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ABSTRACT. Agriculture has the highest injury and fatality rates when compared with
other U.S. industries, and tractor overturns remain the leading cause of agricultural fa-
talities. Rollover protection structures (ROPS) are the only proven devices to protect a
tractor operator in the event of an overturn. These devices are 99% effective when used
with a seatbelt. Nearly 49% of tractors in the U.S. are not equipped with a ROPS. Inter-
ventions such as social marketing, community awareness campaigns, and financial incen-
tives have been directed at encouraging farmers to install ROPS on their unprotected
tractors. The purpose of this study was to conduct similar comparisons of ROPS protec-
tion and readiness to retrofit in different segments of the Vermont and Pennsylvania farm
communities. A telephone survey was used to collect data on ROPS prevalence, farm de-
mographic characteristics, and farmer’s stage of change relative to installing ROPS on
farm tractors. Our data provide new and unique information on the prevalence of ROPS-
equipped tractors relative to commodity, farm size, and a variety of other demographic
variables. Extrapolating from these data, the commodities studied account for roughly
162,072 tractors across the two states. Of these, 85,927 (53%) do not have ROPS. Of
these unprotected tractors, 77,203 are in Pennsylvania and 8,724 are in Vermont. Our
other two research questions dealt with the farmer s stage of change and possible ways to
segment this population. The stage of change portion of our work demonstrates that most
Pennsylvania and Vermont farmers are not contemplating ROPS retrofitting in the near
future. Since no major differences were found in the stage of change, the number of un-
protected tractors was examined for each of the commodity groups. In Pennsylvania,
29% of all unprotected tractors were found on cash crop farms. This trend was even more
apparent on smaller farms than large farms. This led to the selection of smaller cash crop
farms as the target audience for social marketing messages. In contrast, researchers in
Vermont found a bimodal distribution of unprotected tractors. Of all the commodity
groups surveyed in Vermont, vegetable and cash crop farmers were least likely to have
even one protected tractor to use on the farm. Probably the most encouraging finding
from this study is that over 85% of Pennsylvania farms and over 87% of Vermont farms
surveyed had at least one tractor available that had ROPS protection. Of those farms,
25.5% of the Pennsylvania farms and 46% of the Vermont farms have ROPS on all of

Submitted for review in November 2012 as manuscript number JASH 10035; approved for publication by
the Journal of Agricultural Safety and Health of ASABE in July 2013.

The authors are Aaron M. Yoder, ASABE Member, Assistant Professor, Department of Environmental,
Agricultural and Occupational Health, University of Nebraska Medical Center, Omaha, Nebraska; Dennis J.
Murphy, ASABE Fellow, Distinguished Professor, Department of Agricultural and Biological Engineering, The
Pennsylvania State University, University Park, Pennsylvania; Julie A. Sorensen, Deputy Director, Flannery
Foster, ROPS Research Coordinator, John May, Director, and Paul Jenkins, Director of Statistics and Computing,
New York Center for Agricultural Medicine and Health, Northeast Center for Agricultural Health, Cooperstown,
New York; Matt Myers, ROPS Program Coordinator, and George Cook, Maple and Farm Safety Specialist,
University of Vermont, Morrisville, Vermont. Corresponding author: Aaron M. Yoder, 984388 Nebraska Medical
Center, Omaha, NE 68198-4388; phone: 402-552-7240; e-mail: aaron.yoder@ unmc.edu.

Journal of Agricultural Safety and Health
19(3): 175-190 ©2013 ASABE ISSN 1074-7583 DOI 10.13031/jash.19.10035 175



their tractors. Both of these findings were greater than the findings from a 2006 survey of
New York State farms, which found that 75% of surveyed New York farms have ROPS on
at least one tractor, and 18% have ROPS on all tractors. Even with these encouraging
data, the goal of 100% of tractors with ROPS is far from being met. There are still an
estimated 90,000 unprotected tractors on Pennsylvania and Vermont farms, and these
farm owners are currently unmotivated to install ROPS. However, as demonstrated in
New York State, it may be possible to use social marketing that combines persuasive mes-
sages and cost-sharing to persuade these farmers that ROPS are indeed important and
accessible.

Keywords. Retrofit, Rollover, ROPS, Safety, Social marketing, Stages of change, Target
population, Tractor overturn.

industries. Recent numbers from the Bureau of Labor Statistics indicate the rate

of fatal agricultural injuries is 26.8 per 100,000 full-time workers. This work
death rate is seven times the all-industry work death rate of 3.5 (BLS, 2011). Although
tractor overturns remain the leading cause of agricultural fatalities (Myers and Hendricks,
2010), these events have decreased 28.5% from 1992 to 2007 (Myers, 2010).

Rollover protection structures (ROPS) are the only proven devices to protect a tractor
operator in the event of an overturn. These devices are 99% effective when used with a
seatbelt (NIOSH, 2004). Fortunately, since 1985, the industry has required that ROPS be
provided as standard equipment on all new tractors (4SABE Standards, 2009). Even with
the advent of this ROPS standard, according to data from the NIOSH Occupational Injury
Surveillance of Production Agriculture, about 49% of tractors in the U.S. are not
equipped with ROPS (Myers, 2010). Most of these unprotected tractors were manufac-
tured prior to the advent of the 1985 industry decision to make ROPS standard equipment
on tractors.

Interventions such as social marketing (Sorensen et al., 2008), community awareness
campaigns (Cole et al., 2000), and financial incentives (Hallman, 2005) have been di-
rected at encouraging farmers to install ROPS on their unprotected tractors. Sorensen et
al. (2008) defines social marketing as an intervention development framework that is
based on the concept of exchange. This framework demands that researchers work to
increase the benefits of healthy behaviors and decrease the costs so that healthy behaviors
are a more appealing option. In New York State, the New York Center for Agricultural
Medicine and Health launched a successful social marketing campaign aimed at increas-
ing the number of ROPS-protected tractors in November 2006. Since the launch of this
program, there has been a significant increase in ROPS sales (Sorensen et al., 2008). Re-
search shows that there has also been a shift in farmers’ readiness to change subsequent to
the intervention (Jenkins et al., 2012). The farmers’ readiness to change is measured by
standard behavior change models, described below.

Prior to the advent of the New York State program, New York State farm populations
were segmented, also known as categorized, to compare differences in risk exposures,
readiness to install ROPS, and barriers and motivators to retrofitting (May et al., 2006).
Data from this study identified small crop and livestock farms as having the lowest pro-
portion of ROPS-protected tractors. Readiness to install ROPS was based on the “stages
of change” model described below and was fairly consistent in the different New York

ﬁ griculture has the highest injury and fatality rates when compared with other U.S.
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State farm segments. The transtheoretical model (TTM) of health behavior change is one
of several behavior change theories that carefully consider the combination of barriers
and motivators to effect behavioral change (Yoder and Murphy, 2012). The TTM assesses
an individual’s readiness to engage in healthier behaviors and provides strategies, or pro-
cesses of change, to move the individual through the stages of change to action and
maintenance. It is often referred to as the “stages of change” model. Although this infor-
mation has been helpful for identifying a target segment for the New York State ROPS
intervention, little has been published on comparisons of risk exposures and readiness to
install ROPS among farming segments in other states.

The purpose of this study was to conduct similar comparisons of ROPS protection and
readiness to retrofit in different segments of the Vermont and Pennsylvania farm commu-
nities. The data were then used to compare risk exposures and readiness to change varia-
bles between all three states, as well as between different demographic groups. The re-
sults of this study are reported here.

Methods

Telephone Survey

To collect the data, researchers for Pennsylvania and Vermont adapted the survey that
had been used to compare and select a target segment in the New York State study (May
et al., 2006). The entire questionnaire was administered in an approximately five-minute
telephone call by the New York National Agricultural Statistics Service (NY-NASS). The
survey instrument was pilot-tested in the New York State ROPS Retrofit Program (May et
al., 2006) and further revised. This survey permitted the collection of data on ROPS prev-
alence, farm demographic characteristics, and on a farmer’s stage of change relative to
installing ROPS on farm tractors.

Previous surveys of the northeast farm community have divided it by major commodi-
ty groups: dairy, livestock, fruit, vegetable, and cash crop (May et al., 2006). Similar
commodity groups were used for this study. Early in the course of the study, it became
apparent that maple farms were likely to represent a distinct segment within the Vermont
farm community. These farms were then included in the Vermont surveys. Samples were
randomly drawn from each commodity group for Pennsylvania and Vermont farms by
NY-NASS. Once randomized, farms were contacted in sequential fashion until 100 or
more farms were obtained for each of the commodities. Information was collected on the
number of acres worked by cash crop, fruit, vegetable, and maple (Vermont only) farmers
and the total number of animals for livestock and dairy farms in order to segment each
commodity into large and small strata during the analysis phase. Respondents were farm
owners and, when these were not available, the person answering the call was asked
whether they were familiar enough with farm operations to answer survey questions. If
so, they were asked to identify their affiliation with the farm (e.g., farm wife, farm super-
visor, etc.). The Mary Imogene Bassett Hospital Institutional Review Board approved the
human subjects aspects of this study.

Inclusion Criteria

Any agricultural operation having membership in one of the statewide commodity
groups of interest or listed with the USDA-NASS was included in the study population.
Farms found to be no longer in active production (annual sales of more than $1,000) were
excluded from data collection. If a farm had ROPS on all tractors by virtue of purchase
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(i.e., the farmer had never retrofitted a tractor with ROPS), we gathered data on the farm.
However, since the focus of desired behavior change in the study is retrofitting tractors
currently lacking ROPS, these farms did not qualify for the stage of change portion of the
analysis. In these situations, we continued recruiting farms until we reached the target
numbers described above for each commodity.

Stages of Change

The questionnaire responses allowed the investigators to place a subject in one of sev-
en potential stages of change described in table 1. Figure 1 shows the basic structure of
the questionnaire and the logic used in assigning each farmer to a specific stage of
change. This strategy reflects modifications of the traditional stages of change that we
believe are more suitable for the situation of ROPS retrofitting. Several of the stages have
been subdivided to better describe the potential social marketing audiences in the Ver-
mont and Pennsylvania farm communities. The usual “maintenance” stage of change has
limited significance for ROPS retrofit social marketing and has been dropped.

Data Management and Analysis

Telephone responses were entered onto hard copy and subsequently reviewed by both
the telephone interviewer and the project coordinator. Data forms were double-entered
into SAS (SAS Institute, Inc., Cary, N.C.) and corrected after comparisons. For analysis
of size, farms were aggregated based on being either below or above the median size of

Table 1. Description of stage of change categories.

Stage of Change Description
Pre-contemplation knowledge Not thinking about retrofitting, unaware of necessity of ROPS
Pre-contemplation motivation Not thinking about retrofitting, aware of necessity of ROPS
Early contemplation Have thought about retrofitting but haven’t talked to a dealer
Late contemplation Have thought about retrofitting and have talked to a dealer
Decision / Determination Have set an appointment to retrofit
Action | Have retrofitted at least one tractor but not all tractors have ROPS
Action 11 Have retrofitted at least one tractor and all other tractors have ROPS

How important are ROPS? Not important — » Precontemplation

knowledge
/ Important
Have you considered installing ROPS? No —— Precontemplation
motivation
/ e I
Have you talked to a dealer about this? No * Early contemplation
Yes » Late contemplation

\

Have you set a date for retrofitting? No

Yes —* Decision/determination

:

Do all of your other tractors have ROPS? No —* Action |
Yes — Action |l

Figure 1. Stage of change assessment.
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the farms being sampled for a given commodity. Similarly, farmers were aggregated by
age based on the median reported age.

Differences between continuous or interval-scale measures with respect to two classi-
fication levels, for example, mean age of farm owner with respect to size of respective
farm (large or small), were analyzed using Student’s t-test. Differences among continuous
measures with respect to three or more classification levels, for example, mean annual
hours of tractor usage with respect to no ROPS, some ROPS, or all ROPS on farm trac-
tors, were determined using Student’s t-test.

Relationships between pairs of continuous or interval-scale measures, for example,
age of farm owner and respective percentage of farm tractors with ROPS, were explored
with Pearson’s correlation (r) and, when warranted, further developed using linear least
squares regression analysis.

Differences in proportion with respect to nominal categorical measures, for example,
proportion of tractors with or without ROPS with respect to farm commodity, were ana-
lyzed using the * test. Two-way contingency tables employing at least one ordinal cate-
gorical measure, for example, minors operating tractors (yes or no), and stage of change
(1,2,3,4,5, 6, and 7), were analyzed using the Cochran-Mantel-Haenszel Xz test.

When deemed appropriate, continuous measures were recast as categorical measures
per their median or quartile cutoff points and then subjected to analytic methods as de-
scribed above. Such an approach was used, for example, to determine large or small farm
size from median acreage or number of livestock, or to determine a four-level classifica-
tion from the quartile ages of farm owners. In addition, the stage of change scale was
sometimes used as either a categorical or an interval-scale measure, such that results gar-
nered in one analytic venue were corroborated with results from another. For example,
when comparing scales of readiness to change between large and small farms, the
Cochran-Mantel-Haenszel y test was used while treating stage of change as a categorical
measure, and Student’s t-test was used while treating stage of change as an interval-scale
measure. Continuous and categorical analyses, as previously described, were typically
carried out within each distinct farm commodity group: dairy, livestock, cash crops, vege-
tables, fruit, and maple (Vermont only).

Estimation of Tractors in Pennsylvania and Vermont without ROPS

To improve efficiency and still ensure adequate numbers for analysis of each commod-
ity, this survey did not sample commodities in proportion to their actual distribution with-
in Pennsylvania and Vermont agriculture. Therefore, to estimate the actual numbers of
tractors (with and without ROPS) in each state, the most current data on the number of
tractors in each state were obtained from the USDA-NASS. To estimate the number of
tractors with and without ROPS, the number of tractors in each state was multiplied by
the percentage of tractors without ROPS identified in the sample populations by the tele-
phone surveys in each state.

Pennsylvania Results

A total of 1620 randomly selected Pennsylvania farmers were contacted by telephone.
Of these, 537 farmers agreed to participate. However, of the 537 who participated, 90 did
not provide complete information (some values were missing) or did not have a primary
farming commodity that fell within the five groups that were eligible for the study. As a
result, only 447 surveys (27.6%) were suitable for data analysis. The characteristics of the
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Table 2. Characteristics of the Pennsylvania tractor cohort.

Percent Tractors
with Non-
Commodity Farmer  Farm No. of Minors Non- No. ROPS
(No. of Age™  Sizel® Live- Tractor  Operating ROPS per per
Farms) (years) (acres) stock”  Hours! Tractors  Total Total Farm®™ Farm"
All 54.66 93.52 147375  723.96 24.66 1716 901 3.83 2.02
(447) +0.66  £10.97 £730.63  £71.58 +0.15 +0.11
Dairy 49.1 - 1065.51  1428.72 44.95 514 202 4.71 1.85
(109) +1.22 193429 £215.78 024  +0.17
Livestock 53.94 - 1885.83  528.89 16.96 350 185 3.12 1.65
(112) +1.2 +1128.31 +69.98 +0.24 +0.17
Cash crop 58.36 127.57 - 512.61 15.15 414 262 4.14 2.62
(100) +1.42  £19.22 192.7 +0.38 +0.29
Fruit 56.32 73.56 - 704.39 18.84 254 126 3.68 1.83
(69) +1.71  £19.73 1249.26 +0.42 0.3
Vegetable 58.26 56.93 - 535.77 24.56 184 126 3.23 221
(57) +1.14  +10.53 +79.9 +0.18  +0.15
(@) Mean * standard error of the mean.
Table 3. Distribution of ROPS in Pennsylvania.
Farms Tractors
ROPS Use Number Percent ROPS Use Number Percent
No ROPS 217 48.55 No ROPS 901 52.51
Some ROPS 117 26.17 ROPS 815 47.49
All ROPS 113 25.28 Total 1716 100
Total 447 100

respondents are listed in table 2. For dairy and livestock farmers, farm size was deter-
mined by the number of animals, not the number of acres, which seemed the most appro-
priate method of classifying farm size for these commodities.

Percentage of Tractors with ROPS

Participating farms had a total of 1716 tractors. A suitable cab or ROPS structure
(as indicated by an engraved ASAE designation) was present on 815 (47.49%) of these
tractors. The majority of the study farms (51.45%) had some, if not all, tractors equipped
with ROPS (table 3). Comparisons between large and small farms in regard to percentage
of ROPS-protected tractors revealed significant differences (p < 0.0001), with large farms
having higher percentages of ROPS protection (56%) than small farms (39%).

Estimated Number of Tractors without ROPS

The most recent number of tractors reported by the USDA-NASS was 147,025
(USDA, 2007). The percentage of tractors found in this study was 52.51%. Multiplying
these two numbers gives an estimate of 77,203 tractors without ROPS in Pennsylvania.

Farmer Age Comparison

Large farms: No significant differences in mean age were seen between farms with no
ROPS (53.8), some ROPS (55.6), and all ROPS (53.8).

Small farms: No significant differences in mean age were seen between farms with no
ROPS (55.9), some ROPS (52.9), and all ROPS (52.5).

Minors Operating Tractors
Large farms: No significant differences were seen in the percentage of farms with mi-
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Figure 2. Prevalence of ROPS relative to commodity in Pennsylvania.

nors operating tractors between the no ROPS, some ROPS, and all ROPS groups. How-
ever, there were higher percentages of minors operating tractors on farms with all ROPS
(24.6%) and some ROPS (30.5%) versus those with no ROPS (19.4%).

Small farms: Significant differences (p = 0.019) were seen in the percentage of farms
with minors operating tractors between the no ROPS, some ROPS, and all ROPS groups.
This was primarily due to the much higher percentage of farms with minors operating trac-
tors in the some ROPS group (33.8%) than either all ROPS (15.2%) or no ROPS (16.7%).

ROPS Use Relative to Commodity

Because there was no farm size by commodity interaction in this ANOVA model, the
commodity results were pooled across both large and small farms. Figure 2 shows the
distribution of non-ROPS, ROPS, and total tractors by commodity. The test of the differ-
ence in the percentage of ROPS-protected tractors between commodity groups was sig-
nificant (p = 0.016). Post-hoc comparisons showed that the only significant pairwise dif-
ference was between crops (39% with ROPS) and dairy (57% with ROPS).

ROPS Use Relative to Farm Size

Large farms: Figure 3 shows the distribution of large farms with some, all, or no
ROPS present on their tractors. Although a majority of the farms had at least some ROPS
(58.5%). There were still 14.9% of the farms that had no ROPS. Although there were no
significant differences between commodity groups in the percentage of farms with no
ROPS, there were some differences in these percentages that were deemed noteworthy.
For example, only 7.7% of dairy farms were observed to have no ROPS versus 23.8% of
farms in the livestock commodity group.

Small farms: Figure 4 shows the distribution of small farms with some, all, or no ROPS
present on their tractors. The percentage of small farms with no ROPS (40.7%) is much
greater than that of large farms (14.9%). For small farms, highly significant differences
were seen between commodity groups in the percentage with no ROPS. The most striking
difference was the low percentage of dairy farms with no ROPS (11.9%) versus the much
higher levels seen for livestock (51.2%), crops (50.0%), and vegetables (55.6%).
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Figure 3. Distribution of ROPS by commodity on large farms in Pennsylvania.
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Figure 4. Distribution of ROPS by commodity on small farms in Pennsylvania.

Stage of Change Relative to Commodity

Figure 5 shows that a majority of the farmers in every commodity group were in the
pre-contemplation stage of change (as described in table 1). There was no significant in-
teraction between farm size and commodity in the ANOVA model for stage of change.
The test of the difference between large and small farms had no significant difference in
this outcome when compared across commodity groups.
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Figure 5. Distribution of Pennsylvania farmers by stage of change.

Vermont Results

A total of 1741 randomly selected Vermont farmers were contacted by telephone. Of
these, 669 (38.4%) agreed to participate in the study by answering the questionnaire.
However, of the 669 who participated, 128 did not provide complete information (some
values were missing) or did not have a primary farming commodity that fell within the
five group that were eligible for the study. As a result, only 541 (31.1%) surveys were
suitable for data analysis. The characteristics of the respondents are listed in table 4. For
dairy and livestock farmers, farm size was determined by the number of animals, not the
number of acres, which seemed the most appropriate method of classifying farm size for
these commodities.

Percentage of Tractors with ROPS

Participating farms had a total of 1504 tractors. A suitable cab or ROPS structure
(as indicated by an engraved ASAE designation) was present on 632 (42.02%) of these
tractors. The majority of the study farms (82.07%) had some, if not all, tractors equipped
with ROPS (table 5). Comparisons between large and small farms in regard to percentage
of ROPS-protected tractors revealed no significant differences, with large farms having
ROPS protection on 64% of tractors and small farms having ROPS protection on 63%.

Estimated Number of Tractors without ROPS

The most recent number of tractors reported by the USDA-NASS was 15,047 (USDA,
2007). The percentage of tractors found in this study was 57.98%. Multiplying these two
numbers gives an estimate of 8,724 tractors without ROPS in Vermont.

Farmer Age Comparison
Large farms: There was a significant (p = 0.06) effect for ROPS protection as related
to age. This was primarily driven by the mean age of farmers with all ROPS (54.8) being
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Table 4. Characteristics of the Vermont tractor cohort.

Percentage Tractors
with Non-
Commodity Farmer Farm No. of Minors Non- No. ROPS
(No. of Age™  Sizel® Live- Tractor  Operating ROPS per per
Farms) (years) (acres) stock!”  Hours™  Tractors  Total Total Farm®™ Farm"
All 57.19  93.52 85.09 611 8.96 1504 632 2.8 1.17
(541 +0.56  £10.97 7.1 +67.38 10.1 10.07
Dairy 55.88 - 124.05  1021.49 16.96 477 185 4.26 1.65
(112) +1.19 1743 1+209.54 0.2 10.18
Livestock 57.62 - 50.77 459.26 4.72 303 144 2.35 1.12
(129) +1.14 +11.03 +79.91 +0.18 +0.15
Cash crop 59.57 16541 - 723.71 9.38 183 81 2.86 1.27
(64) +1.55 +22.2 +310.06 +0.22 +0.18
Fruit 58.52  49.78 - 391.86 6.02 198 84 2.39 1.01
(83) +1.37 4822 +87.83 +0.31 10.18
Vegetable 53.11 48.69 - 555.21 5.45 161 75 2.88 1.34
(56) +1.71  #£11.53 +148.48 +0.31 10.22
Maple 57.68 165.95 - 479.92 9.47 182 63 1.88 0.65
97) +1.39  £19.73 +75.82 +0.16 +0.14

(@) Mean + standard error of the mean

Table 5. Distribution of ROPS in Vermont.

Farms Tractors
ROPS Use Number Percent ROPS Use Number Percent
No ROPS 97 17.93 No ROPS 872 57.98
Some ROPS 195 36.04 ROPS 632 42.02
All ROPS 249 46.03 Total 1504 100
Total 541 100

approximately five years less than the mean age of farmers with no ROPS (59.9). The
mean age of farmers with some ROPS (57.9) fell in between these two values.

Small farms: No significant differences in mean age were seen between farms with no
ROPS, some ROPS, and all ROPS

Minors Operating Tractors

Large farms: Significant differences (p = 0.085) in the percentage of farms with mi-
nors operating tractors between the no ROPS, some ROPS, and all ROPS groups were
seen. The highest percentage of minors operating tractors was on the farms with some
ROPS (15.5%). The no ROPS group had the lowest percentage of minors operating trac-
tors (2.9%). The all ROPS group (9.6%) fell in between these two values.

Small farms: No significant differences were seen in the percentage of farms with mi-
nors operating tractors in the no ROPS (6.9%), some ROPS (7.4%), and all ROPS (6.1%)
groups.

ROPS Use Relative to Commodity

Because there was no farm size by commodity interaction in this ANOVA model, the
commodity results were pooled across both large and small farms. Figure 6 shows the
distribution of non-ROPS, ROPS, and total tractors by commodity. The test of the differ-
ence in the percentage of ROPS-protected tractors between commodity groups was sig-
nificant (p = 0.027). Despite this significant overall test, there were no significant post-
hoc pairwise comparisons.
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Figure 6. Prevalence of ROPS relative to commodity in Vermont.

ROPS Use Relative to Farm Size

Large farms: Figure 7 shows the distribution of large farms with some ROPS, all
ROPS, or no ROPS present on their tractors. Although a majority of the farms had some
ROPS (45.2%) or all ROPS (41.9%), there were still 12.9% of the farms that had no
ROPS. Highly significant differences (p < 0.0001) were found between commodity
groups in percentage of farms with no ROPS, some ROPS, and all ROPS. Among the
commodities with a low percentage of farms with no ROPS were dairy (0) and maple
(4.3). At the higher end were vegetable (24.1) and crops (22.6).

Small farms: Figure 8 shows the distribution of small farms with some ROPS, all
ROPS, or no ROPS present on their tractors. The percentage of small farms with no
ROPS (23%) is much greater than for large farms (12.8%). No significant differences
were found between commodity groups in the percentage of farms with no ROPS, some
ROPS, and all ROPS. However, a higher percentage of farms with no ROPS were report-
ed for fruit (30%) and vegetable (29%) farms versus dairy (18.2%) and crops (18.8%).

Stage of Change Relative to Commodity

Figure 9 shows that a majority of the farmers in every commodity group were in the
pre-contemplation stage of change (as described in table 3). There were no significant
main or interaction effects in this ANOVA model.
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Figure 7. Distribution of ROPS farms by commodity on large farms in Vermont.
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Figure 8. Distribution of ROPS farms by commodity on small farms in Vermont.
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Figure 9. Distribution of Vermont farmers by stage of change.

Discussion

Two of the goals of this study were defining the number and distribution of unprotect-
ed tractors in Pennsylvania and Vermont and defining characteristics associated with this.
Some of this information is available in previous publications from NIOSH and other
sources (cited below) or in the USDA Census of Agriculture (USDA, 2007). However,
our data provide new and unique information on the prevalence of ROPS-equipped trac-
tors relative to commodity, farm size, and a variety of other demographic variables. Ex-
trapolating from these data, the commodities studied account for roughly 162,072 tractors
across the two states. Of these, 85,927 (53%) do not have ROPS. Of these unprotected
tractors, 77,203 are in Pennsylvania and 8,724 are in Vermont. This percentage of unpro-
tected tractors is very similar to what was also found in the state of New York. The ab-
sence of ROPS was more notable on smaller farms, farms owned by older farmers, and
farms with fewer overall hours of tractor operation (which correlated closely with size).
This is similar to the findings of Loringer and Myers (2008). The presence of at least one
child operator on a farm did not seem to influence the likelihood of having ROPS protec-
tion.

The tractor figures cited above are estimates. However, it is more likely that our calcu-
lations represent an underestimation of both total tractors and total unprotected tractors.
The commodities studied in this survey do not account for all farms in each state. The
remaining farms likely represent a heterogeneous group of generally smaller farms. It is
impossible to speculate about these with any hint of accuracy, other than to acknowledge
that there are more protected and unprotected tractors in Pennsylvania and Vermont than
has been calculated. In light of this, 90,000 unprotected tractors appear to be a conserva-
tive estimate for both states.

Our figures appear to be generally consistent with data gathered in New York State.
The calculated frequency of unprotected tractors on New York farms has declined some-
what from the rates noted a decade or more ago. A decline in unprotected tractors (no
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ROPS) was also found by Hard and Meyers (2011). Data from NYCAMH/Cornell Uni-
versity tracking of New York farm fatalities from 1985 to 1989 showed that 52 (55%) of
fatalities were related to farm tractors (May et al., 2006). Of these tractor fatalities, 27
(52%) were due to tractor overturns. In response to these findings, investigators under-
took a series of studies in the 1990s to better define the problem. Three of these studies
involved physical inspections of tractors. Initially, a systematic on-farm inspection of all
(605) tractors on 136 randomly selected dairy farms across New York State was per-
formed. This survey, which was linked with a concurrent one-on-one training session
with each farmer, found appropriate ROPS on 33% of the tractors inspected (Hill et al.,
1992). In subsequent work, all tractors offered at a series of farm auctions across the
state, a total of 233 tractors, were systematically evaluated against published ASABE
Standards. Findings included the presence of ROPS on 32% of tractors inspected (West
and May, 1998). The most recent and most extensive study of tractors in New York was
in the NIOSH-sponsored New York Farm Family Health and Hazard Survey (FFHHS),
which concluded data gathering in the mid-1990s (Hallman et al., 1997). In that study, a
research team from the New York State Department of Health, Cornell University, and
NYCAMH linked extensive health, safety, and attitudinal data collected by telephone
interviews with actual on-farm hazard surveys and health screening data. Systematic in-
spections of the mechanical equipment were done by the Cornell team on a cohort of
580 farms that were selected to reflect the size and commodity distribution of all New
York farms. The FFHHS project described a fleet of 2,513 tractors with significant safety
defects. This included ROPS being absent on 61.4% tractors and seatbelts absent on 28%
of the tractors that had ROPS. Some improvement in the rate of ROPS use is suggested
by these data, with rates of 33% ROPS in the early 1990s rising to 48% of tractors having
ROPS in the most recent data.

Our other two research questions dealt with the farmers’ stage of change and possible
ways to segment this population. The stage of change portion of our work demonstrates
that most Pennsylvania and Vermont farmers are not contemplating ROPS retrofitting in
the near future. Stage of change appeared to be fairly evenly distributed across most of
the commodities and nearly all other farm characteristics. The lack of statistical differ-
ence in stage of change noted in figures 5 and 9 mainly reflects the fact that no commodi-
ty group is notably more or less progressed on the change continuum than other commod-
ities. The stage of change data suggest that a majority of the farmers from all of the
commodity groups are aware of the necessity of ROPS; however, they are not thinking
about retrofitting, hence the need for social marketing and possibly other incentives.

Since no major differences were found in the stage of change, the number of unpro-
tected tractors was examined for each of the commodity groups. In Pennsylvania, 29% of
all unprotected tractors were found on cash crop farms. This trend was even more appar-
ent on smaller farms than on large farms. This led to the selection of smaller cash crop
farms as the target audience for the social marketing messages. In contrast, researchers in
Vermont found a bimodal split in the distribution of unprotected tractors. Of all the com-
modity groups surveyed in Vermont, vegetable and cash crop farmers were least likely to
have even one protected tractor to use on the farm. Fruit farmers also had increased expo-
sures to unprotected tractors, but because of the significant barrier fruit farmers have to
using roll bars (i.e., the need to drive under low-hanging tree branches, which can dam-
age the tree), the decision was made to focus on vegetable and hay farmers for interven-
tion.
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Limitations

There are several sources of potential error in this study. All surveyed farms were ran-
domly selected, and the usable response rate (27.6% in Pennsylvania and 31.1% in Ver-
mont) may not be high enough to suggest that the results are representative of all farms.
To the extent that these lists are not representative of the farms in each commodity group,
these data may be biased. The survey was telephone-based, and farmers’ responses were
not validated by visual inspection. Farmers could have misrepresented their tractor fleet,
although this seems unlikely. Somewhat more problematic is ensuring that the cabs and
non-cab structures on these tractors actually meet ASABE Standards and thus should be
counted as ROPS. On occasion, farmers indicated some uncertainty about this.

Some assumptions were made in the design of this research. The decision to define
farmer age and farm size relative to commodity medians reflects an inability to determine
generally accepted criteria regarding when a farm is “large” or when a farmer is “old.”
Evaluation of our findings would be easier for readers if there were generally accepted
criteria to which we could refer for these comparisons. A decision was made to exclude
from the stage of change analyses any farms that had all tractors protected with ROPS,
unless at least one of these tractors had been ROPS retrofitted by the farmer. This resulted
in farms being excluded. These farmers were excluded because we believed them to be
outside of the stage of change spectrum. It is possible that some of those excluded may
have actually bought a tractor specifically to obtain ROPS protection and thus should
have been included in the stage of change analyses. Based on our interactions with farm-
ers, we believe that this would represent a very small fraction of the farmers excluded.

Conclusions

Probably the most encouraging finding from this study is that over 85% of Pennsylva-
nia farms and over 87% of Vermont farms surveyed had at least one tractor available that
had ROPS protection. Of those farms, 25.5% of the Pennsylvania farms and 46% Ver-
mont farms have ROPS on all of their tractors. Both of these findings were greater than
the findings from a 2006 survey of New York State farms, which found that 75% have
ROPS on at least one tractor, and 18% have ROPS on all tractors.

Even with this encouraging fact, the goal of 100% of tractors with ROPS is far from
being met. There are still an estimated 90,000 unprotected tractors on Pennsylvania and
Vermont farms, and these farm owners are unmotivated to install ROPS. However, as
demonstrated in New York State, it may be possible to use social marketing that com-
bines persuasive messages and cost-sharing to persuade these farmers that ROPS are in-
deed important and accessible.

Many of the processes and procedures, like the modification of the stages of change
model, used in this and previous studies will be valuable to future research and applica-
tions of social marketing in ROPS retrofitting and other agricultural safety and health
interventions.
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