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ABSTRACT. Farmtractors are an important source of traumatic injury for children on farms.
There is, however, no documentation about the age and size of tractors that children are
operating and littleinformation about the frequency with which rollover protective structures
(ROPS) are used. Thisstudy described tractorsthat children on farmsin the U.S. and Canada
wereoperating by age, horsepower, and the presence of ROPS, according to theage and gender
of the farm children involved. As a sub-analysis of data compiled during a randomized
controlled trial, a descriptive analysis was completed on work exposure data collected by
telephone interview. Of the 1,113 children involved in the trial, 522 (47%) were reported to
perform at least onejob that involved the operation of a farmtractor, and 408 (36.7%) were
operating tractors of at least 20 horsepower. The majority of these children were male. There
wasawiderange of agesand sizes of tractors operated. However, the majority of tractorswere
between 20 and 70 horsepower and manufactured after 1970. Nearly one- half of thetractors
were equipped with ROPS, and these tended to be newer and larger tractors. This analysis
provides new data about the broad range of tractors driven by farm childrenin the U.S. and
Canada. Thefindings point to a need to re-examinethereliance on asinglevoluntary standard
to mitigate the hazard of tractor rolloversand the need for an enhanced safety policy requiring
all tractors operated by children be equipped with ROPS.
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in the U.S. and Canada (Castillo et al., 1999; Hard et al., 1999; Pickett et al.,
1999). Tractors are also an important source of non-fatal trauma (Pickett et al.,
1995, 2001) and therefore remain aleading occupational priority for childhood agricul-
tural injury prevention efforts. To develop effective intervention strategies, a clear un-
derstanding of the nature and scope of occupational exposures to farm tractors is
necessary.
Children on farms begin to operate tractors at a very young age (Aherin and Todd,
1989; Browning et al., 2001; Hawk et al., 1994; Freeman et al., 1998; Marlengaet a.,

I arm tractors account for the majority of fatal injuries to working youth on farms
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20013, 2001b), and male children are much more likely to operate tractors than females
(Aherin and Todd, 1989; Browning et a., 2001; Hawk et a., 1994; Marlenga et a.,
20013, 2001b). Farm tasks that involve the operation of tractors by children have been
documented elsewhere (Aherin and Todd, 1989; Browning et al., 2001; Marlengaet al.,
20013, 2001b), as has the amount of time that children are driving tractors (Browning
et al., 2001) and the frequency with which rollover protective structures (ROPS) are
used (Aherin and Todd, 1989; Browning et a., 2001; Schulman et al., 1997). However,
the existing body of literature contains no documentation on the characteristics of
tractors that children are operating. This basic information is required to estimate the
level of hazard associated with tractors being operated by children and the requisite
levels of skill/ability needed to operate tractors safely.

In the present analysis, we examined operational characteristics of the tractors
driven by children on 450 farms in the U.S. and Canada. These data were collected
during the course of a multi-site, randomized controlled trial conducted in order to
evaluate an enhanced approach to the dissemination of the North American Guidelines
for Children’s Agricultural Tasks (NAGCAT). Results from this trial are published
elsewhere (Marlenga et al., 2002). We asked participating farm parents to report up to
two tractor jobs that each child on the farm (age 7-16 years) performed most often
during the summer months of July and August. Tractor exposure data were analyzed
with the objectives of: (1) describing the tractors that children operated most commonly
by age, horsepower, and the presence/absence of ROPS, (2) describing these
operational features of tractors and whether they varied according to the age and gender
of the farm children, and (3) identifying salient implications for the prevention of farm
tractor injuries.

M ethods

Sample

The farms and children under study were from Canada and the U.S. In Ontario,
Canada, farms were identified from the Central Farm Registrar maintained by Statistics
Canada and the APC Farming Database, a commercially available mailing list. In the
U.S,, a subset of farms with children age 7-16 years was identified from the USDA
master sampling frame for a 1998 national childhood injury survey (Myers and
Hendricks, 2001).

During enrollment, a total of 2,500 farms from the Central Farm Registrar and
1,275 farms from the APC Farming Database were sent a letter of invitation to
participate in a study to evaluate a new childhood farm safety resource (NAGCAT).
Representatives from 214 Ontario farms were enrolled. Using the Canadian Census of
Agriculture for comparison, participating farms were found to be representative
geographically by region; however, dairy operations and larger farms were over-repre-
sented (data not shown) (Marlenga et a., 2002). In the U.S.,, 1,873 farms from
midwestern states and 1,689 from western states were potentially eligible and invited
to participate. Representatives from 11 western (N = 115 farms) and 12 midwestern
states (N = 169) agreed to participate and were enrolled. Participating farms were
compared to the sample frame with respect to location, acreage, and primary
commodity and were found to be quite representative; however, dairy operations were
somewhat over-represented in the midwestern sample (data not shown) (Marlenga et
al., 2002).

A total of 498 farms participated, and 450 (90%) completed a telephone interview
a 15 months post-intervention. The farms were located in Ontario, Canada

18 Journal of Agricultural Safety and Health



(210 farms), the midwestern U.S. (12 states, 146 farms) and the western U.S. (11 states,
94 farms). The 15-month interview was conducted during the fall of 2000 by trained
interviewers in each region. It involved farm parents answering a series of questions
about the tractors operated most often during July and August 2000 by each child on
the farm. Responses were compiled using an open-ended format. Interviewers probed,
in a structured manner, for a clear explanation about what the job entailed, how the work
was done, the age of the tractor that was used, its horsepower, the presence or absence
of aROPS, and whether a power take- off (PTO) was employed during the tractor job.

Statistical Analysis

The primary data in this article relate to jobs performed by children involving
tractors of at least 20 horsepower (the minimum horsepower traditionally associated
with ROPS and seatbelts). For each child working on the farm, parents reported up to
two tractor jobs that the child did most often during July and August. To be included
in the analyses presented here, the information provided was required to include
characteristics of both the child (age and gender) and the tractor (age, horsepower, and
presence of ROPS). If two tractor jobs were reported for a child, the characteristics of
the first reported job were used for analysis. Comparisons by job (not reported here)
showed no systematic differences between the two jobs in such cases.

Analyses focus on descriptions of the children reported to use tractors and
characteristics of the tractors they use. The farm sample upon which these results are
based was observed to be quite representative of large regions of the U.S. and Canada
(Marlenga et a., 2002) but was not designed with the evaluation of tractor
characteristics as aprimary aim. In addition, the tractors that parents have children use
are inherently limited by the (generally) small number of tractors available to them.

Results

Table 1 describes the 450 farms by region and primary commodity, as well as the
subset of farms where children were operating tractors of at least 20 horsepower. Dairy,
grain, and other livestock were the leading commodities produced on these farms. The
median acreage of the farm was 300 (range 2 to 30,000) acres. Table 1 further describes
the children age 7- 16 years by age group and gender. The magjority of children working
on these farms were male. A total of 522 (47%) children were reported to perform at
least one job that involved the operation of a farm tractor, and 408 (36.7%) were
operating tractors that were at least 20 horsepower. The remainder of this article will
focus on the 408 children operating tractors of at least 20 horsepower.

There were wide ranges of ages and sizes of tractors operated by children (table 2).
Approximately one-half of these tractors were equipped with ROPS, and ROPS tended
to be present on newer and larger tractors (table 3). Nearly three-quarters of the tractors
manufactured in 1985 or later were equipped with ROPS, while less than one-quarter
of the tractors manufactured before 1970 were similarly equipped.

The demographic characteristics of the children operating tractors were seen to vary
with both the age of the tractors operated (table 4) and with the tractor size (table 5).
Male children and older children were more likely to be driving newer tractors and
larger tractors. Irrespective of age or gender, substantial numbers of children were
operating large tractors.

The presence of ROPS on tractors operated by children is further described in
table 6. When considering all tractors, older children more often operated a tractor with
ROPS, as did male children. However, these findings also reflect the age and
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horsepower of these same tractors. As shown on the right side of table 6, the presence
of ROPS is quite similar by age and gender when considering only tractors over
70 horsepower.

Table 1. Description of study sample.

Subset: Children Operating

Tractors with >20 hpld
Total (July - August 2000)
Factor N % N %
Farms 450 258
Primary commodity
Dairy 111 24.7 75 29.1
Hogs 28 6.2 17 6.6
Other livestock 103 229 50 194
Poultry 9 20 6 2.3
Grain 107 238 62 24.0
Other field crops 38 8.4 18 7.0
Fruit 19 42 9 35
Vegetables 8 18 5 19
Other 27 6.0 16 6.2
Region of North America
Ontario, Canada 210 46.7 118 457
Midwestern U.S. 146 324 87 33.7
Western U.S. 94 20.9 53 20.5
Farm children (7-16 years) 1,113 408
Age (years)
7-9 149 134 18 44
10-11 184 16.5 45 11.0
12-13 263 236 90 221
14 139 125 65 15.9
15 178 16.0 94 23.0
16 195 175 96 235
Unknown 5 0.4
Gender
Mae 696 62.5 318 77.9
Female 417 375 90 221

(@ The subgroup of tractors with >20 horsepower was also required to have information on the tractor
age and rollover protective structures (ROPS).
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Table 2. Description of tractor s operated by children by age, hor sepower,
and presence of rollover protective structures (ROPS).

Frequency

ROPS
Factor N % (Row) %
Age of tractor (years)
0-4 59 14.5 84.7
5-9 57 14.0 68.4
10-14 50 12.3 70.0
15-19 36 8.8 44.4
20-24 76 18.6 40.8
25-29 39 9.6 25.6
30-34 45 11.0 333
35-39 12 29 16.7
40-44 17 42 17.6
45-49 7 17 0.0
>50 10 25 0.0
Horsepower
20-29 30 7.4 30.0
30-39 28 6.9 14.3
40-49 37 9.1 37.8
50-59 72 17.6 34.7
60-69 64 15.7 375
70-79 41 10.0 61.0
80-89 31 7.6 61.3
90-99 22 54 59.1
100-139 50 12.3 74.0
140-199 22 54 90.9
>200 11 2.7 100.0
Total 408 100 493

Table 3. Percentage of tractorswith rollover protective structures
(ROPS) operated by children by tractor age and hor sepower.

20to 70 hp 71to 120 hp >120 hp Combined

N % ROPS N  %ROPS N  %ROPS N  %ROPS
1985 and newer 108 63.0 52 84.6 24 79.2 184 712
1970-1984 98 17.3 39 48.7 25 84.0 162 35.2
Pre-1970 50 12.0 8 62.5 4 50.0 62 210
Combined 256 355 99 68.7 53 79.2 408 49.3
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Table 4. Age and gender of children operating tractors by age of tractor.

Age of Tractor
1985 and Newer 1970-1984 Pre-1970
Factor N % N % N % Total
Age of child (years)
7-11 23 36.5 27 429 13 20.6 63
12-13 38 422 38 422 14 15.6 90
14 28 431 29 446 8 12.3 65
15 50 53.2 26 27.7 18 19.1 94
16 45 46.9 42 438 9 9.4 96
Gender
Mae 155 48.7 118 371 45 14.2 318
Female 29 322 44 48.9 17 189 90

Table 5. Age and gender of children operating tractors by horsepower of tractor.

Horsepower of Tractor

20to 70 hp 71t0 120 hp >120 hp

Factor N % N % N % Total
Age of child (years)

7-11 39 61.9 16 254 8 12.7 63

12-13 60 66.7 17 18.9 13 14.4 90

14 47 72.3 14 215 4 6.2 65

15 57 60.6 27 28.7 10 10.6 94

16 53 55.2 25 26.0 18 18.8 96
Gender

Male 190 59.7 84 26.4 44 138 318

Female 66 733 15 16.7 9 10.0 90

Table 6. Age and gender of children operating tractors
by presence of rollover protective structures (ROPS)
All Tractors Tractors >70 horsepower

Factor N % with ROPS N % with ROPS
Age of child (years)

7-11 63 41.3 24 70.8

12-13 90 46.7 30 70.0

14 65 49.2 18 61.1

15 %4 52.1 37 81.1

16 96 54.2 43 721
Gender

Mae 318 53.8 128 727

Female 90 333 24 70.8
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Discussion

This study involved a secondary analysis of data collected during a randomized
controlled trial. Our findings show that there is great variability in the types of tractors
assigned to children of different ages. Males are clearly more frequently exposed to
farm tractor work. In addition, there is variability in the use of ROPS by age of tractor
(ROPS more frequent on newer tractors) and size of tractor (ROPS more frequent on
larger tractors). Our data (tables 2 and 3) suggest that the presence of ROPS on tractors
has risen substantially since the adoption of the 1985 ASAE voluntary standard for
inclusion of ROPS as standard equipment on all tractors over 20 horsepower
manufactured in the U.S. and Canada (ASAE Standards, 1985), yet less than half of the
tractors operated by children in our study were equipped with ROPS.

Consistent with other studies, we found that children are operating tractors at a
young age and that male children are more often operating tractors than femae
children. However, to our knowledge, this is the first published report in the
peer -reviewed literature to describe the ages and sizes of tractors operated by children.

Severa reports document the percentages of children driving ROPS-equipped
tractors. These percentages varied from 10.5% to 50% (Aherin and Todd, 1989;
Browning et d., 2001; Schulman et al., 1997). In the absence of information on the ages
and sizes of tractors, it is difficult to compare these findings with our own, due to the
strong association we identified between ages and sizes of tractors and the presence of
ROPS.

The underlying reasons for the patterns observed in this study are multi-faceted.
Speculatively, many parents are likely to make decisions about which tractor a child
will usefor farm work based on the size and age of the child, the size of the tractor, and
the job to be done rather than whether or not the tractor is equipped with safety features
such as ROPS. For example, our findings suggest that younger tractor operators are
differentially assigned to work on smaller tractors that are less likely to be equipped
with ROPS. Further, the cost of retrofitting a tractor with ROPS or replacing an older
tractor may be a factor in parents decision-making regarding safety. An income
gradient has been demonstrated with respect to children operating tractors that were
ROPS equipped (Browning et al., 2001). Farmers with lower incomes had fewer
children operating tractors equipped with ROPS.

We do not have a complete tractor inventory for the farmsin our study and therefore
cannot verify or refute selective utilization. However, one report in the literature
examined tractor ownership on farmsin the U.S. in 1993 and made a 10-year projection
of the numbers of tractors, the age of tractors, and the percent of tractors with ROPS
that would be on farmsin 2003 (Myers and Snyder, 1995). These investigators projected
a percentage of tractors with ROPS that is virtually the same as the percentage of
children we observed using tractors with ROPS (49% vs. 49.3%). However, the
investigators projected a substantially lower percentage of newer tractors than we
observed among children using tractors (20% vs. 41% for tractors 0-14 years old).

Our findings have implications for the study and prevention of tractor injuries
involving children. More comprehensive exposure data are required in order to describe
the exact conditions of childhood tractor operation and typical durations of these tractor
work exposures. Ongoing surveillance of tractors and associated safety features is
warranted, in addition to ongoing surveillance of children and the tractor work that they
are performing. Further, there is need for enhanced safety policies that challenge the
acceptability of permitting children to operate farm tractors that are not equipped with
ROPS. These policies should also articulate the minimum ages and associated
developmental abilities required for tractor operation.
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Strengths and Limitations

This study represents a novel analysis using a large and geographically diverse
sample of farm children, and it addresses an important injury prevention priority.
However, several limitations must be acknowledged. This study was based on datafrom
farm parents who volunteered to participate in a randomized controlled trial and thus
may not provide afully representative sample. Furthermore, the study was not designed
with the evaluation of tractor characteristics as a primary aim and may not be large
enough to adequately represent the true mix of tractors used by boys and girls of various
ages. We expect that our findings may overestimate the presence of ROPS on farm
tractors, as farms that volunteered are more likely to take safety precautions than
non- participants.

There isaseasonal biasto our data that warrants recognition. We asked parents about
the children’s “most common tractor jobs during July and August” because: (1) these
are the most active times for fieldwork for most farm operations and farm children,
(2) it provided afocused time period to promote accuracy of recall, and (3) we wanted
to focus on tractor jobs where children had the most exposure. Therefore our findings
reflect a predominance of cutting, raking, baling, and transporting hay. Different ages
and sizes of tractors may be used for spring tillage and planting, as well as fall
harvesting, and we did not capture these tractor operations in our study.

Conclusion

Regardless of the reasons behind parental decision-making surrounding the
assignment of children to farm tractor work, substantial numbers of children are put at
risk (50% in our study), and there is al so differential exposure to risk by age and gender
of the children involved. Despite the apparent positive impact of the 1985 ASAE
standard, these data show that relying only on a single voluntary system is insufficient
to protect many farm children from the hazard of tractor overturns. It may be time to
adopt and/or legidlate the standard suggested by the American Academy of Pediatrics
(2001) in their policy statement, “Prevention of Agricultural Injuries Among Children
and Adolescents’ and reinforced by the recommendations of NAGCAT (Lee and
Marlenga, 1999). Both suggest that children should be restricted from operating any
tractor that is not equipped with ROPS and a seatbelt.
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