuries)

Alpha
Level

Expected Power
(%)

Hazard Ratio

170

0.05

80
90

0.52
0.47

Detectable Reduction
in Injury Risk
(%)
48
53

0.10

80
90

0.56
0.51

44
49

Use of training and supervision during equipment work

Number of
farms with
follow-up
550

Number of
events (injuries)

Alpha
Level

Expected Power
(%)

Hazard Ratio

170

0.05

80
90

0.64
0.60

Detectable Reduction
in Injury Risk
(%)
36
40

0.10

80
90

0.68
0.63

32
37
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Use of training and supervision during animal work
Number of
farms with
follow-up
550

Number of
events (injuries)

Alpha
Level

Expected Power
(%)

Hazard Ratio

170

0.05

80
90

0.64
0.60

Detectable Reduction
in Injury Risk
(%)
36
40

0.10

80
90

0.68
0.63

32
37

A projected 80 percent power was used to determine a minimum detectable reduction in injury
risk using a two-tailed test and a significance of 0.05. The study had 80 percent probability to
avoid rejection of the null hypothesis when the alternative was true (Type II error) while
examining a potential association in either direction and to obtain a similar result 95 percent of
the time.
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Appendix F – Ethics

104

