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Driver, vehicle, public road, and farm enterprise characteristics were examined for their combined associ-
ation with farm vehicle public road crash group membership. North Carolina farms experiencing a public
road crash from 1992 to 2003 (n=200) were compared with a non-crash control group (n=185) for a
1:1 case:control ratio. Five characteristics were associated with increased odds of crash group member-
ship in the combined model (likelihood ratio=175.95; d.f.=15; p<.001): use of non-English speaking
drivers (OR=3.71); use of non-family hired help drivers (OR=4.25); types of non-farm vehicle public
road use (OR=1.39); farm injury history (OR=1.33); and, use of younger farm vehicle drivers (OR=1.02).
Farms reporting older farm vehicle drivers (OR=0.97), and low farm income (OR=0.29) were less likely
crash group members. Recommendations are discussed for incorporating findings into farm vehicle crash
prevention research and interventions.
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1. Introduction

Farm vehicle public road crashes are a major safety concern for
farmers (Costello et al., 2003; Luginbuhl et al., 2003; NCDOL, 1999)
even though official statistics show that they are a relatively rare
event (less than 1 percent of annual public road crashes in North
Carolina see NCDOL, 1999). Indeed, farm vehicle drivers appear at
a much higher risk for a public road crash than non-farm vehicle
drivers when exposure, i.e., vehicle miles traveled (VMT), is con-
sidered (Costello et al., 2003; Glascock et al., 1995). When a farm
vehicle public road crash does occur, it is five times more likely to
result in a fatality than a non-farm vehicle-type crash (American
Trucking Associations, 2000). Few empirical studies of farm vehi-
cle public road crashes exist (Costello et al., 2003; Gerberich et
al., 1996; McCurdy and Carroll, 2000) and such studies tend to
concentrate on driver characteristics to the exclusion of broader
environmental characteristics.
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1.1. Background and previous studies

This research examines driver, vehicle, farm enterprise, and pub-
lic road characteristics identified in the literature as increasing the
risk for a public road crash involving a farm vehicle (Doss and Pfister,
1972; Ogden, 1997; Layde et al., 1993, 1995; Grieshop et al., 1996).
Examining farm vehicle driver characteristics, younger drivers are
often at a higher risk for injury than middle age individuals because
of deficiencies in skill and experience (McCurdy and Carroll, 2000).
Older drivers are often at higher risk for injury than middle age indi-
viduals because of sensory and muscular deficits and age-related
medical conditions (Pickett et al., 1996).

With regard to farm and non-farm vehicle characteristics, farms
that utilize large size vehicles are at increased risk for a farm vehi-
cle public road crash because of the challenges involved in sharing
a narrow, two-lane road with large, slow-moving farm vehicles
(Mason, 2003). Passenger cars are most frequently involved in farm
vehicle public road crashes, followed by trucks, and other non-farm
vehicle types (Glascock et al., 1995; Hughes and Rodgman, 2000;
Batten, 2000).

Characteristics of the farm enterprise are also important. Farms
that use hired help, specifically hiring non-family or non-English
speaking workers, have higher risk for injury due to workers’ inex-
perience and communication challenges (Grieshop et al., 1996).
Smaller farms are at increased risk for accidents or injuries com-
pared with larger size farms because of the challenges of getting
the farm work done under time pressure constraints, often with
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limited help (Gerberich et al., 1996; McCurdy and Carroll, 2000).
Farm operators’ perceptions and awareness of the risks involved in
an activity vary (Bernstein, 1996; Grieshop et al., 1996; Laughery
and Hammond, 1999). In addition, farmers’ previous agricultural
work injuries are associated with an increased risk for additional
injuries (Norris et al., 2000; Browning et al., 1998). Variation in risk
perceptions and injury experience may impact farm safety practices
and farmer behavior.

Public road conditions also contribute to increased crash risk.
Publicroad use results in “conflict” due to traffic density and sharing
a public resource with a growing population of non-farm vehicle
drivers (Satterthwaite, 1981; Kita, 2000). Farms are sharing once
quiet rural roads with a growing population of non-farm vehicles
(Costello and Wogalter, 2003).

In summary, farm vehicle public road crashes are complex social
phenomena that occur within the context of the public road envi-
ronment (Batten, 2000). Inherent in the use of limited public
resources such as public roads is the act of “sharing.” The com-
plex nature of this public road “sharing” relationship suggests that
a combination of driver, vehicle, farm enterprise, and public road
environmental characteristics contribute to farm vehicle public
road crash risk. This study investigates the extent to which these
characteristics contribute to an increased risk of a farm vehicle
public road crash using data collected from North Carolina farms.

2. Methods
2.1. Case-control study design

A case-control design was used to compare farms reporting a
farm vehicle public road crash with farms that had not experienced
a crash. A case was defined in this study as a North Carolina resident
farm operator or owner/operator, who met the following criteria:
drives farm vehicles on public roads; is 18 years of age or older;
and either he/she or the farm help had experienced a farm vehicle
public road crash between 1992 and 2003. Controls met the same
screening criteria, except that neither the farmer respondent nor
the farm help had experienced a farm vehicle crash between 1992
and 2003.

2.2. Crash case time frame

A long inclusion period (1992-April, 2003) was selected for
cases in this study because of the small number of farm vehicle
crashes reported each year on North Carolina public roads (approx-
imately 300 crashes annually). Eighty-seven percent of all crash
cases occurred within 8 years of the survey. Ten respondents, who
reported a crash prior to 1992, were included in the non-crash group
because the incident occurred outside of the designated time frame.

2.3. Farm as unit of sampling

This study used the farm as the unit of sampling and analy-
sis rather than individual farm vehicle drivers. This decision was
prompted by (a) the difficulty of deriving a complete sample of
individual farm vehicle drivers in North Carolina and (b) the inter-
est in capturing the effect of farm enterprise level characteristics,
which calls for sampling at the level of the farm.

2.4. Participants

A USDA-sponsored agricultural program database provided a
list of North Carolina resident farm land owners and farm opera-
tors (owners of farm land and renters) with unique phone numbers

(n=46,910) from which a SAS program for random selection with-
out replacement and random ordering generated 20,000 telephone
numbers for sequential calling. Calls were made at different times
of the day and the week to reduce sampling bias, and at least 3
call backs were made before determining that a number could
not be contacted. A total of 14,800 phone numbers were called.
Of those 14,800 calls, 24 percent were unable to be screened
for several reasons. Approximately 1.4 percent of calls were to
individuals who refused to be screened. Approximately 22 per-
cent of calls were placed to numbers that were either out of
service (n=1807), no longer where a farmer lives (n=683), or
could not be contacted (n=807). Approximately 76 percent of
the total 14,800 numbers called (i.e., 11,299 numbers) were to
households that allowed successful screening. Approximately 34
percent (n=3902) of households successfully screened met inclu-
sion eligibility criteria. The eligibility criteria were: North Carolina
resident farm operators or owner/operators; 18 years of age or
older; actively farming; and, reporting driving farm vehicles on
public roads at the time of the study. Reasons for not meeting
eligibility criteria were no longer farming or driving a farm vehi-
cle on public roads. Not all farm land owners in the database
were actively operating farms (i.e., retired from farming and rent-
ing land to active farmer but participating in a USDA program
because of ownership of land). Informed consent was obtained
from all respondents following protocols approved by the NCSU
IRB.

Eligible individuals were asked to participate in a 20 min tele-
phone survey, which included a question as to whether he/she or
his/her farm help had experienced a farm vehicle public road crash
between 1992 and 2003. A total of 236 interviews (i.e., with 208
no-crash respondents and 28 crash case respondents) were com-
pleted in part one of the telephone interviews. The 208 became
the no crash control cases. From that point on, eligible individuals
were screened and asked to complete the interview only if they or
their farm help had experienced a farm vehicle public road crash
between 1992 and 2003. A total of 188 crash case surveys were
completed in the second phase of sampling. Combined with the 28
crash cases identified in the first phase of interviewing, a total of
216 crash cases were available for data analysis. Altogether, a sam-
ple of 216 farm vehicle public road crash cases and 208 no-crash
controls resulted in a 1:1 case—control ratio. No eligible individuals
asked to complete the survey refused.

2.5. Measures

The dependent variable in this study was dichotomous, with
crashes defined as either the farm operator or owner/operator or
his/her farm help having experienced a farm vehicle public road
crash between 1992 and 2003. Crashes were coded as 1, and no-
crashes as zero (0).

All measures in this study were self-report with the farm opera-
tor or owner/operator respondent reporting characteristics of farm
vehicle public road use for his/her respective farm, rather than for
a specific driver. In addition, farm operators or owner/operators
were asked questions about the status of driver, vehicle and envi-
ronmental characteristics at the time of the interview, rather than
at the time of the crash. Driver, vehicle, farm enterprise and pub-
lic road environmental independent variables were measured as
described below.

Age of youngest farm vehicle driver is a continuous variable mea-
sured by asking farm operator or owner/operator respondents the
age of the youngest individual driving farm vehicles on public roads
for their farm.

Age of oldest farm vehicle drivers is a continuous variable mea-
sured by asking farm operator or owner/operator respondents the
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age of the oldest individual driving farm vehicles on public roads
for their farm.

Publicroad driving exposure was measured by asking farm opera-
tors or owner/operators the number of hours per week they or their
farm help drive farm vehicles on public roads during busy months.

Farm help status was measured by asking farm operators or
owner/operators whether they have non-family hired help driv-
ing farm vehicles on public roads. Yes responses were coded as 1
and no responses were coded as zero (0).

Non-English speaking help status was measured by asking farm
operators or owner/operators whether any of their farm help driv-
ing farm vehicles on public roads were non-English speaking. This
variable, initially measured continuously (i.e., “how many..."),
was dichotomized so that Yes responses were coded as 1 and no
responses were coded zero (0).

Farm injury history was measured by asking farm operators or
owner/operators how many times while working in agriculture
they had been injured badly enough on the job to miss a day of work
or receive medical treatment. This was used us a dummy variable
with any yes responses coded as one (1).

Farm vehicle age was measured by asking farm operators or
owner/operators the age of the farm vehicles they drive on pub-
lic roads. The age of the oldest farm vehicle mentioned was used
for data analysis and model testing.

Farm truck—usage was measured by asking farm operators or
owner/operators what types of farm vehicles they or their farm
help drive, tow or load and transport on public roads, besides farm
tractors. Farm truck types (i.e., pick up trucks and dump trucks)
mentioned were summed as zero (0) for no mention or one (1) for
one or more mentions for use in data analysis and model testing.

Large size farm vehicle—usage was measured by asking farm
operators or owner/operators what types of farm vehicles they
or their farm help drive, tow or load and transport on public
roads, besides farm tractors. Large size farm vehicle types men-
tioned (i.e., combines, harvesters, specialty equipment and hay
balers) were summed as zero (0) for no mention or one (1)
for one or more mentions for use in data analysis and model
testing.

Total non-farm vehicle public road use characteristics were mea-
sured by asking farm operators or owner/operators the following
open-ended question: “what are the roads you use to transport farm
equipment used for besides farming?” Responses were summed
for use in data analysis and model testing. Examples of non-farm
vehicle public road use included: local traffic; commuter route;
construction site access; livestock trucking route; construction
route. Summary scores ranged from one (1) to seven (7) non-farm
vehicle public road uses. Higher scores indicated a greater number
and variety of non-farm vehicle public road uses.

Traffic density was measured by asking farm operators and
owner/operators whether their farm was located in an area with:
(1) little traffic, (2) moderate traffic, or (3) heavy traffic. Response
frequencies were used for data analysis and model testing.

Number of farm operations was measured by asking farm oper-
ators or owner/operators “how many farm operations they own or
manage.”

Farm income was measured by asking farmers to report their
gross annual farm sales. Gross annual farm sales responses were
categorized into one of three groups based on US agricultural cen-
sus data categories for gross annual farm sales, namely: low income
(<$25,000 annual gross farm sales); medium income ($25,000 to
$99,999 annual gross farm sales); and high income ($100,000 or
greater annual gross farm sales) (USDA, 1999). Medium income was
the referent group. Farm size is often measured in agricultural stud-
ies using farm income as a proxy variable (Murphy, 2003; USDA,
1999).

Several variables included in the study to assess farm driver
perceptions (e.g., actions taken to prevent crashes, perceived road
use conflict, perceived danger in driving farm vehicles on public
roads) were eliminated from the analyses because they could be
endogenous to the crash process itself.

2.6. Data analysis

Logistic regression was used to test the proposed research model
regarding farm vehicle public road crash group membership differ-
ences. SAS for Windows was used for all data analyses. Outliers
were identified using the following criteria: A Cook Cl-interval dis-
placement statistic of .13 or greater; and a positive change in all
three of the following statistics, namely, the logistic regression X2,
and the linear regression R2, and R? adjusted when variable was
deleted from the model. After cleaning data for outliers (n=9) and
missing data (n=30),a sample of n=200 crash cases and n =185 no-
crash controls were available for data analysis. The final data set for
analysis without the outliers and missing data cases was very close
to the goal of having a one to one ratio of crash cases and no-crash
controls. We elected not to use the outliers and missing data cases
S0 as to not to create possible biases in the measured variables.

A combined model of driver, vehicle, farm enterprise, and public
road environmental variables posited to be associated with farm
vehicle public road crash group membership was compared with
the constant-only model by means of a likelihood ratio test at a
p <.05 significance level. The unique contribution of each individual
variables was tested using the Wald statistic and the odds ratio
point estimate, along with the 95% Wald confidence limits. Only
statistically significant independent variables are presented in the
Tables for reasons of parsimony.

3. Results
3.1. Sample description

The mean age of North Carolina resident farm operators or
owner/operators in this study (n=385) was 55 years, which is com-
parable to USDA agricultural census data (1999) for North Carolina
(mean=55 years). Mean acreage for the study sample was 539
acres, which was higher than the North Carolina census mean of
185 acres. A mean annual gross farm sales of $133,000 for this sam-
ple was lower than the North Carolina census mean of $155,000
(NCOSPL, 1997, 2000). This study’s sample represents a smaller per-
centage of low income farms (28%) than the North Carolina (67%)
USDA agricultural census data, and a higher percentage of medium
and large income farms. Descriptive statistics (means) showed that
farms with crashes had more workers, farmed more acres, and had
higher gross farm sales than non-crash farms.

These findings suggest that, although the study sample is similar
in age and race to the North Carolina agricultural census popula-
tion, North Carolina resident farm operators or owner/operators
included in the USDA agricultural program database may differ
somewhat from the average US Census data profile for North Car-
olina farmers.

The means and percentages of the independent variables
significant in the combined model are displayed in Table 1.
Intercorrelations between independent variables, significant and
non-significant, ranged from r=0.1 to r=0.64, with no evidence of
multicollinearity.

3.2. Model testing

The study’s model tested the combined association of fifteen
driver, vehicle, public road, farm enterprise, and farm operator char-
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Table 1

Independent variable means and frequency percentages for total sample and by farm vehicle public road crash status, and chi square or t-test results for crash versus no crash

group comparisons (statistically significant independent variables)

Variable

Total sample (n=385) Crash (n=200) No crash (n=185)

Age of youngest farm vehicle driver on public roads (mean)

Age of oldest farm vehicle driver on public roads (mean)

Non-family hired farm help drive farm vehicles on public roads (D, %)
Non-English speaking (D, %)

Farm injury history (mean number of events)

Total number and variety of non-farm vehicle public road uses (mean)
Farm vehicle age (i.e., years of age of oldest farm vehicle driven)

Use of farm truck (D)

Use of large-size farm vehicles (D)

Driving exposure (i.e., number of hours driven farm equipment on public roads
Number of farm operations managed

Gross farm income
Low income (<$25K) (D, %)
High income ($100K or more) (D, %)

Traffic density
Low density
High density income

33.6 3117 36.4
60.5 59.6 61.5
46.7 76.5" 24.0
28.0 41.0" 14.0

1.0 157 0.5

19 227 13
343 34.4 34.0
77.0 83.5" 70.2
67.0 77.0" 56.2
13.6 16.0” 11.0

3.1 3.8 23
283 11.07 47.0
46.7 65.0" 27.0
19.7 13.0” 27.0
24.9 305" 18.9

Note: X2 (d.f.=1) or t-test (d.f.=383) significant differences between crash and no-crash groups "p<.05, “p<.001; D, %: dichotomous variable response percentage.

acteristics with farm vehicle public road crash group membership.
The model was significant with a likelihood ratio of 175.95 (d.f.= 15;
p<.001;—2 log likelihood intercept only =533.1;—2 log likelihood
full model =357.2).

Odds ratio point estimates and Wald 95% confidence lim-
its presented in Table 2 for the driver, vehicle, farm enterprise,
farm operator, and public road environmental variables signifi-
cant for increased crash group membership likelihood controlling
for all other independent variables are: non-English speaking
help (OR=3.71; CI=1.95-7.03); non-family hired help (OR=4.25;
Cl=2.37-7.63); farm injury history (OR=1.33; CI=1.11-1.60); non-
farm vehicle public road use (OR=1.39; CI=110-1.76); and,
younger farm vehicle drivers (OR=1.02; CI=1.00-1.04).

Odds ratio point estimates and Wald 95% confidence lim-
its for the one driver and one environmental variables that
significantly decrease crash group membership likelihood control-
ling for all other independent variables are: older farm vehicle
drivers (OR=0.97; CI=0.95-0.99); and low farm income (OR =0.29;
CI=0.14-0.59) compared with farms reporting medium farm
income. These results are net of the effects of the non-statistically
significant independent variables (hours driven on public roads;

Table 2
Logistic regression odds ratio point estimates and 95% Wald confidence limits (for
statistically significant independent variables) (n=385)

Variable 0Odds ratio point 95% Wald
estimate confidence limits
Age of youngest driver 1.02 1.00-1.04°
Age of oldest driver 0.97 0.95-0.99"
Non-family hired help (D) 425 2.37-7.63"
Non-english speaking help (D) 3.71 1.95-7.03"
Farm injury history 133 1.11-1.60"
Total non-farm public road use 139 1.10-1.76"
Farm vehicle age 1.01 0.99-1.03
Use of farm truck (D) 1.78 0.93-3.41*
Use of large-size farm vehicles (D) 1.74 0.98-3.09*
Driving exposure 1.012 0.99-1.03
Number of farm operations managed 1.02 0.95-1.10
Low farm income (D) 0.29 0.14-0.59"
High farm income (D) 1.37 0.72-2.58
Low traffic density 0.65 0.33-1.29
High traffic density 1.51 0.78-2.92

Note: *p<.10; "p<.05; “'p<.001. D =dichotomous variable.
Variables significant in the expected direction are underlined.
Variables significant in a direction opposite to that expected are italicized.

oldest farm vehicle; farm trucks; large size farm vehicles; traffic
density; total non-farm public road use; number of farming oper-
ations) that function as controls for exposure, farm size and scale,
and traffic density.

4. Discussion

The posited combination of driver, vehicle, farm enterprise,
and public road environmental characteristics significantly pre-
dicted farm vehicle public road crash group membership. Several of
the expected relationships were supported. Farms reporting non-
family and non-English speaking farm vehicle drivers and younger
farm vehicle drivers were at increased farm vehicle public road
crash group membership risk. Farms reporting a history of farm
injury of any sort were also at increased risk for farm vehicle crash
group membership. This could reflect an overall behavioral adapta-
tion towards farm safety that shapes the way that farm vehicles are
used on public roads. Not surprisingly, increased non-farm vehicle
public road use (i.e., a greater variety of non-farm vehicle driving
purposes) was associated with an increased risk for crash group
membership.

Some variables were significantly associated with crash group
membership in ways that were not expected. Farms reporting older
drivers were less likely crash group members. Perhaps our measure
of age did not capture the point at which the benefits of greater
experience are outweighed by decreasing physical stamina, coor-
dination, and so on. Finally, low farm income, a proxy for farm size,
was associated with lower likelihood of crash group membership.
The relationship could not be due to smaller farms having less driv-
ing exposure, since there was a very modest negative correlation
between low farm income and driving exposure (r=.14, p <.05).

Past farm vehicle public road crash preventive actions have
focused primarily on the driver and the farm vehicle (Costello et al.,
2003) rather than taking a combined driver, vehicle, and environ-
mental approach. Future farm vehicle public road crash reduction
interventions should consider a combined approach that addresses
driver, vehicle, road conditions, and characteristics of the farm and
the farmer/farm help.

4.1. Study limitations

Case-control studies of farm vehicle public road crashes are
labor-intensive and present a number of challenges. Therefore, this
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study had a number of limitations, in particular, ones pertaining
to: recall accuracy and measurement time periods; survey ques-
tion design and measurement; the level of analysis; and, sampling
bias. Each limitation is addressed below.

4.1.1. Measurement time periods

Crash cases were considered eligible for the study if they
occurred from 1992 to 2003. Since the occurrence of farm vehi-
cle public road crashes is such a rare event, a longer time period
was chosen in order to capture a sufficient number of cases. We
chose not to ask respondents to describe the characteristics of a
specific crash (e.g., driver characteristics, traffic patterns) because
of concern about the accuracy of recall of details of a crash in
the distant past. For this reason, questions were asked about cur-
rent conditions, with the assumption that these would, for the
most part, be indicative of prior conditions. If these conditions
changed since the crash, the actual relationships between predic-
tor variables and case-control status would be obscured. To the
extent that conditions changed as a result of a crash (e.g., increased
safety practices from pre-crash to post-crash), this could very well
reduce differences between the control and crash conditions. There
is no indication that such differences occurred. However, future
case-control studies of this type might ask respondents what they
had done differently (if anything) in response to the occurrence of
a crash.

4.1.2. Survey design and measurement

There are several potential weaknesses with regard to choices
made in the design of this study. First, the respondent was asked to
describe characteristics of the farm and/or farm environment (e.g.,
traffic density, farm income, and so on). There was no independent
verification of the respondent’s responses. Second, given the diffi-
culty of doing a comprehensive assessment of the experiences of all
drivers on a farm in a brief phone interview, we chose to select an
“index” person or item for particular questions. To assess the degree
to which there was a history of farm injury (i.e., a proxy for farm
safety), we asked about the experiences of the interview respon-
dent himself/herself. To assess the age (and presumed safety) of
farm equipment, we asked the age of the oldest farm vehicle being
used. This obviously creates measurement problems if the experi-
ences of the index respondent are not generally representative of
others working on the farm.

There are some other potential weaknesses with regard to the
validity of the instruments used in this study. A number of variables
used in this study were measured using single item closed and
open-ended questions. In addition, retrospective recall of events
(such as number of hours driving a farm vehicle) may be suscepti-
ble to error. There are certainly methodologies from other areas that
might increase the validity of retrospective recall (e.g., the time-line
follow-back technique that has been used to increase the validity of
recall of frequency of alcohol use) (Sobell and Sobell, 1992). How-
ever, such approaches are time intensive and difficult to use in brief
telephone surveys where soliciting participation is a challenge. Fur-
ther research in the validation of measures in the farm vehicle crash
area would be helpful.

4.1.3. Level of analysis

The thrust of this study was to examine how driver, vehicle, farm
enterprise, and public road environmental characteristics at the
farm level related to crash group status. The assumption was that
respondents’ responses serve as an approximate measure of charac-
teristics of the farm enterprise. (For example, the owner/operator’s
report of his/her injury history was taken as a proxy for attention to
safety issues by the farm enterprise). To the extent that the opera-
tor or owner/operator’s responses were atypical of the farm overall,

use of these measures would obscure actual relationships. Indepen-
dent measurement of farm-level characteristics (e.g., rates of farm
injury) are difficult to obtain, but would increase confidence in the
validity of results.

4.1.4. Sampling bias

Two possible limitations of the study involve potential bias in
construction of the sample and in the self-election of respondents.

First, a USDA agricultural program database for North Carolina
resident farm land owners and farm operators (owners and renters
of farm land) was used to generate the sampling frame for this
study. Eligibility criteria ruled out farm land owners who were not
actively farming, resulting in a large number of ineligible num-
bers. Farm operators not participating in a USDA program (i.e., very
small scale “hobby” farms) are not necessarily listed in this data
base. Comparison of the study sample demographic profile with
the North Carolina agricultural census profile in Table 1 indicated
that the study sample had fewer small size farms, higher mean farm
acreage, and reported lower mean gross farm income. These find-
ings suggest a potential sampling bias, and thus, raise questions
about the generalizability of the study to the total population of
North Carolina farmers. A comparison of farm vehicle driver age
and percentage of crashes by month for this study with those of
North Carolina crash report data (Hughes and Rodgman, 2000),
however, suggests that the study sample is comparable to North
Carolina farmers reporting a vehicle public road crash. Therefore,
these findings suggest that although the USDA agricultural program
database may have provided a biased sampling frame, crash case
data comparisons suggest the study sample is reasonably represen-
tative of North Carolina farmers who drive farm vehicles on public
roads and are involved in a crash. In other words, very small-scale
farms that may not be participating in a USDA program, and there-
fore not part of the USDA database, are also the farms that tend not
to drive farm vehicles on public roads.

Second, as discussed earlier, approximately 22 percent of
calls were placed to numbers that were either out of service
(n=1807), no longer where a farmer lived (n=683), or could not
be contacted (n=807). It is undetermined how many of these
“unscreened” phone numbers actually represent non-identified eli-
gible participants. It is also unclear to what extent non-identified
eligible participants might be different from those farm owners or
owner/operators who were successfully screened. Thus, there may
be bias in the individuals successfully screened in this study. Future
studies might devote increased resources to following more inten-
sively a small subsample of non-responders to check for sampling
bias. Investigators might also examine whether degree of difficulty
of recruitment in their own sample is related to important predictor
or dependent variables.

In spite of these limitations, significant relationships were found
in expected directions, suggesting the robustness of these findings.

4.2. Implications for future interventions

Driver age, farm help status, non-family hired help, and his-
tory of farm injury were associated with farm vehicle public road
crash group membership. Intervention research should determine
whether farm vehicle driver licensing, training, testing and mon-
itoring programs would be effective methods for reducing farm
vehicle public road crash risk. Readers should note that farms
who used non-family hired help and non-English speaking help
were more likely to be in the crash group, but the study did not
determine the identify of the driver of the crash (i.e., whether the
actual crash-involved driver was non-family hired help and/or non-
English speaking help).
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The public road environment is changing in North Carolina.
Once quiet roads used by farm vehicles are now being shared
with an increasing number and variety of non-farm vehicles. Peak
morning and afternoon times are key time periods for public road
use and thus ripe for public road competition and conflict. When
asked, farmers suggested such things as slow moving vehicle lanes,
improved signage, driver training, and better speed limit enforce-
ment as possible interventions. Traffic pattern and time usage
information would be helpful.

4.3. Conclusion

Public road crashes are complex social phenomena (Batten,
2000). A combination of driver, vehicle, farm enterprise, and public
road environmental characteristics were associated with farm vehi-
cle public road crash group membership, providing important clues
about risk factors that warrant attention and possible intervention.

The increase in urban growth in North Carolina is expected to
continue. Urban and agricultural traffic often compete for the same
public road resources at the same key time periods during the day.
In addition, farm vehicles are often large and slow moving. Com-
muters and faster moving vehicles may become frustrated driving
behind farm vehicles and attempt unsafe passing maneuvers

In summary, the data from this study suggest a combination
of driver, vehicle, public road, and farm enterprise characteristics
contribute to increased farm vehicle public road crash risk. Thus,
a multifaceted approach to farm vehicle public road safety that
goes beyond the farmer and farm vehicle is warranted. Agricul-
ture remains an important industry in North Carolina, so further
research and intervention examining how farmers and non-farmers
can safely share public roads is warranted.
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