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Abstract

The agriculture, forestry, and fishing (AgFF) industry sector has had the highest rate of work-

related deaths over the past several years. Tractors are the single largest source of occupational 

fatalities in this industry sector, and tractor rollovers are the largest category of tractor fatalities. 

The risk of death due to tractor rollovers has been found to be reduced considerably when rollover 

protective structures (ROPS) are used in conjunction with seatbelts. Increasing the number of 

tractors with ROPS and seatbelts is one way in which tractor rollover fatalities can be mitigated. 

The NIOSH cost-effective rollover protective structure (CROPS) project was designed as a 

demonstration project to determine if CROPS, a type of ROPS, could be retrofitted in the field and 

were acceptable to farmers. To this end, the CROPS project was successful, with 50 tractors being 
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retrofitted with CROPS in the field. All study participants were asked to complete a pretest, test, 

and posttest regarding the CROPS retrofit demonstration and their knowledge and attitudes toward 

ROPS. CROPS demonstrators were the participants who retrofitted their tractors with CROPS. 

Demonstrators were asked to recruit three to five other participants, known as observers, to watch 

the demonstration. The rationale was to generate interest in ROPS/CROPS among other farmers 

and community leaders. Overall, 16% of the participants had youth operating tractors on their 

farms. Participants reported that 44 youth operated tractors on their farms, more than 25% of these 

young tractor operators were 4 to 10 years old, and half of the youth operating tractors on 

participant farms were 13 years old or younger. Only one participant group (demonstrators) 

included individuals who had all of their tractors protected with ROPS/CROPS for young tractor 

operators (28%), but they accounted for only one farm each among the New York and Virginia 

demonstrators. The survey question on ROPS importance did not show an overall increase after 

respondents participated in the CROPS demonstration project. However, one Virginia observer 

asked to become a Virginia demonstrator and installed a CROPS on his tractor. Additionally, the 

questions on attitude toward ROPS showed a general increase in mean scores, with the some of the 

lowest response categories on the follow-up survey not being selected by respondents, indicating a 

potentially positive impact on participants' safety attitudes toward ROPS. For the safety attitude 

questions, the majority remained the same. This study indicates there is still much work to be done 

to reduce the number of deaths in production agriculture due to tractor rollovers. CROPS could be 

a valuable addition to the efforts of retrofitting ROPS on tractors in order to reduce the number of 

deaths due to tractor rollovers.
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The U.S. agriculture industry continues to have a high rate of occupational fatalities. While 

the overall rate of work-related fatalities has been showing a small general decline over the 

past decade, the agriculture, forestry, and fishing (AgFF) industry sector has had the highest 

rate of work-related deaths over the past several years (Hard et al., 2015). Additionally, the 

AgFF sector has been ranked third in the total number of work-related deaths for many 

years. Production agriculture, an agriculture subsector, is most closely affiliated with the 

occupation of farming. As an occupation, farming is considered high risk, with a fatality rate 

of 23.9 per 100,000 workers and 232 deaths in 2013 (BLS, 2015).

Tractors are the single largest source of fatalities in this industry sector and in the farming 

occupation. Tractor fatalities can be due to rollovers, runovers, and entanglements, but 

tractor rollovers are the largest category of tractor fatalities (NIOSH, 2004, 2014b). Tractor 

deaths have been found to be reduced considerably when rollover protective structures 

(ROPS) are used in conjunction with seatbelts (MMWR, 1993; Pana-Cryan and Myers, 

2000). Tractor manufacturers adopted a voluntary standard developed and approved by 

ASAE in 1985 (S318: Safety for agricultural field equipment), which required practically all 

new tractors sold in the U.S. to be equipped with ROPS and seatbelts as standard equipment 

(ASABE, 2009). However, this left a large number of tractors still in use that were not 
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equipped with ROPS or were never designed for ROPS. Generally, tractors manufactured 

prior to the mid-1960s were not engineered or designed for ROPS (Cole and Westneat, 

2012).

The concern regarding these pre-ROPS tractors is that, since they were not designed or 

engineered for ROPS, the axle housings (where two-post ROPS are generally attached) 

might not be strong enough to absorb the impact or withstand the loads that could be applied 

in a tractor rollover event. However, limited research has shown that the tractor housings of 

several of these models were strong enough to support a ROPS and withstand an overturn 

(Li and Ayers, 1997; Ayers, 1997; Wen et al., 1994). Additionally, the rear axle housings of 

some of these pre-ROPS tractors were not square, making a compression attachment of the 

ROPS to the axle difficult. Some promising work has been done in this area indicating that 

engineering plastics could be a potential solution, but additional research is needed (Comer 

et al., 2007). The Ford 8N and Massey Ferguson 135 both have round axle housings; 

however, where the rear fenders mount, there is a flat surface flange on both the top and 

bottom, which is part of the axle casting. It was at this location that the cost-effective 

rollover protective structure (CROPS) brackets were mounted. NIOSH tested the CROPS on 

four tractor models (Ford 8N, Massey Ferguson 135, Ford 3000, and Ford 4000) in 

accordance with testing criteria outlined in SAE J2194 and did not record a failure of the 

axle housings. The test results are available at: http://www.cdc.gov/niosh/top-ics/aginjury/

crops/.

Recent data indicate that about 59% of the tractors on U.S. farms have ROPS (NIOSH, 

2014b). Previous international work on reducing tractor fatalities due to rollovers has shown 

that a significant reduction in these deaths does not occur until 75% to 80% of the 

population of tractors have ROPS (Springfeldt, 1996; NIOSH, 2004; Thelin, 1998; Hard and 

Myers, 2011). Therefore, it is paramount to increase the number of tractors that have ROPS, 

either through replacement with newer ROPS-equipped tractors or by retrofitting older 

tractors with ROPS, in order to achieve a reduction in tractor rollover fatalities.

Methods

The NIOSH CROPS project was designed as a demonstration. Rogers (1995) noted that 

“potential adopters of a new idea are aided in evaluating an innovation if they are able to 

observe it in use under conditions similar to their own.” Demonstration projects, in the 

simplest terms, typically seek to determine if something is feasible or to demonstrate that it 

can be done. NIOSH researchers wanted to determine if the CROPS retrofit models designed 

by NIOSH personnel could be retrofitted on various tractors in the field and if they were 

acceptable to the farmers (CROPS demonstrators) who retrofitted them. The NIOSH 

researchers also wanted to know if farmers could successfully retrofit the CROPS design on 

their farms.

The principal investigator collaborated with researchers from the New York Center for 

Agricultural Medicine and Health (NYCAMH) and used questions from previous studies 

developed by NYCAMH for assessing readiness to change and pre-intervention surveys 

Hard et al. Page 3

J Agric Saf Health. Author manuscript; available in PMC 2016 November 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cdc.gov/niosh/top-ics/aginjury/crops/
http://www.cdc.gov/niosh/top-ics/aginjury/crops/


(May, 2006; Sorenson, 2006). The survey questions were used for assessing attitudes and 

knowledge of ROPS in the current study.

Collaborator organizations were recruited in two states (New York and Virginia) that had an 

on-going ROPS retrofit program. These organizations were the New York Center for 

Agricultural Medicine and Health and the Virginia Farm Bureau safety office. 

Demonstrators for the study were recruited by these state collaborators, and the 

demonstrators recruited observers for their individual farm; observers were often neighbors, 

relatives, or friends. In return for the demonstrator's participation, NIOSH provided a 

CROPS (all mounting hardware and a new seatbelt) to the demonstrator free of charge (an 

estimated $700 retail value) and printed installation instructions. In addition, NIOSH 

personnel were on-site to assist with the installation and provide tools if needed. Tools were 

available from a work trailer outfitted with hand and power tools, a generator, and an oxy-

acetylene torch. Due to the importance of the tractor operator's seat for proper seatbelt 

anchorage and operation, many installations also received a new tractor seat, provided by 

NIOSH. Additional information on the NIOSH CROPS project may be found in Hard et al. 

(2015).

The CROPS demonstration consisted of the demonstrator preparing his tractor for the 

CROPS retrofit (removing tractor fenders, front-end loaders, or any attached or towed 

equipment) and then retrofitting the CROPS. Demonstrators and observers were asked 

questions via a written survey before the CROPS demonstration began, immediately after 

the CROPS demonstration, and then about one year after the last demonstration was 

conducted in their respective state. The demonstrator and observer pretest and posttest scores 

in each state were compared on selected variables. Univariate and descriptive statistics were 

used to obtain the results reported. SPSS Statistics 21.0 was used for data analyses (SPSS, 

2012).

Pretests were mailed to demonstrators prior to the CROPS retrofit, while the observer 

pretests were completed at the time of the demonstration. Demonstrators completed their 

pretest prior to the actual demonstration date, while observers completed their pretest at the 

demonstration site while the demonstrator was preparing the tractor for the retrofit. Tests 

were completed at the end of the CROPS demonstration by both groups. Posttests were 

mailed to both the demonstrators and observers in each state at the same time, approximately 

one year after the date of the last demonstration, following a modified Dillman mail survey 

protocol (Dillman, 2000). The modified Dillman survey protocol consisted of the following 

steps. Participants were first sent a cover letter indicating that they would soon be receiving 

a survey packet in the mail with an enclosed prepaid return mailer. Three to five days after 

mailing that initial notification, the survey was mailed. If a response was not received by 

seven to ten days after the survey mailing (i.e., two weeks since initial contact), a reminder 

letter was mailed. If a response was not received after an additional seven to ten days (three 

weeks since initial contact), another survey with a cover letter appeal to complete and return 

the survey was mailed. If a response was not received after another seven to ten days (four 

weeks since initial contact), a reminder letter was sent. Two weeks later (six weeks total), a 

final mailing was sent with another packet consisting of a survey and cover letter appealing 

to participants to complete the survey and indicating that this would be the final contact.
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The survey consisted of questions on why the demonstrators had not retrofitted their tractors 

up to the point of participation in the study, the importance of retrofitting tractors, Likert-

type questions regarding retrofitting a tractor, safety attitudes in selected areas, the number 

of tractors they own and use, whether their tractors had ROPS installed, whether youth 18 

years old or younger operated tractors on their farm, days of work off-farm, demographic 

information (age and gender of respondent), type of farm, gross farm sales (in nine 

categories to enhance response rates), total farm income or percent of farm income to total 

family income, and total household income. Observers were asked the same questions with 

the exception of specifics on the retrofitted tractor.

Results

The protocol of the program, the number of participants (n = 131), and descriptive statistics 

along with comparisons of selected demographics to each group's state and national data in 

the 2007 Census of Agriculture were reported previously (Hard et al., 2015). Response rates 

for the surveys were 84% for demonstrators and 67% for observers in New York and 96% 

for demonstrators and 83% for observers in Virginia. This resulted in an overall response 

rate of 92% for demonstrators and 74% for observers.

Youth Operating Tractors

A question on the pretest and posttest for both demonstrators and observers was “Do you 

have children (18 or under) on the farm operating a tractor?” The number of participants 

indicating youth driving tractors on their farms was fairly small (8% to 20%), depending on 

the participant group, with an overall response of 16%. If the answer was “yes,” a follow-up 

question of “What age(s)?” was available for the respondent to complete. The age range 

reported by participants for young tractor operators was 4 to 18 years old, and the 

participants reported that 44 youth operated tractors on their farms (table 1).

In New York, farms that had youth 18 years old or younger operating tractors were crop, 

crop and livestock, dairy, or “other” farms (horse and gentleman farms). New York 

demonstrator farms with youth operating tractors ranged in size from 103 to 150 acres and 

had gross farm sales of $10,000 to $24,999. The New York observer farms ranged in size 

from 27 to 450 acres with a mean of 140 acres, median of 100 acres, and mode of 170 acres. 

These farms had gross farm sales of <$2,500 to $300,000-$499,999. Virginia demonstrator 

farms that had youth 18 years old or younger operating tractors were either crop farms or 

crop and livestock farms. The Virginia demonstrator farms ranged from 110 to 400 acres in 

size and had gross farm sales of $5,000-9,999 to $50,000-$99,999. The Virginia observer 

farms were crop and livestock farms and ranged in size from 140 to 800 acres with a mean 

of 435 acres and a mode and median of 400 acres. Virginia observer farms that had youth 18 

years old or younger operating tractors had gross farm sales of $2,500-$4,999 to $50,000-

$99,999.

Farmers who indicated more than one youth operating a tractor on their farm were New York 

demonstrators (one), New York observers (four), Virginia demonstrators (two), and Virginia 

observers (four). Of the farms that had multiple youth operating tractors, two youth were the 

maximum reported.
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Tractors with ROPS

Demonstrators and observers were asked “How many other tractors do you own/use?” and 

whether or not the tractors were protected with ROPS (table 2). The New York 

demonstrators answered the question 24 out of 25 times (96%) with a range of zero to ten 

additional tractors used on their farms. Four New York demonstrators indicated no additional 

tractors, eight had one additional tractor, five had two tractors, five had three tractors, one 

had six tractors, and one had ten tractors, for a total of 49 tractors. Including the 25 tractors 

used in the CROPS demonstrations, there was a total of 74 tractors. Eighteen (24%) of these 

tractors were protected with ROPS prior to the CROPS demonstration, and 42 (57%) were 

protected after the CROPS demonstration. The highest number of tractors protected with 

ROPS on any New York demonstrator farm was three, but after the CROPS demonstration 

nine New York demonstrators (38%) had all their tractors protected with ROPS, with four of 

these nine demonstrators having only the single demonstration tractor retrofitted with a 

CROPS.

Virginia demonstrators answered the question 24 out of 25 times (96%) with a range of zero 

to six additional tractors. One Virginia demonstrator indicated no additional tractors, seven 

had one additional tractor, eight had two tractors, two had four tractors, four had five 

tractors, and two had six tractors, for a total of 63 tractors. Including the 25 tractors used in 

the CROPS demonstrations, there was a total of 88 tractors. Thirty-one (35%) of these 

tractors were protected with ROPS prior to the CROPS demonstration, and 56 (64%) were 

protected with ROPS afterward. The highest number of tractors protected with ROPS on an 

individual Virginia demonstrator farm was four, with a total of seven farms (29%) after the 

CROPS demonstration having all tractors protected with ROPS (one had only the 

demonstration tractor retrofitted with a CROPS, three listed one additional ROPS-equipped 

tractor, and three listed two additional tractors that were protected with ROPS).

New York observers answered the tractor question 91% of the time (41 out of 45 

respondents), with a range of 0 to 15 additional tractors (twelve had no tractors, eleven had 

one tractor, six had two tractors, three had three tractors, six had four tractors, one had six 

tractors, one had eleven tractors, and one had fifteen tractors) for a total of 88 tractors (table 

2). Twenty-four (18%) of these tractors were protected with ROPS prior to the CROPS 

demonstration, and this remained the same after the CROPS demonstration. The highest 

number of tractors protected with ROPS on any New York observer farm was ten, with six 

farms (18%) having all tractors protected with ROPS (five had one tractor and one had four 

tractors that were all protected with ROPS).

For Virginia observers, 34 of 36 (94%) provided responses to the tractor question, with a 

range of zero to six additional tractors on their farms (two had no tractors, four had one 

tractor, nine had two tractors, nine had three tractors, three had four tractors, four had five 

tractors, and three had six tractors) for a total of 99 tractors. Fifty-three (53%) of these 

tractors were protected with ROPS prior to the CROPS demonstration, and 54 (54%) were 

protected with ROPS afterward. The highest number of tractors protected with ROPS on a 

single Virginia observer farm was six, with ten farms (36%) having all their tractors 

protected with ROPS (three had one additional tractor with ROPS, four had two tractors with 

ROPS, two had three tractors with ROPS, and one had five tractors with ROPS).
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Youth Operating Tractors with ROPS

Table 2 provides tractor and ROPS usage by CROPS study participants. Three New York 

demonstrators indicated that youth 18 years old or younger operated tractors on their farms. 

All three had an additional one to two tractors on their farm. Only one farm (33%) indicated 

that all the tractors that youth potentially operated were protected with ROPS. Nine New 

York observers reported that youth 18 years old or younger operated tractors on their farms, 

and they had 0 to 15 additional tractors (on the farm with 15 additional tractors, ten had 

ROPS). One farm did not complete the additional tractor question, one farm had no 

additional tractors, one farm had two additional tractors, two farms had three additional 

tractors, three farms had four additional tractors, and one farm had 15 (this largest number of 

tractors was on a dairy farm with gross farm sales of $300,000 to $499,000). None of the 

New York observer farms that reported youth operating tractors had all of their tractors 

equipped with ROPS. Four Virginia demonstrators reported youth operating tractors. They 

indicated two (three farms) to five (one farm) additional tractors, with a range of two to four 

tractors having ROPS. One Virginia demonstrator (25%) reported that all tractors operated 

by youth had ROPS. Four Virginia observers reported that youth 18 years old or younger 

operated tractors on their farms. They had three to six additional tractors. All of these farms 

had at least one tractor without an approved ROPS, potentially exposing a young tractor 

operator to injury if a rollover occurred with the unprotected tractor.

Economic Variables

Of the 131 participants, 90 (69%) answered the question about gross farm sales within nine 

categories (table 3). Categories were used to increase response rates, with finer detail at the 

lower range of sales and a larger grouping at the top range of sales.

Participants were asked for their total gross family income or the percentage of the total 

gross family income that is farm income. These were not mutually exclusive categories, and 

not every participant who answered the gross farm sales question also answered the family 

income question. Thus, each question was analyzed separately, with 30% of the participants 

providing a response for the gross family income question. The range of gross family 

income across all participants was $0 to $150,000 but varied across participant types 

(demonstrator and observer) and by state (table 3). This question had the lowest response 

rate of the economic questions.

The percentage of family income that was farm income had usable responses 40% of the 

time. The percentage of family income that came from the farm ranged from 0% to 100%. 

New York demonstrators had gross farm sales of <$10,000 65% of the time, and New York 

observers had gross farm sales of <$10,000 in 50% of the cases. Virginia demonstrators had 

gross farm income of <$10,000 in 54% of the cases, and 44% of Virginia observers 

indicated <$10,000 in gross farm sales.

Economic Variables and Youth

Four (44%) of the New York observers who listed <$10,000 of gross farm sales had youth 

18 years old or younger operating tractors on their farms. The range of gross farm sales for 

New York participants with youth operating tractor on their farms was <$2,500 to $300,000-
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$499,999. One (25%) Virginia demonstrator had youth 18 years old or younger operating 

tractors on a farm with <$10,000 in gross sales, and one (25%) Virginia observer had youth 

18 years or younger operating tractors on a farm with <$10,000 in gross sales. The range of 

gross farm sales for the Virginia participants with youth operating tractors on their farms 

was $2,500-$4,999 to $50,000-$99,999.

Days Work Off-Farm

Days of work off-farm are listed in table 4 along with variables that could be associated with 

work off-farm (age, farm size, gross farm sales, gross family income, and percentage of 

family income that is farm income). The younger New York demonstrators worked more off-

farm (70% worked off-farm, and 40% worked >200 days off-farm) than the older 

participants; however, two 63-year-olds and one 69-year-old worked >200 days off-farm. 

The mean ages of New York demonstrators by category for working off-farm was “none” 

(72 years), “any” (63 years), and “>200 days” (50 years). New York observers followed a 

similar trend but had younger mean ages by category for working off-farm: “none” (60 

years), “any” (46 years), and “>200 days” (42 years).

Virginia demonstrators worked off-farm 58% of the time, with 42% indicating no off-farm 

work. The mean ages of Virginia demonstrators by category for working off-farm was 

“none” (74 years), “any” (55 years), and “>200 days” (58 years). Virginia observers worked 

off-farm 55% of the time, with 45% indicating no off-farm work. The mean ages of Virginia 

observers by category for working off-farm was “none” (57 years), “any” (54 years), and 

“>200 days” (44 years).

ROPS and Safety Attitudes

ROPS Importance—The question “How important do you believe it is to have rollover 

protection on your tractor(s)” was asked on the pretest and posttest with four responses 

allowed: “not at all important” (coded as 4), “not very important” (coded as 3), “important” 

(coded as 2), and “very important” (coded as 1). The participants' initial scores were 

compared to their final scores, with a decrease in score indicating an increase in importance.

In New York, the majority (31) remained the same, with four demonstrators decreasing by 

one point and two increasing by one point. Six New York observers increased their scores by 

one point, while three decreased their ROPS importance scores by one point. In Virginia, the 

majority (36) likewise remained the same, with two demonstrators increasing their scores by 

one point while three decreased by one point. Eight observers decreased their scores by one 

point, while three increased their scores by one point.

ROPS Attitude—Five questions were asked of the participants regarding their attitudes 

toward ROPS with a Likert-type 10-point response scale. The numbers 1 through 10 allowed 

the respondents to select any of those points along the scale. The questions were: “Installing 

a rollover protective structure on at least one of my unprotected tractors is: (Q1) “bad farm 

practice” [1] to “good farm practice” [10], (Q2) “not cost effective” [1] to “very cost 

effective” [10], (Q3) “inconvenient” [1] to “convenient” [10], (Q4) “unnecessary” [1] to 

“necessary” [10], and (Q5) “irresponsible” [1] to “responsible” [10]. The New York 
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demonstrators had fewer lower responses to all five questions from the pretest to the posttest, 

with mean scores increasing for all five questions, while the New York observers indicated a 

decrease in the number of lower responses in one of the five questions, with mean scores 

increasing or remaining the same for three of the five questions. The Virginia demonstrators 

had fewer low responses for four of the five questions, and mean scores increased for three 

of the five questions. The Virginia observers had fewer low responses for two of the five 

questions, and mean scores increased for three of the five questions.

Safety Attitude—Five questions with four response levels (strongly disagree [1], disagree 

[2], agree [3], and strongly agree [4]) were asked of the participants (demonstrators and 

observers) before and one year after the CROPS demonstration. The questions were: (Q1) 

“It is less likely that anyone on my farm would be killed or hurt in a tractor rollover when 

compared to other farms,” (Q2) “Most people who are important to me think that I should 

retrofit at least one of my unprotected tractors,” (Q3) “It is expected of me that I retrofit at 

least one of my unprotected tractors,” (Q4) “I feel pressured to retrofit at least one of my 

unprotected tractors,” and (Q5) “If I have a ROPS/CROPS on my tractor, I will wear my 

seatbelt whenever I am on the tractor.” Each question is analyzed separately in table 5. In 

general, the majority of the responses were unchanged, with Virginia participants being 

more likely than New York participants to decrease their score, which indicates a less 

favorable opinion on a particular question. Nine of the 20 subgroups in table 5 show a 

decline in mean score.

Knowledge of Tractor Deaths

Observers were asked the question “Are you aware that tractors account for the largest single 

identifiable source of occupational deaths in farming?” with a dichotomous “yes” or “no” 

answer. It was believed that the demonstrators, because they had already volunteered to 

retrofit their tractors with CROPS, were already at a higher level of understanding of the risk 

and danger of not having ROPS protection. Almost three-quarters of the observers (72%) 

knew that tractors were the leading cause of occupational deaths in farming; conversely, 

28% were not aware of this fact.

Follow-up Responses on Issues with CROPS

Demonstrators were provided the opportunity to respond to whether they had any problems 

with the CROPS (dichotomous “yes” or “no”) and an open-field question for clarification if 

they answered in the affirmative. Twelve demonstrators indicated that they had problems 

with the CROPS; six of these were getting used to the height of the CROPS, five noted the 

stabilizer bar hitting the CROPS mounting bracket at full lift, two were tire clearance issues 

(moving the fenders out caused tires or tire chains to rub the fenders), and two wanted to be 

able to mount a canopy for sun protection. One farmer did not leave the CROPS on his Ford 

8N tractor. He had an issue with the stabilizer bar hitting the lower CROPS bracket in the 

full lift position. It was suggested to him that a J-type stabilizer bar could potentially solve 

the problem, but it is unknown if this was actually tried. This demonstrator did not complete 

the follow-up survey, but the observers who attended the demonstration at his farm reported 

the end result. The other demonstrators who noted an issue with the stabilizer bars (arms) 

hitting the CROPS mounting bracket either did not use the stabilizer bars (two) or modified 
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the bracket or stabilizer bars, which is not recommended. The stabilizer bar issues were 

noted on Ford 8N (one), MF 135 (three), and Ford 3000 (one) tractors.

Demonstrators and observers were asked if they would be interested in retrofitting their 

tractor or another tractor with ROPS/CROPS in the future (“yes,” “no,” “maybe,” and an 

open-field response). In New York, 19 demonstrators and 19 observers indicated that they 

would be interested in doing so in the future. In Virginia, 24 demonstrators and 26 observers 

indicated that they would be interested in retrofitting another tractor with ROPS or CROPS 

in the future. Of the 12 who responded “no,” four indicated that they no longer had tractors 

(and were at an age they could retire), two indicated that any future tractors they purchase 

would have ROPS, two indicated that all their tractors currently had ROPS, one indicated 

that all his tractors had ROPS except one, which was used in a barn and clearance issues 

prevented installing a ROPS or CROPS, one replied that all his tractors were collector 

tractors and were not used in the field anymore, and one stated that the cost of the ROPS 

plus the limited hours of tractor use did not justify obtaining a ROPS for his tractor. One 

observer responded “no” but did not provide any additional information.

Discussion

Since 1996, NIOSH has conducted the National Childhood Agricultural Injury Prevention 

(NCAIP) program, which seeks to reduce the number of childhood agricultural injuries 

(NIOSH, 2014a). Thus, youth operating tractors on farms were of interest in this study. The 

number of participants who reported youth operating tractors on farms was small (8% to 

20%, and 16% overall). However, this could be a reflection of the increasing average age of 

farmers, meaning that their children could have left the farm or were over the age of 18. 

Additionally, some very young ages for tractor operation were reported (4 to 10 year olds 

comprised 27% of the youth driving tractors). According to the U.S. Department of Labor's 

child labor requirements in agricultural occupations under the Fair Labor Standards Act 

(USDOL, 2007), which prohibit youth under 16 years old from “operating a tractor over 20 

power-take-off horsepower” but allow exemptions for 14 and 15 year olds who have 

received tractor and machinery operation training, youth 13 years old and younger should 

not be operating tractors. These youth made up 50% of the young population in this study 

who were operating tractors. However, for farm parents, there is no minimum age 

requirement or regulation pertaining to when they should allow their children to operate 

hazardous equipment on their own farms (USDOL, 2007). It was interesting to note that for 

this question (i.e., children 18 years old or younger operating tractors on the farm), a few of 

the older farmers (65+ years old) answered in the affirmative but listed ages of 40 years for 

these children. We believe this reflects the complex parent-child relationship between older 

parents and adult children. Even though the children are now adults and take on major 

responsibilities of operating the farm, they are still viewed as “children” by older farmers.

Previous studies have found that farms smaller than 300 acres, having an operator 65 years 

old or older, or with farm income of less than $10,000 per year all had significant 

associations with not having ROPS on tractors (Myers, 2010; Loringer and Myers, 2008). In 

this study, all New York demonstrator farms were smaller than 300 acres, as well as 27 of 

the 29 farms of New York observers who answered the farm size question. Many of the 
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Virginia demonstrator farms (75%) as well as 22 of 31 of the Virginia observer farms (71%) 

were also smaller than 300 acres. Half of the New York and Virginia demonstrators were 65 

years old or older, but only 28% of the New York observers and 33% of the Virginia 

observers were in this age category. Almost two-thirds (65%) of the New York 

demonstrators and over half (54%) of the Virginia demonstrators had gross farm sales of <

$10,000. Fifty-eight percent of the New York observers and not quite half (44%) of the 

Virginia observers fit this category. This study supports previous findings that these variables 

are associated with farmers who do not have ROPS on their tractors.

The ROPS importance question did not show an overall increase in farmers' views on ROPS 

after they had participated in the CROPS demonstration, with the majority of their responses 

remaining unchanged. However, one Virginia observer asked to become a Virginia 

demonstrator and installed a CROPS on his tractor. Additionally, the attitude toward ROPS 

showed a general increase in mean scores, with some of the lowest response categories on 

the follow-up survey not being selected by respondents, indicating a potentially positive 

impact on participants' safety attitudes toward ROPS. For the safety attitude questions, the 

majority remained the same. In general, Virginia participants were more likely to decrease 

their scores. There was likely some effect due to the generally lower response rates on the 

posttest across all participant categories.

Limitations

Participants enrolled in the study, especially the demonstrators, were likely a non-

representative biased population, as some had previously indicated an interest in retrofitting 

their tractor through their state ROPS retrofit program. However, a previous analysis (Hard 

et al., 2015) indicated that they were similar in several selected demographics to their state's 

Census of Agriculture and national Census of Agriculture. Observers were recruited by the 

demonstrators and were a convenience sample, as they were often neighbors, relatives, or 

friends.

Conclusions

Demonstration projects, in the simplest terms, seek to determine if something is feasible or 

to demonstrate that it can be done. In terms of this definition, the CROPS project was 

successful in demonstrating that the CROPS retrofit models designed by NIOSH could be 

retrofitted on various tractors, and they were acceptable to the vast majority of CROPS 

demonstrators who retrofitted them. Additionally, it was shown that farmers could retrofit 

the CROPS design on their own tractors. Posttest responses from the demonstrators who 

retrofitted their tractors indicated some concerns with the height of the CROPS and stabilizer 

bar interference with the CROPS mounts. These two issues should be investigated further in 

any future work or design modifications of the CROPS.

Many of the participants in the CROPS project exhibited characteristics similar to those 

reported in other studies for farmers who would likely not have ROPS on their tractors (age 

of 65+, farm size of <300 acres, farm income of <$10,000). The participant group with the 
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highest percentage for having all tractors on a farm protected with ROPS was the New York 

demonstrators (38%). This value ranged from 21% to 38% across participant groups.

The CROPS demonstration had mixed results in impacting participants' ROPS or safety 

attitudes. There was not much change in the participants' attitudes toward the importance of 

ROPS; however, one Virginia observer decided to become a Virginia demonstrator and 

installed a CROPS on his tractor. Additionally, the questions on the participants' attitudes 

toward ROPS showed a decrease in several of the lowest response categories, with an 

associated increase in mean scores for several of the questions, which indicates a positive 

increase in attitudes toward ROPS. Responses on five selected safety attitude questions 

generally remained the same for the majority of respondents. These results support previous 

findings regarding the difficulty of changing attitudes in general and farmer safety attitudes 

in particular (Murphy, 1992; Cole et al., 2002; May et al., 2006).

The number of youth 18 years old or younger who operated tractors on participant farms 

was fairly small at 8% to 20%, depending on the participant group, and 16% overall. This 

could be a result of the increasing average age of farmers, whose children were older than 18 

years, although some older farmers reported children 18 years old or younger operating 

tractors on their farms, which leads us to believe that they were hired youth or 

grandchildren. The large percentage (50%) of youth 13 years old and younger operating 

tractors, especially the very young (27% ≤10 years old), is of concern due to the known 

hazards of operating tractors. Of the farmers who indicated that youth 18 years old or 

younger were operating tractors on their farms, a small proportion of demonstrators were the 

only participant group that had all their tractors equipped with ROPS, although the actual 

numbers were small, with one farm each for New York and Virginia demonstrators.

This study indicates that there is still much work to be done to reduce the number of deaths 

in production agriculture due to tractor rollovers. CROPS could be a valuable addition to the 

efforts of retrofitting ROPS on tractors nationally.
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Table 1
NIOSH CROPS study participants indicating youth operating tractors on farms

New York Virginia

Participants Pretest Posttest Pretest Posttest

Demonstrators, n (%)[a] 3 (12) 2 (9) 4 (16) 2 (8)

 Youth age range (years) 10 to 17 10 to 15 7 to 16 13 to 16

 Total number of youth 3 2 6 3

Observers, n (%)[a] 9 (20) 3 (10) 4 (11) 5 (17)

 Youth age range (years) 4 to 18 5 to 16 10 to 17 12 to 16

 Total number of youth 12 3 6 9

[a]
Based on the number of valid responses.
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Table 2
Tractor and ROPS use by CROPS study participants

Participants New York Virginia

Demonstrators 24[a]/25 24[a]/25

 Additional tractors 0 to 10 0 to 6

 Total number of tractors 74 88

 Largest number of tractors with ROPS on a single farm 3 4

 Tractors with ROPS prior to CROPS demonstration 18 (24%) 31 (35%)

 Tractors with ROPS after CROPS demonstration 42 (57%) 56 (64%)

 ROPS on all tractors used on farm 9/24[b] = 37%[c] 7/24[b] = 29%[d]

Observers 41[a]/45 34[a]/36

 Additional tractors 0 to 15 0 to 6

 Total number of tractors 88 99

 Largest number of tractors with ROPS on a single farm 10 6

 Tractors with ROPS prior to CROPS demonstration 24 (18%) 53 (53%)

 Tractors with ROPS after CROPS demonstration 24 (18%) 54 (54%)

 ROPS on all tractors used on farm 6/33[b] = 18% 10/28[b] = 36%

[a]
Number who answered the tractor question on how many tractors they have.

[b]
Number who answered if they had ROPS on their tractors.

[c]
Four were demonstrators who had only one tractor that was retrofitted.

[d]
One was a demonstrator who had only one tractor that was retrofitted.
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Table 3
Economic variables by state and participant type

New York Virginia

Participants Median Range Median Range

Demonstrators n = 17 n = 22

 Gross farm sales $2,500 to $4,999 <$2,500 to $25,000-$49,999 $5,000 to $9,999 <$2,500 to $50,000-$99,999

 Gross family income (n = 8) n = 8 n = 10

$45,000 $25,000 to $80,000 $60,000 $32,000 to $150,000

 Percentage of family income 
that is farm income (n = 9) n = 9 n = 18

20% 1% to 35% 17.5% 0% to 100%

Observers n = 24 n = 27

 Gross farm sales $2,500 to $4,999 <$2,500 to $300,000-$499,999 $10,000 to $24,999 <$2,500 to >$500,000

 Gross family income (n = 11) n = 11 n = 11

$5000 $0 to $100,000 $50,000 $0 to $130,000

 Percentage of family income 
that is farm income (n = 12) n = 12 n = 14

5.5% 0% to 70% 5% 0% to 75%

J Agric Saf Health. Author manuscript; available in PMC 2016 November 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hard et al. Page 17

Ta
b

le
 4

D
ay

s 
w

or
k 

of
f-

fa
rm

 b
y 

pa
rt

ic
ip

an
t 

ty
pe

, a
ge

, f
ar

m
 s

iz
e,

 g
ro

ss
 f

ar
m

 s
al

es
, f

am
ily

 in
co

m
e,

 a
nd

 p
er

ce
nt

ag
e 

of
 f

am
ily

 in
co

m
e 

th
at

 is
 f

ar
m

 in
co

m
e

P
ar

ti
ci

pa
nt

s
D

ay
s 

of
 W

or
k 

O
ff

-
F

ar
m

A
ge

 (
ye

ar
s)

F
ar

m
 S

iz
e 

(a
cr

es
)

G
ro

ss
 F

ar
m

 S
al

es
F

am
ily

 G
ro

ss
 I

nc
om

e

P
er

ce
nt

ag
e 

of
 F

am
ily

 
In

co
m

e 
th

at
 is

 F
ar

m
 

In
co

m
e

N
ew

 Y
or

k 
de

m
on

st
ra

to
rs

(n
 =

 2
0)

 N
on

e 
=

 6
 A

ny
 =

 
6 

>
20

0 
da

ys
 =

 8
(n

 =
 2

4)
 M

ed
ia

n 
=

 
64

.5
(n

 =
 2

3)
 M

ed
ia

n 
=

 9
0

(n
 =

 1
7)

 M
ed

ia
n 

=
 2

,5
00

 to
 

$4
,9

99
(n

 =
 8

) 
M

ed
ia

n 
=

 $
45

,0
00

(n
 =

 9
) 

M
ed

ia
n 

=
 2

0%

N
ew

 Y
or

k 
ob

se
rv

er
s

(n
 =

 2
9)

 N
on

e 
=

 1
8 

A
ny

 
=

 3
 >

20
0 

da
ys

 =
 8

(n
 =

 3
9)

 M
ed

ia
n 

=
 

59
(n

 =
 2

9)
 M

ed
ia

n 
=

 8
6

(n
 =

 2
4)

 M
ed

ia
n 

=
 $

2,
50

0 
to

 
$4

,9
99

(n
 =

 1
1)

 M
ed

ia
n 

=
 $

5,
00

0
(n

 =
 1

2)
 M

ed
ia

n 
=

 
5.

5%

V
ir

gi
ni

a 
de

m
on

st
ra

to
rs

(n
 =

 2
4)

 N
on

e 
=

 1
0 

A
ny

 
=

 5
 >

20
0 

da
ys

 =
 9

(n
 =

 2
4)

 M
ed

ia
n 

=
 

64
.5

(n
 =

 2
4)

 M
ea

n 
=

 2
43

 M
ed

ia
n 

=
 1

75
 M

od
e 

=
 1

75
 R

an
ge

 =
 5

 
to

 1
50

0

(n
 =

 2
2)

 M
ed

ia
n 

=
 $

5,
00

0 
to

 
$9

,9
99

(n
 =

 1
0)

 M
ed

ia
n 

=
 $

60
,0

00
(n

 =
 1

8)
 M

ed
ia

n 
=

 
17

.5
%

V
ir

gi
ni

a 
ob

se
rv

er
s

(n
 =

 3
4)

 N
on

e 
=

 1
5 

A
ny

 
=

 2
 >

20
0 

da
ys

 =
 1

7
(n

 =
 3

4)
 M

ed
ia

n 
=

 
50

(n
 =

 3
1)

 M
ed

ia
n 

=
 1

75
(n

 =
 2

7)
 M

ed
ia

n 
=

 $
 1

0,
00

0 
to

 
$2

4,
99

9
(n

 =
 1

1)
 M

ed
ia

n 
=

 $
50

,0
00

(n
 =

 1
4)

 M
ed

ia
n 

=
 5

%

J Agric Saf Health. Author manuscript; available in PMC 2016 November 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hard et al. Page 18

Ta
b

le
 5

C
R

O
P

S 
st

ud
y 

pa
rt

ic
ip

an
t 

sa
fe

ty
 r

an
ki

ng
 b

y 
qu

es
ti

on
 a

nd
 p

re
/p

os
tt

es
t 

ch
an

ge

P
ar

ti
ci

pa
nt

s
R

an
k 

In
cr

ea
se

R
em

ai
n 

Sa
m

e
R

an
k 

D
ec

re
as

e
P

re
te

st
 M

ea
n

P
os

tt
es

t 
M

ea
n

M
ea

n 
C

ha
ng

e

Q
1:

 I
t i

s 
le

ss
 li

ke
ly

 th
at

 a
ny

on
e 

on
 m

y 
fa

rm
 w

ou
ld

 b
e 

ki
lle

d 
or

 h
ur

t i
n 

a 
ro

llo
ve

r 
co

m
pa

re
d 

to
 o

th
er

 f
ar

m
s.

 
N

ew
 Y

or
k 

de
m

on
st

ra
to

rs
7

7
6

2.
38

2.
50

0.
12

 
N

ew
 Y

or
k 

ob
se

rv
er

s
7

11
6

2.
42

2.
54

0.
12

 
V

ir
gi

ni
a 

de
m

on
st

ra
to

rs
2

19
3

2.
58

3.
13

0.
55

 
V

ir
gi

ni
a 

ob
se

rv
er

s
7

11
10

2.
57

2.
55

-0
.0

2

Q
2:

 M
os

t p
eo

pl
e 

w
ho

 a
re

 im
po

rt
an

t t
o 

m
e 

th
in

k 
th

at
 I

 s
ho

ul
d 

re
tr

of
it 

at
 le

as
t o

ne
 o

f 
m

y 
un

pr
ot

ec
te

d 
tr

ac
to

rs
.

 
N

ew
 Y

or
k 

de
m

on
st

ra
to

rs
4

8
6

3.
26

3.
26

0.
00

 
N

ew
 Y

or
k 

ob
se

rv
er

s
2

15
5

2.
95

2.
96

0.
01

 
V

ir
gi

ni
a 

de
m

on
st

ra
to

rs
3

17
3

3.
38

3.
50

0.
12

 
V

ir
gi

ni
a 

ob
se

rv
er

s
6

12
3

3.
00

3.
12

0.
12

Q
3:

 I
t i

s 
ex

pe
ct

ed
 o

f 
m

e 
th

at
 I

 r
et

ro
fi

t a
t l

ea
st

 o
ne

 o
f 

m
y 

un
pr

ot
ec

te
d 

tr
ac

to
rs

.

 
N

ew
 Y

or
k 

de
m

on
st

ra
to

rs
3

9
7

3.
13

3.
00

-0
.1

3

 
N

ew
 Y

or
k 

ob
se

rv
er

s
4

14
4

2.
80

2.
87

0.
07

 
V

ir
gi

ni
a 

de
m

on
st

ra
to

rs
6

13
3

3.
25

3.
22

-0
.0

3

 
V

ir
gi

ni
a 

ob
se

rv
er

s
5

11
6

2.
80

2.
60

-0
.2

0

Q
4:

 I
 f

ee
l p

re
ss

ur
ed

 to
 r

et
ro

fi
t a

t l
ea

st
 o

ne
 o

f 
m

y 
un

pr
ot

ec
te

d 
tr

ac
to

rs
.

 
N

ew
 Y

or
k 

de
m

on
st

ra
to

rs
5

9
4

2.
67

2.
72

0.
05

 
N

ew
 Y

or
k 

ob
se

rv
er

s
3

15
3

2.
53

2.
36

-0
.1

7

 
V

ir
gi

ni
a 

de
m

on
st

ra
to

rs
3

10
6

2.
68

2.
73

0.
05

 
V

ir
gi

ni
a 

ob
se

rv
er

s
6

11
4

2.
32

2.
24

-0
.0

8

Q
5:

 I
f 

I 
ha

ve
 a

 R
O

PS
/C

R
O

PS
 o

n 
m

y 
tr

ac
to

r, 
I 

w
ill

 w
ea

r 
m

y 
se

at
be

lt 
w

he
ne

ve
r 

I 
am

 o
n 

th
e 

tr
ac

to
r.

 
N

ew
 Y

or
k 

de
m

on
st

ra
to

rs
3

14
3

3.
33

3.
40

0.
07

 
N

ew
 Y

or
k 

ob
se

rv
er

s
3

10
10

3.
00

2.
84

-0
.1

6

 
V

ir
gi

ni
a 

de
m

on
st

ra
to

rs
2

15
6

3.
33

3.
17

-0
.1

6

 
V

ir
gi

ni
a 

ob
se

rv
er

s
3

14
10

2.
94

2.
69

-0
.2

5

J Agric Saf Health. Author manuscript; available in PMC 2016 November 15.


	Abstract
	Methods
	Results
	Youth Operating Tractors
	Tractors with ROPS
	Youth Operating Tractors with ROPS
	Economic Variables
	Economic Variables and Youth
	Days Work Off-Farm
	ROPS and Safety Attitudes
	ROPS Importance
	ROPS Attitude
	Safety Attitude

	Knowledge of Tractor Deaths
	Follow-up Responses on Issues with CROPS

	Discussion
	Limitations
	Conclusions
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

