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Objective: To evaluate the potential for the North American Guidelines for Children’s Agricultural Tasks
(NAGCAT) to prevent the occurrence of pediatric farm injuries. This evaluation focuses upon farm injuries
experienced when children were engaged in farm work.
Design: Novel outcome evaluation involving primary review of three retrospective case series.
Setting: Fatal, hospitalized, and restricted activity injuries from the United States and Canada.
Subjects: Nine hundred and thirty four pediatric farm injury cases.
Methods: The applicability of NAGCAT to each case was rated. For injuries where NAGCAT were
applicable, recurrent injury patterns were described and the potential for NAGCAT to prevent their
occurrence was assessed.
Results: A total of 283 (30.3%) cases involved children engaged in farm work. There was an applicable
NAGCAT guideline in 64.9% of the work related cases. Leading individual guidelines applicable to the
injury events were: (1) working with large animals; (2) driving a farm tractor; and (3) farm work with an
all-terrain vehicle. In the judgment of the research team, 59.6% of these injuries were totally preventable if
the principles espoused by NAGCAT had been applied.
Conclusions: NAGCAT are a set of consensus guidelines aimed at the prevention of pediatric farm injuries.
The findings suggest that NAGCAT, if applied, would be efficacious in preventing many of the most serious
injuries experienced by children engaged in farm work. However, work related injuries represent only a
modest portion of pediatric farm injuries. This new information assists in the refinement of NAGCAT as an
injury control resource and puts its potential efficacy into context.

T
here is an urgent need for evaluative work surrounding
the prevention of pediatric injuries on farms.
Coordinated efforts to prevent childhood farm injuries

have increased in the past five to 10 years and have led to the
implementation of farm safety interventions across the
United States and Canada.1 However, there have been few
rigorous evaluations of these interventions1–3 and the problem
of pediatric farm injuries persists.4–9

Many farm work related injuries occur because children
are assigned work normally performed by adults, and much
of this work is beyond their developmental abilities.10 11 The
need to consider child growth and development in the
assignment of safe farm work to children led to the
development of the North American Guidelines for
Children’s Agricultural Tasks (NAGCAT).12 First released in
1999, NAGCAT provide assessment tools that cover 62
different agricultural jobs common for children aged 7–16
years (see www.nagcat.org). Since their introduction, these
guidelines have been utilized increasingly as an injury
prevention resource.
When NAGCAT were developed, there was little empirical

evidence that could be used to inform work guidelines for
children in agriculture.12 Therefore, a consensus development
process was followed.13 To date, the results of the NAGCAT
consensus process have not been challenged or tested
empirically.
The overall goal of this research was to evaluate the

NAGCAT resource and its potential for preventing injuries by
systematically applying NAGCAT to case descriptions of fatal,
hospitalized, and restricted activity injuries experienced by
children. The evaluation focuses upon NAGCAT and the
prevention of injuries to children engaged in farm work. Our
objectives were to: (1) describe the characteristics of injured
children and leading mechanisms of injury; (2) identify

whether there were NAGCAT guidelines that could be applied
to these cases; (3) describe specific farm jobs covered by
NAGCAT that were commonly associated with these injuries;
(4) identify which components of NAGCAT were most
commonly violated; and (5) estimate the proportion of
injuries that may have been prevented had NAGCAT been
available and applied (efficacy).

METHODS
Data sources
In order to conduct this novel evaluation, three case series
were assembled representing fatal, hospitalized, and
restricted activity pediatric farm injuries. A pediatric farm
injury was defined broadly as any injury to a child younger
than 18 years of age that occurred during activities related to
the operation of a farm and/or occurred at a farm work site
(excluding injuries occurring in the farm house/residence).
This definition recognizes that farms are typically composed
of a residence adjacent to a worksite where farm children are
consequently exposed to a range of occupational hazards. We
were deliberate in examining the full spectrum of worksite
related pediatric farm injuries and a collective examination of
these three case series provided this comprehensive overview
of important patterns of childhood injury.

Fatality data
There is no national database of childhood farm fatalities in
the United States,14 so pediatric fatalities were initially
identified for Canada using a process identical to that
employed by the Canadian Agricultural Injury Surveillance

Abbreviations: NAGCAT, North American Guidelines for Children’s
Agricultural Tasks; NIOSH, National Institute for Occupational Safety
and Health
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Program’s national fatality7 and hospitalization6 registries.
The written investigation reports of all fatalities to farm
children in Canada from 1990–2001 were accessed on-site at
provincial coroner’s offices to characterize each injury event
by the person involved, external cause, nature of injury,
location of injury, time of injury occurrence, and circum-
stances of injury. This Canadian fatality case series was
supplemented with 17 case reports from the National
Institute for Occupational Safety and Health (NIOSH) state
Fatal Assessment and Control Evaluation program.15 These
occupational fatality investigation reports from 1992–2000
were obtained from NIOSH and reviewed centrally.

Hospitalization data
Hospitalized pediatric injuries were identified via research
agreements with five regional pediatric hospitals (three in
Ontario, two in Alberta) and one general hospital (Alberta).
Hospitalized farm injuries were defined as injury related
hospital admissions of children where the International
Classification of Diseases16 external cause of injury (E code)
was coded on the hospital separation file as (1) E919.0,
injuries caused by agricultural machinery, and/or (2) a
location of injury E code indicating that the injury occurred
on a farm. Following ethics board approval from each
hospital, computerized and written medical records from
1989–2002 were reviewed on-site and detailed descriptions of
the injury circumstances were collected.

Restricted activity injury data
Restricted activity injuries were identified from a national
survey conducted in the United States by the National

Agricultural Statistics Service. The survey was conducted in
1999 with 50 000 randomly selected farm households.17 Farm
injuries were defined as those occurring on the farm to youth
that resulted in at least four hours of restricted activity or
required professional medical treatment. This definition
allowed for inclusion of hospitalizations, but fatalities were
specifically excluded.17 During the survey, detailed informa-
tion was compiled about each injury that occurred in the
calendar year of 1998, including details about each injury
victim, the circumstances of injury, and the consequences of
that injury. The data file with all personal identifiers removed
was obtained from NIOSH upon approval from the National
Agricultural Statistics Service.

Instrument
A standardized data abstraction instrument was developed.
Existing research instruments18 and administrative question-
naires17 19 were consulted during its construction. Other
questions were developed specifically for this study based
upon the NAGCAT resource.12

The data abstraction instrument was divided into three
main categories: (1) case demographics, (2) the injury event,
and (3) identification of the most relevant NAGCAT guide-
line. Case demographics included the age and gender of the
child and whether the child lived on the farm or was hired for
work purposes at the time of the injury. The injury event
section addressed the activity that the child was involved in,
circumstances surrounding that injury event, the mechanism
of injury, the location of injury occurrence, the nature of
injury, whether farm work was being performed, and the
involvement of the child in that farm work.

Table 1 Description of full population of child injury victims under study

Descriptor

Fatal injuries
(total n = 243)

Hospitalized injuries
(total n = 361)

Restricted activity injuries
(total n = 330)

Total
(total n = 934)

n % n % n % n %

Gender
Male 201 82.7 276 76.5 237 71.8 714 76.4
Female 42 17.3 85 23.5 67 20.3 194 20.8
Unknown 0 0 26 7.9 26 2.8

Age (years)
0–6 115 47.3 138 38.2 60 18.2 313 33.5
7–9 25 10.3 68 18.8 56 17.0 149 16.0
10–11 17 7.0 44 12.2 45 13.6 106 11.3
12–13 23 9.5 49 13.6 58 17.6 130 13.9
14–15 30 12.3 36 10.0 54 16.4 120 12.8
16–17 33 13.6 26 7.2 57 17.3 116 12.4

Child lives on farm
Yes 164 67.5 274 75.9 246 74.5 684 73.2
No 52 21.4 63 17.5 83 25.2 198 21.2
Unknown 27 11.1 24 6.6 1 0.3 52 5.6

Child a hired worker on farm
Yes 15 6.2 6 1.7 19 5.8 40 4.3
No 208 85.6 344 95.3 224 67.9 776 83.1
Unknown 20 8.2 11 3.0 87 26.4 118 12.6

Child’s relationship to farm owner
Child of owner 156 64.2 273 75.6 219 66.4 648 69.4
Other relative of owner 20 8.2 27 7.5 62 18.8 109 11.7
Child/relative of hired employee 4 1.6 1 0.3 2 0.6 7 0.7
Visitors to farm 20 8.2 24 6.6 21 6.4 65 7.0
Other/unknown 43 17.7 36 10.0 26 7.9 105 11.2

Farm work involved in injury
Yes 168 69.1 204 56.5 129 39.1 501 53.6
No 69 28.4 107 29.6 165 50.0 341 36.5
Unknown 6 2.5 50 13.9 36 10.9 92 9.9

Child engaged in farm work
Yes 68 28.0 106 29.4 109 33.0 283 30.3
No 174 71.6 202 56.0 191 57.9 567 60.7
Unknown 1 0.4 53 14.7 30 9.1 84 9.0

Farm work hazard involved
Yes 198 81.5 333 92.2 174 52.7 705 75.5
No 45 18.5 28 7.8 156 47.3 229 24.5
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The most relevant NAGCAT guideline section was devel-
oped using NAGCAT as a framework.12 All 62 NAGCAT
guidelines were listed and the guideline most applicable (if
any) to the work activity that the child was engaged in at the
time of injury was identified. Once identified, additional
questions addressed the main categories of NAGCAT includ-
ing: adult responsibilities, main hazards, safety reminders,
training, and level of adult supervision. As it was not possible
to directly assess the developmental capabilities of the
injured child, a child development specialist, Dr Richard
Clark, identified minimum age requirements for each

NAGCAT guideline based upon the child development
questions and the norms for child development as inferred
from standards published by the Centers for Disease Control
and Prevention (2000)20 and contemporary child develop-
ment texts.21 22

A final summary question asked the rater to estimate: ‘‘if
the NAGCAT guideline was applied, would this injury have
been prevented?’’ Response categories were (1) yes, 100%
certain, (2) no, 100% certain, and (3) maybe (along with an
estimate of likelihood provided by the rater). This was used
as a proxy for efficacy.
In cases where NAGCAT were not applicable to the farm

work event, a narrative text field was provided to describe the
reasons why NAGCAT could not be applied. Supplemental
questions asked for suggestions for additional guidelines or
modifications to existing guidelines.
The data abstraction form was validated through iterative

testing using consecutive series of cases from each data
source. A study glossary was developed to clarify individual
questions and definitions to ensure consistency of responses,
as well as to identify consensus decision points. Study
investigators independently reviewed samples of 10–12 cases,
the results were entered in separate data tables, and all
discrepancies were identified and resolved. Iterative testing
continued with expansion of the study glossary at each step
until a high level of agreement was reached, and then the
final data collection commenced. Satisfactory agreement
could not be reached for the restricted activity case series,
so two investigators (BM, WP) abstracted all cases jointly.

Data collection
The coinvestigators (BM, RJB, WP) collected the data at
the 10 provincial coroner’s offices, hospitals in Alberta (3)
and Ontario (3), and centrally from the NIOSH case
investigations and restricted activity injury files. Cases that
were difficult to classify (80/934; 8.6%) were identified
during the data collection process and brought to the full
research team for discussion. These were resolved by
consensus, and precedents for each difficult case were
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Figure 1 Age of injured children by engagement in farm work at the
time of injury.

Table 2 Description of children engaged in farm work at the time of their injury event

Descriptor

Fatal injuries (total n = 68)
Hospitalized injuries
(total n = 106)

Restricted activity injuries
(total n = 109) Total (total n = 283)

n % n % n % n %

Gender
Male 58 85.3 90 84.9 82 75.2 230 81.3
Female 10 14.7 16 15.1 20 18.3 46 16.3
Unknown 0 0 7 6.4 7 2.5

Age (years)
0–6 3 4.4 2 1.9 3 2.8 8 2.8
7–9 5 7.4 18 17.0 9 8.3 32 11.3
10–11 5 7.4 13 12.3 19 17.4 37 13.1
12–13 14 20.6 28 26.4 15 13.8 57 20.1
14–15 16 23.5 25 23.6 28 25.7 69 24.4
16–17 25 36.8 20 18.9 35 32.1 80 28.3

Child lives on farm
Yes 38 55.9 89 84.0 81 74.3 208 73.5
No 13 19.1 12 11.3 28 25.7 53 18.7
Unknown 17 25.0 5 4.7 0 22 7.8

Child a hired worker on farm
Yes 15 22.1 6 5.7 14 12.8 35 12.4
No 38 55.9 96 90.6 69 63.3 203 71.7
Unknown 15 22.1 4 3.8 26 23.9 45 15.9

Child’s relationship to farm owner
Child of owner 35 51.5 88 83.0 69 63.3 192 67.8
Other relative of owner 2 2.9 3 2.8 20 18.3 25 8.8
Child/relative of hired employee 3 4.4 0 1 0.9 4 1.4
Visitors to farm 1 1.5 3 2.8 4 3.7 8 2.8
Other/unknown 27 39.7 12 11.3 15 13.8 54 19.1
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recorded. Data quality checks were established to ensure that
the data were collected and entered accurately.

Data analysis
Descriptive statistics were used to characterize both the full
case series and the subset of cases where the child was
engaged in farm work, by demographics and the nature of
the work involved in the injury. All analyses were stratified
by injury outcome (fatal, hospitalized, and restricted activity
injury) and focused on the working child subset. NAGCAT
guidelines associated with individual cases were classified
and their relative frequencies were described. Violations to
each of the main categories of NAGCAT (adult responsibil-
ities, supervision, child development, training) were sum-
marized. The potential efficacy of NAGCAT to prevent each
injury was estimated. Finally, for cases where children were

engaged in farm work but no NAGCAT guideline was
applicable, the farm jobs were classified and described by
frequency.

RESULTS
Full sample
Table 1 describes the 934 injured children in the full case
series. The majority of injured children were male (76.4%),
lived on the farm (73.2%), and were children of the farm
owner (69.4%). All ages from 1 to 17 years were represented,
but the largest percentages were children 1–6 years of age
(33.5%). In 30.3% (283/934) of the cases, the child was
engaged in farm work. The remainder of the paper will focus
on this subset of cases.

Children engaged in farm work
Similar to the full sample, children engaged in farm work
were largely male (81.3%), lived on the farm (73.5%), and
were children of the farm owner (67.8%) (table 2). The
largest percentages of working children, however, were in the
older age groups (fig 1).

Mechanisms of injury
Leading mechanisms of injury were machinery entanglement
(19.8%), being struck by an animal (10.6%), runovers
(10.3%), and rollovers (9.9%), but varied by injury out-
come (table 3). Rollovers (26.5%), runovers (22.0%), and
machinery entanglements (13.2%) dominated the fatality
cases. A large percentage of hospitalized injury cases involved
machinery entanglements (41.5%). The leading mechanisms
of restricted activity injury were being struck by an animal
(16.5%) and cut/pierced by an object (15.6%).

Table 4 Applicability of NAGCAT to childhood injury
events among children engaged in farm work*

Injury outcome n�

NAGCAT applicable

n %

Fatal injuries (total n = 65) 62 44 71.0
Hospitalized injuries

(total n = 104)
93 57 61.3

Restricted activity injuries
(total n = 106)

93 60 64.5

Total (total n = 275) 248 161 64.9

*Excludes eight children (age,7) involved in farm work yet outside of the
NAGCAT age range.
�Total number of cases where there was clear documentation to make a
determination.

Table 3 Mechanisms responsible for injury occurrence among children engaged in farm work

Mechanisms

Fatal injuries
(total n = 68)

Hospitalized injuries
(total n = 106)

Restricted activity injuries
(total n = 109) Total (total n = 283)

n % n % n % n %

Mechanized causes of injury:
Entanglement/caught in 9 13.2 44 41.5 3 2.8 56 19.8
Pinned or struck by 5 7.4 8 7.5 8 7.3 21 7.4
Other 0 4 3.8 10 9.2 14 4.9
Runover

Passenger 10 14.7 6 5.7 1 0.9 17 6.0
Bystander 3 4.4 2 1.9 2 1.8 7 2.5
Operator 2 2.9 3 2.8 0 5 1.8

Fall from machine 1 1.5 5 4.7 9 8.3 15 5.3
Rollovers

Sideways 10 14.7 1 0.9 0 11 3.9
Backwards 3 4.4 0 1 0.9 4 1.4
Unspecified 5 7.4 0 8 7.3 13 4.6

Motor vehicle collision 4 5.9 0 0 4 1.4

Non-mechanized causes of injury:
Struck by animal 1 1.5 11 10.4 18 16.5 30 10.6
Cut/pierced by object 0 7 6.6 17 15.6 24 8.5
Fall from height 2 2.9 8 7.6 5 4.6 15 5.3
Other 2 2.9 0 6 5.5 8 2.8
Caught in/under/between object(s) 2 2.9 1 0.9 3 2.8 6 2.1
Exposure to fire 1 1.5 3 2.8 2 1.8 6 2.1
Struck by object 0 1 0.9 5 4.6 6 2.1
Suffocation 5 7.4 0 0 5 1.8
Fall from animal 0 0 4 3.7 4 1.4
Fall on same level 0 0 3 2.8 3 1.1
Crushed by animal 0 2 1.9 0 2 0.7
Noxious substance 2 2.9 0 0 2 0.7
Unknown 0 0 2 1.8 2 0.7
Contact with electrical current 0 0 1 0.9 1 0.4
Drowning 1 1.5 0 0 1 0.4
Struck against object 0 0 1 0.9 1 0.4
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Applicability of NAGCAT
There was an applicable NAGCAT guideline in 64.9% of cases
(table 4). Eight children engaged in farm work were excluded
because they were younger than the ages covered by
NAGCAT, and 27 cases were excluded because there was
insufficient information available to identify the farm job the
child was engaged in at the time of injury. Overall, the
leading categories of work described according to NAGCAT
(table 5) were general activities (27.3%), animal care
(26.7%), and tractor fundamentals (16.1%) (see www.
nagcat.org for a full description). Leading individual guide-
lines were working with large animals (14.3%), driving a
farm tractor (no implement attached) (9.3%), and farmwork
with an all-terrain vehicle (8.7%), and these varied by the
injury outcome as shown.

NAGCAT violations and potential efficacy
Violations to the adult responsibility component of NAGCAT
were present in 48.7% of the cases where there was clear
documentation to make a determination (table 6) and this
varied by injury outcome. Child development violations were
identified in 36.6% of cases and were present among children
in all age ranges (data not shown).
In the judgment of the research team, 59.6% of the injuries

with an applicable guideline were completely preventable if
the principles espoused by NAGCAT had been applied

(table 7). Preventability varied by injury outcome with more
fatalities being judged to be completely preventable (79.5%)
than restricted activity injuries (35.0%).
Among the 42 (26.1%) cases with an existing guideline

that were judged to be not preventable (100% certain), no
substantial deficiencies were identified in the guidelines.
Injuries associated with these cases resulted from hazards
inherent to the job at hand (for example, being kicked by a
large animal; slipping on uneven terrain) or were caused by
the victim performing the job in an unusual manner (for
example, cleaning equipment with a pitch fork; herding
animals on all-terrain vehicles).

Farm work not covered by NAGCAT
Eighty seven work related cases (35.1%) had no applicable
NAGCAT guideline (table 8). Of these cases, leading work
categories were maintaining farm machinery (13.8%), using
a tractor as a stationary power source (11.5%), and traveling
to the worksite (10.3%).

DISCUSSION
Synopsis of main findings
Injuries involving children engaged in farm work are an
important component of the pediatric farm injury problem.
Within this context, our findings show there was an
applicable NAGCAT guideline in the majority of work related

Table 5 NAGCAT categories and individual guidelines applicable to childhood farm work injuries

Categories/guidelines

Fatal injuries (total n = 44)
Hospitalized injuries
(total n = 57)

Restricted activity injuries
(total n = 60) Total (total n = 161)

n % n % n % n %

Categories of NAGCAT:
General activities 11 25.0 14 24.6 19 31.7 44 27.3
Animal care 2 4.5 19 33.3 22 36.7 43 26.7
Tractor fundamentals 11 25.0 7 12.3 8 13.3 26 16.1
Implement operations 13 29.5 5 8.8 3 5.0 21 13.0
Haying operations 0 11 19.3 2 3.3 13 8.1
Manual labor 5 11.4 0 5 8.3 10 6.2
Specialty production 2 4.5 1 1.8 1 1.7 4 2.5

Leading individual guidelines:
Working with large animals 1 2.3 12 21.1 10 16.7 23 14.3
Driving a farm tractor (no implement) 7 15.9 3 5.3 5 8.3 15 9.3
Farmwork with all terrain vehicle 2 4.5 1 1.8 11 18.3 14 8.7
Feeding hay to cows (square bales) 1 2.3 5 8.8 2 3.3 8 5.0
Farmstead equipment 1 2.3 6 10.5 1 1.7 8 5.0
Trailed implement fieldwork 7 15.9 0 1 1.7 8 5.0
Leading and grooming animals 0 2 3.5 5 8.3 7 4.3
Repairing fence 1 2.3 3 5.3 3 5.0 7 4.3
Using a front-end loader 3 6.8 3 5.3 0 6 3.7
Unloading hay 0 5 8.8 1 1.7 6 3.7
Unloading grain 3 6.8 2 3.5 1 1.7 6 3.7
Trailed implement (hitch/unhitch) 1 2.3 3 5.3 1 1.7 5 3.1
Loading square bales 0 5 8.8 0 5 3.1
PTO powered implement (fieldwork) 2 4.5 3 5.3 0 5 3.1

PTO, power take off.

Table 6 Documented violations to NAGCAT among cases with a relevant guideline

NAGCAT component
violated

Fatal injuries (total n = 44)
Hospitalized injuries
(total n = 57)

Restricted activity injuries
(total n = 60) Total (total n = 161)

n*

Violations

n*

Violations

n*

Violations

n*

Violations

n % n % n % n %

Adult responsibilities 42 38 90.5 57 23 40.4 59 16 27.1 158 77 48.7
Child development 44 18 40.9 57 25 43.9 60 16 26.7 161 59 36.6
Supervision 25 11 44.0 28 14 50.0 24 0 77 25 32.5
Training 6 3 50.0 0 � � 0 � � 6 3 50.0

*Total number of cases where there was clear documentation to make a yes/no determination.
�Evidence never clearly documented.
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injury cases and NAGCAT, if applied, would prevent 70% to
80% of the most serious work related injuries. For the injury
cases judged not preventable (100% certain), it was the
opinion of the investigators that the only way these injuries
could be fully prevented would be to remove the child from
these activities entirely, which is counter to the intent of
NAGCAT. This speaks well for the content and effort afforded
to the NAGCAT resource. Despite these encouraging findings,
NAGCAT were applicable in only 20% (161 of the 823 cases
where there was sufficient information to make a determina-
tion) of the full case series of childhood farm injuries. In
most cases, NAGCAT were not applicable (567 of the 823
cases) because the child was not involved in farm work.
The preventability estimate is based upon efficacy

(hypothetical complete application of the content of
NAGCAT) rather than effectiveness (‘‘real world’’ application
practices). While there is general acceptance by farmers of
NAGCAT as a resource,18 only modest proportions of farm
parents will apply NAGCAT in actual practice.18 23 Other
recent work24 shows that while farm parents can be quite
knowledgeable about children and their development, simply
providing parents with copies of NAGCAT is insufficient to
remove many children from known occupational hazards;
hence the efficacy estimates shown here do not necessarily
imply practical effectiveness.

Other evaluations of NAGCAT
The present study is one of several ongoing efforts to evaluate
the NAGCAT resource. Gadomski and colleagues (2003) are
conducting a randomized trial in New York State evaluating
the impact of active dissemination of NAGCAT on the
incidence of childhood agricultural injury.25 Interim analyses
showed a decrease in childhood injury rates in both the
intervention (active dissemination) and control group (usual
care). The between-group differences in rate declines
approached, but did not achieve statistical significance. Two
additional NAGCAT related projects are noteworthy. Shutske

et al are combining qualitative and quantitative methods to
adapt NAGCAT for ethnic minority groups.26 Wright is using
both qualitative and quantitative research methods to assess
parents’ attitudes and practices related to NAGCAT.27 Results
from these studies are pending, and in light of this, it is still
premature to draw definitive conclusions about the general
efficacy of NAGCAT.

Strengths and limitations
This study involved a large evaluation of a well known
prevention resource and fills a dire need for evaluative
research.3 We believe this to be novel work because it is the
first rigorous evaluation of NAGCAT. Further, the results
provide a realistic indication of the potential efficacy of
NAGCAT and indicate how this resource might be refined.
Our study investigated a large case series, and two of its

data components were national and population based. While
we examined multiple windows of surveillance with the aim
of generalizability, we were restricted to available data
sources. The hospitalized and fatal injury cases were limited
to Canada (with the exception of the 17 cases from the Fatal
Assessment and Control Evaluation program), as an analo-
gous case series could not be assembled in the United States.
Likewise, the data on restricted activity injuries were limited
to the United States. Our data were based upon records
collected for other purposes. Thus, details surrounding the
descriptions of injury events varied by data source and
resulted in some missing information that could impact our
estimates of the efficacy of NAGCAT. Irrespective of these
limitations, our study was a practical, efficient, and cost
effective way to begin evaluating the content and potential
efficacy of NAGCAT.

Implications for NAGCAT
Our evaluation identified NAGCAT guidelines that are
associated with recurrent injury events. This could lead to
efficiencies in the presentation of the NAGCAT resource. To

Table 7 Potential efficacy of NAGCAT among cases with an applicable guideline

Preventability if NAGCAT applied

Fatal injuries
(total n = 44)

Hospitalized injuries
(total n = 57)

Restricted activity
injuries (total n = 60) Total (total n = 161)

n % n % n % n %

Preventable: 100% certain 35 79.5 40 70.2 21 35.0 96 59.6
Likely preventable 7 15.9 7 12.3 9 15.0 23 14.3
Not preventable: 100% certain 2 4.5 10 17.5 30 50.0 42 26.1

Table 8 Work activities of children where NAGCAT were not applicable

Work activity

Fatal injuries
(total n = 18)

Hospitalized injuries
(total n = 36)

Restricted activity
injuries (total n = 33) Total (total n = 87)

n % n % n % n %

Maintaining farm machinery 2 11.1 2 5.6 8 24.2 12 13.8
Using tractor as a stationary power source 0 9 25.0 1 3.0 10 11.5
Traveling to worksite 6 33.3 1 2.8 2 6.1 9 10.3
Branding/breeding/vaccinating animals 0 0 8 24.2 8 9.2
Maintaining farm buildings 0 4 11.1 2 6.1 6 6.9
Burning brush, garbage 0 3 8.3 2 6.1 5 5.7
Operating mechanical harvesters (potato, corn,
vegetable)

1 5.6 4 11.1 0 5 5.7

Working in confined spaces
(silos, grain bins, etc)

3 16.7 0 2 6.1 5 5.7

Harvesting activities 1 5.6 3 8.3 0 4 4.6
Planting activities 1 5.6 3 8.3 0 4 4.6
Operating farm truck/pick-up 2 11.1 0 1 3.0 3 3.4
Using post hole drivers 0 0 3 9.1 3 3.4
Other/insufficient information 2 11.1 7 19.4 4 12.1 13 14.9
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illustrate, 10/62 individual guidelines accounted for 63% of
the cases observed. Certain categories of guidelines (specialty
production, manual labor) accounted for very few of the
observed cases and are unlikely to have a major influence on
farm injury rates except for focused production circum-
stances. Condensed versions of NAGCAT might include only
those guidelines/guideline categories that are most frequently
associated with injury.
In addition, the NAGCAT team should re-examine guide-

lines most commonly associated with recurring patterns of
injury. The potential for injury prevention through refine-
ments to NAGCAT would seem greatest by focusing first on
these specific guidelines. Adult responsibilities may need to
be emphasized or clarified, the job may require more
advanced developmental abilities than originally proposed,
the level of supervision may need to be increased, and/or the
NAGCAT job may need to be completely and openly restricted
for children.
Currently, NAGCAT fail to cover some important work

activities that commonly lead to childhood injury. Some of
these are within the purview of developmentally appropriate
farm work (some machinery maintenance) and the NAGCAT
consensus team might consider developing new guidelines to
cover this work. Conversely, the NAGCAT team will need to
consider openly restricting some high risk activities to the
adult work force only, analogous to the Hazardous
Occupations Order for Agriculture.28 Examples include work
in confined spaces, application of chemicals, and certain
animal husbandry activities.

CONCLUSIONS
NAGCAT do have the potential to prevent a significant
proportion of the most serious work related injuries
experienced by children in the correct age range (7–16
years). However, NAGCAT were applicable in only 20% of the
farm injury cases, mainly because the children were not
working. If NAGCAT are to address the leading causes of
pediatric farm injury, their scope must expand beyond
working children. NAGCAT were not intended to be, and
clearly are not, the sole solution to the pediatric injury
problem on North American farms.
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Life saving shirt

I
t has been reported that the National University of Singapore has developed a life saving
shirt that can call for help when its wearer falls. The shirt has a small sensor transmitter
system attached to the shirt which detects the speed and tilt of the wearer. When a person

falls, this triggers the transmitter, which sends information wirelessly to the victim’s home
computer or mobile phone, which in turn alerts family or friends with a phone call, message,
or email. The alarm will be raised even if the victim is unconscious. Mechanical engineers
and geriatricians tested the device on 40 volunteers and all falls were recorded. An estimated
one in five people in Singapore will be over 65 years old in the next 25 years, an age when
falls can result in serious injuries. The next step is integration of the technology into the
clothing through interwoven wires and optical fibres. The university team are working on
models which are able to predict and pre-empt falls, ‘‘it’s not too far-fetched to design a
personal airbag which could protect the wearer once the device senses he is about to topple
over’’, Professor Francis Tay told the newspaper (from Sydney Morning Herald, October 2004;
contributed by Ian Scott).
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