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The population of farmers is aging at a higher 
rate than the USA population1 and older farm-
ers are more likely to suffer fatal accidents 
than their younger counterparts2. An aging 
workforce is not just a USA problem: the 
populations of most countries, particularly 
farmers, are aging disproportionally as well3,4.

The physical and cognitive changes that can 
accompany aging require particular consid-
erations when technologies are being de-
signed5. Indeed, one study found that the 

need for a hearing aid was the best predictor 
of work-related farm accidents6. In terms of 
interacting with machinery, farmers over age 
59 were more likely to suffer differentially 
more injuries from machinery than younger 
farmers7. Expertise is not an immunization 
for injury: the most experienced farmers 
show the highest injury rates8,9. Some older 
farmers have only recently bought equip-
ment and taught themselves the rudiments of 
farming while others have used many pieces 
of heavy equipment throughout their lives 
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and were trained informally10. Both groups 
heavily represent farm-related accident sta-
tistics. In the available US statistics, older 
farmers represented over 50% of all farming-
related fatalities from 1992–200411. When 
older farmers are injured, they lose more 
workdays and are more likely to be hospital-
ized than younger farmers11. Older farmers 
are more susceptible to non-fatal injuries as 
well12. One example comes from a study of 
Greek farmers that found percent injury rises 
from 10% for farmers aged 25-34, 18% for 
farmers aged 45-54, and up to 28% by the 
time farmers are over age 6513. Similar trends 
have been found for Canadian farmers14.

Per capita accident data support that older 
farmers are a particularly vulnerable group: 
farmers over 65 represent 45.8 fatalities per 
100,000 workers each year compared to the 
overall fatality rate across occupations of 25.4 
fatalities per 100,000 workers/year11. The 
problem with fatal accident statistics is that 
most come from death certificates and do not 
give insight into why the accident occurred15. 
Data on non-fatal injuries are even more dif-
ficult to assess, as many farmers go without 
medical care for their injuries due to the lack 
of medical services in rural communities16.

The most common farming hazards involve 
tractors, augers (devices for moving solid or 
liquid material by means of a rotating heli-
cal flighting; the material is moved along the 
axis of rotation), and grain silos. Tractors are 
one of the most common forms of technol-
ogy used in agricultural work and also the 
most dangerous: more fatalities have oc-
curred due to tractors than all other hazards 
combined12. Disturbingly, older workers ac-
counted for an even higher percentage of 
tractor related deaths than younger workers12. 
On every farm, workers and owners interact 
daily with multiple systems and machines in 
a frequently changing environment8,11.

Though there are accident data identifying 
roll-overs, run-overs, collisions, electrocu-
tion, and falling as major causes of injury, 
there is little information on the causes (and 
therefore potential preventative measures) 

of these accidents9,11,17,18. On the farm, what 
change to technology would have the most 
impact on accident rates? What kinds of in-
dividual differences are there in the farming 
population versus the samples commonly 
used in research? The purpose of the current 
project was to generate descriptive data of 
the kinds of farm technologies related to in-
jury and whether there are specific environ-
ments or situations in which those accidents 
are more likely to occur. The second goal of 
the current work was to augment this infor-
mation with the reasons behind the decisions 
farmers made that resulted in near misses, 
injury, or loss of life. To answer these ques-
tions we analyzed archival accident data for 
human factors issues and conducted focus 
groups with experienced farmers about their 
typical tasks and which tasks and machinery 
they considered the most dangerous. 

Methods

Quantitative and qualitative data were gath-
ered and analyzed to understand the safety 
issues facing today’s farmers. Qualitative 
data came from focus groups with experi-
enced farmers and was complemented by 
quantitative data from the Fatality Assess-
ment and Control Evaluation (FACE) data-
base of fatal farm-related accidents19.  Dif-
ferences between the focus group method 
and the coding of archival data were that the 
archival analysis spanned many states, while 
the focus groups contained only central and 
eastern North Carolina farmers. Also, the 
archival analysis contained reports of fatal 
accidents, while the focus groups provided 
information on near misses and non-fatal 
accidents.

Focus group 
Two focus groups were conducted with lo-
cal farmers at Farm Bureau offices in North 
Carolina, USA. Sessions were guided by a 
structured script (available from the authors 
on request) composed of questions con-
cerning farm accidents, known hazards on 
the farm, and hidden or non-intuitive haz-
ards. Focus groups were audio-taped for 
transcription and a note-taker augmented 
any difficult to understand speech. Each 
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participant’s response to questions was writ-
ten on a large easel pad to facilitate further 
discussion. Analyses in this report are based 
on the transcriptions of the focus groups, 
whiteboard notes, and the notes of a scribe 
attending the session. This effort achieved 
the first goal of this research -- to discover 
opportune areas of human factors research 
in agriculture, particularly for aging farmers. 

Participants
All ten participants happened to be male. 
The mean age of participants was 52.6 
years (24 to 68, SE=4.2). They averaged 
40 years farming experience (SE=4.1) and 
each owned a mean of 4.7 pieces of large 
equipment with a mean equipment age of 
14 years (SE=11.3). The participants reported 
working alone about half the time and that 
they felt neutral about whether getting hurt 
on the farm was a problem for them (Table 
1). This was despite reporting an average of 
2.4 accidents each requiring a doctor visit 
(SE=0.4) and 0.8 accidents requiring a hos-
pital visit (SE=0.3). Every focus group par-
ticipant reported at least one trip to a doctor 
due to a farming injury.

Procedure
Once the discussion began, each participant 
introduced himself and mentioned the types 
of crop and/or livestock with which he com-
monly worked. Then, the moderator divided 
the work year into seasons and asked the 
group to set dates for the start and end of 
those seasons. Starting with fall, the modera-
tor collected the type of equipment used that 

season, crop and livestock worked, and the 
group opinions of what seasonal task was the 
most dangerous and why. At the conclusion 
of the discussion, participants filled out the 
demographics survey. They then received 
debriefing and compensation for their time.

Archival analysis 
All FACE cases were originally in narrative 
form with a summary, introduction (demo-
graphics), investigation (detailed report of 
what appeared to have happened), cause 
of death, recommendations, and discussion 
(Table 2).

Coding scheme
Codes were developed to investigate typi-
cal human factors considerations, such as 
environment surrounding the accident and 
individual differences in the description of 
the victims. Four coders refined the coding 
scheme until 90% agreement was reached 
on all coded variables for five cases (165 
codes) (actual agreement was 97%). Then, 
coders progressed through randomly se-
lected sections of the total cases until each 
of the 328 cases had been coded by two 
coders. These cases represented all FACE 
reported farm fatalities from 1989 – 2006. 
Coded variables are presented as percent 
frequencies and as correlations when corre-
lations were predicted a priori (α=0.05). The 
victim was aged 50+ in 178 cases. 

Cluster analysis
A cluster analysis20 was performed on the 328 
cases coded from the FACE database. Some 

 

Survey statement Mean SE 

A tractor is dangerous 3.6 0.4 
Getting hurt on the farm has been a problem for me in the past 3.0 0.2 
Safety on public roads is an issue for me when I’m on my equipment 4.3 0.4 

In order to complete my daily tasks, I must spend time communicating with workers 4.5 0.2 
Clear communication plays a role in safety on the farm or ranch 4.6 0.2 
I can think of an incident where poor communication was at the root of the problem 3.9 0.3 
More safety problems occur with workers that do not speak the same language as I do 3.8 0.2 
Time spent working alone 57% 6% 

 

Table 1. Focus Group demographics and survey answers; A 5-point scale is used: 1=Strongly disagree, 
2=Disagree, 3=Neutral, 4=Agree, 5=Strongly Agree
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of these variables contained enough cases to 
be included in the cluster analysis. Only vari-
ables that could be coded for 80% or more 
cases were included in the cluster analysis. 
These included gender, season, farm owner-
ship status, occupation, location on farm, farm 
type, ground conditions, weather-precipitation, 
weather-wind, debris, clothing involved, victim 
language, cause of death, activity during acci-
dent, proximal cause, known medical condi-
tions, normalcy of activity, normalcy of equip-
ment, operator error, mechanical error, design 
error, under influence, and tractor involvement. 

Coded data were subjected to a two-step 
cluster analysis that allowed inclusion of 
nominal and scale data. The analysis was 
run several times on the data in a randomly 
entered order, as the two-step analysis can 

be affected by the order of variables, and 
produced stable results (Table 3)20.

Results

The results are organized by incidents and 
descriptors from the focus groups that re-
lated to safety followed by the archival data 
in terms of frequency counts, cluster analy-
sis, and regressions. It is noted whether the 
archival data differed from the focus group 
findings. 

Focus groups
The farmers in the focus groups owned nu-
merous pieces of equipment ranging from 
several tractors with multiple attachments 
for those tractors, to combines, mowers and 
four-wheelers. Farmers reported using gen-
erally older equipment with some tractors 

 

Code type Code Values 

Demographics Age In years 
Gender Male / Female 
Occupation Agricultural farmer / Livestock 

farmer / Mechanic / Handyman 
or worker 

Time Year Calendar year 
Season Spring / Summer / Fall / Winter 
Time of the Day Morning / Afternoon / Evening / 

Night 
Location State USA state 

Accident area Pasture / Barnyard / Barn / Field 
/ Road / Orchard / Machine 
shed / Feed lot 

Equipment Tractor involvement Yes / No 
Type of tractor Crawler / Tricycle / Wide-front 

utility / Skid steer loader / 
Forklift / Narrow front end 

Equipment age <10 / 11-20 / 21-30 / 31-40 / 
41-50 / >50 years 

Seatbelt present / used Yes / No / Not applicable 
Cause of death Proximal cause Tractor roll-over / Tractor run-

over / Struck by falling object / 
Slip or fall 

Medical cause Bleeding / Crushed or blunt-
force trauma / Asphyxia / 
Electrocution / No autopsy 

Contributory factors If / how did clothing contribute? Did not contribute / Entangled 
machine / Distraction / Slip 

Under the influence Yes / No 
Known medical condition Yes / No 

 

Table 2. Sample of codes with possible values for archival data analysis of fatal accidents
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dating back to the 1950’s.  Open and ob-
vious hazards were discussed, followed by 
hidden hazards and attitudes expressed by 
the farmers. 

Tractor roll-overs
Roll-overs were considered one of the most 
common reasons for injury and death on 
the farm. The farmers in our groups men-
tioned mowers as a particular hazard for 
roll-overs. A frequent task was to mow the 
banks of ditches that surround fields. Edging 
the mower along the side of the bank could 
easily result in a roll-over into the ditch, as 
could an item or hole on the bank. This task 
was complicated by the design of the ma-
chinery: farmers looked behind them as they 
drove to keep the mowing equipment close 
to the edge of the ditch. This limited their for-
ward attention and vision so that obstacles 
and direction change went unnoticed. Also, 
during mowing, debris often flew from the 
mower into the face of the driver. This type of 
distraction reduced the attention the farmer 
devoted to driving, steering, and avoiding ob-
stacles that could roll the mower into a ditch. 

One farmer noted: “Hell, you should wear a 
football helmet (laugh) to cut the ditch banks”. 
These dangers are likely increased for older 
farmers, due to age-related declines in atten-
tion and in the ability to inhibit distractors21. 

Power take-off
A power take-off (PTO) shaft connects a 
tractor to attachments, such as an auger 
wagon or equipment that does not have an 
engine. The PTO is a rapidly spinning shaft 
that spans the distance between tractor and 
attachment. Farmers listed guards (plas-
tic and metal) that shielded the body and 
clothes from contact with the PTO shaft, but 
also mentioned having to drill through or 
remove the guards when the PTO needed 
maintenance. The cost of replacing a PTO 
guard was estimated at 80-100 USA dollars 
and farmers were not interested in replacing 
one that had been drilled through or altered 
for maintenance. One problem with PTO 
shields was a tendency toward complacen-
cy. As one farmer said: “Don’t cross it. We 
have a bad tendency to want to get to the 
other side to work on the other side and you 

 

Variable Categories 
Cluster 1: n=106 Cluster 2: n=103 

n % of 
n=209 

n % of 
n=209 

Season Spring 13 27 35 73 
Summer 33 45 40 55 
Fall 35 70 15 30 

Location Road 1 3 37 97 
Container 26 100 0 0 

Gradient Flat 100 85 18 15 
Inclined 5 7 63 93 

Clothing Entangled 22 100 0 0 
Not involved 80 44 101 56 

Activity Transporting 7 18 33 83 
Repairing 25 93 2 7 

Proximal cause Crushed 17 17 81 83 
Entangled 24 96 1 4 
Other 28 82 6 18 

Tractor Yes 51 35 96 65 
No 55 89 7 11 

 

Table 3. Number of cases and their percentages in influential categories from the cluster analysis; Bold 
indicates high importance for that category in that cluster; Non-bolded companion data from the other 
cluster is provided for comparison; Cluster 1 concerns containers; Cluster 2 concerns tractors
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have a chance to straddle it”. However, one 
farmer indicated that having a safety shield 
on the PTO shaft made it more enticing to 
step over, “It can fool you that way. It can”.

As with the other machinery, farmers men-
tioned the PTO often needs to be in operation 
to diagnose problems with it. This violated 
their own rule of turning off the PTO before 
approaching. This kind of paradox was com-
mon: a task needed to be done but it could 
not be completed using appropriate safety 
rules. Numerous farmers described working 
without a PTO shield, and the resulting ac-
cidents. Specifically, a relative of one farmer 
lost an arm to a PTO from leaning across it 
and having his clothing catch and another 
mentioned the death of a friend when the 
PTO touched and caught the man’s chest. In 
summary, everyone knew the danger of an 
unshielded PTO and reported extreme care 
around this hazard. However, they also re-
ported accidents involving the PTO.

Repairs to machinery
Repairs occur year round, though focus 
groups reported most repairs occurred in 
the winter. When repairs occurred during 
high-workload seasons, they often occurred 
in the field or wherever the equipment 
broke down. One complaint about safety 
systems was that automatic cutoffs inter-
fered with their diagnosis for repair. Farmers 
use creative methods to get around these 
cutoffs, such as putting a heavy tool case on 
the seat when they leave the machinery or 
trying to perform the task before the cutoff 
occurs (for instance, less than eight seconds). 

While repairing machinery, farmers men-
tioned they relied on the hydraulics to keep 
the machinery lifted rather than using exter-
nal jacks. A pinhole in a hydraulic line can 
cause a fatal penetration of human tissue 
from the escaping high pressure liquid. Even 
knowing this hazard, farmers in the focus 
groups reported the desire to cover such 
pinholes with their fingers because it looked 
like liquid escaping from a hose. Though 
most hydraulic lines have shields, these 
must often be removed for repair to the lines. 

Fumes during repairs or work
While the aforementioned hazards that in-
volved PTOs and tractors were open and 
obvious because farmers were aware of the 
consequences of unsafe action, other haz-
ards were less obvious and people might 
attend to them less, especially when more 
obvious hazards are present. Consider the 
relatively mundane task of conducting re-
pairs and maintaining equipment during the 
winter months. Due to the weather, repairs 
often occurred in an enclosed space where 
running equipment produced carbon mon-
oxide. Other fumes, such as methane and 
hydrogen sulfide, collect in enclosed spaces, 
such as silos, wells, and tanks. 

Distraction could also play a role: if some-
one were working on a PTO, they might be 
careful to avoid the PTO while the pres-
ence of carbon monoxide went undetected. 
Fumes were specifically listed as a danger by 
farmers, but their only method of detection 
was to be ‘careful’ not to run the machin-
ery ‘too long’ in an enclosed area. Alarms 
for carbon monoxide detection were not 
mentioned by the farmers. These issues may 
be especially problematic for older male 
farmers who display age-related and gen-
der-specific declines in olfaction22. Methane 
fumes from manure pits were detectable by 
farmers, however, the danger they posed 
was difficult to comprehend. One farmer 
mentioned an incident where a single per-
son was overcome by such fumes and seven 
others died trying to save each other as they 
were all overcome. Fumes that cause injury 
or death can also be present in upright si-
los, but farmers reported these fumes were 
undetectable.

The hazard of suffocation inside a con-
tainer was also mentioned. Though farmers 
discouraged entering a grain bin or auger 
wagon and related stories about accidents 
happening from entering them, they still 
mentioned playing in containers as children. 
The obvious hazard in these areas was the 
sharp equipment located in these contain-
ers, such as augers, but the hazard leading 
to many accidents was more subtle. Farmers 
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explained that moisture can cause the grain 
in these containers to form a ‘bridge’, or a 
false surface hollowed underneath by grain 
passing out the bottom of the bin. Stepping 
on this surface (despite the rule of not enter-
ing the bin) caused the farmer to fall through 
and the bridged grain to collapse. 

“It looks solid, until you do step on it, and it 
caves in and then it’s just like a …quicksand, 
but quicker. I mean you can’t climb out, you 
can’t uh, breathe, you sit there and smother, 
you’d like to be able to use your hands but 
that wouldn’t be enough”.

The farmers knew not to enter the contain-
ers, and yet these accidents still occurred. 
It was not enough to provide a warning or 
explanation inside: they understood there 
was a hazard present. More research in this 
area is needed to understand how to avoid 
this hazard. For example, sensors or some 
other way to detect when bridging occurs 
may provide enough information to remove 
the hidden portion of the hazard and allow 
farmers to deal with the known hazard.

Power lines
Focus groups mentioned power lines mul-
tiple times and understood that danger 
comes from the infrequency of this haz-
ard: dozens of turns may be made with 
equipment and only one of them would 
be in proximity to a power line. Exacer-
bating this hazard was the need to work 
past nightfall when visibility is reduced 
and that attending to the obvious hazard 
of power lines consumed the attentional 
resources needed for avoidance of other 
hazards.

Human reaction-time.
Some farmers identified equipment that op-
erated so quickly it defied expectations. For 
example, a corn “snapper” pulls corn into 
itself automatically from the stalk. If a per-
son tried to remove a jammed stalk of corn 
from the feeder, it could pull the corn in so 
quickly that the human could not release 
the stalk before the hand made contact with 
the moving parts of the machine. 

“… a lot of old folks going around with one, 
two and three fingers because it took what 
they called snappers….that snapper would 
just pull your hand….while you were hold-
ing that ear of corn, or that stalk,  it would 
snatch it right off there and tear your fingers”.

Farmers acknowledged that the danger of 
this machine was in the violation of expec-
tation: people believed they could let go 
quickly enough that their hand would not 
go into the machine. Although such viola-
tion of expectation is hazardous at all ages, 
the slowing of reaction time that can accom-
pany aging puts older farmers at even higher 
risk23.

Approaching
Farmers noted approaching someone work-
ing in a field was surprisingly dangerous. 
Again, they explained this hazard in terms of 
expectation violation.

“You’re … in a wide open area running that 
machine thinking you ain’t got a problem to 
worry about.  You ain’t going to strike any-
thing.  All you got to do is keep your eyes 
up front.  Then all of a sudden you’ll stop, 
you got a problem so you start backing up 
that machine, next thing you know, you’re 
backing up over somebody because they 
didn’t think to get out of the way because 
they thought you were going to keep going 
forward”.

Increased communication in the agricultural 
environment, particularly proximity based 
communication, is a potential solution. Sec-
ond, proximity based warning systems could 
be added to equipment. As this method has 
been successful in the context of automo-
bile warnings and in other industrial set-
tings24, this approach might transfer well to 
the development of technology-based farm 
warnings.

Inevitability
Farmers in the focus groups mentioned acci-
dents as part of the job. This is different from 
regulated jobs where accidents are consid-
ered rare rather than common. Farmers also 



332011 Vol. 10 No 1

H u m a n  f a c t o r s  &  f a r m i n g

mentioned a high level of independence 
in their work. However, this translated to a 
tendency to blame themselves for accidents 
rather than faulty or poorly designed equip-
ment. Farmers almost always mentioned an 
accident as a result of not paying attention 
or being careful enough. Comments includ-
ed “We try to pay attention to everything” 
and “It’s common sense”. An excerpt from 
one group is provided as illustration:

“We all here have been through it and know 
it…Well we know to go around to the front 
of the header, stay out of the, if you got a 
bean table, you stay out of the way of the 
wheel. And, but if you got uh, lets say corn 
head. And you look up there and you see 
the problem is that it’s jammed up. For some 
reason or another…we’ll play stupid for 
that second. And we’ll look up and snatch 
that stalk out, cause the header is running 
a whole lot slower than we’ll…we’ll have a 
lapse, thought, and you just go up there and 
put your hand on it, and it will burn it. Or 
you’ll have a near miss, [and get] that stalk 
out. And I don’t know what you call that. 
Stupidity I suppose, but we all have…”

“It happens to everybody”.

Farmers almost never mentioned difficulty 
with the equipment or poor design as a 
cause of an accident. Completing tasks was 
paramount, despite poor or failing equip-
ment, weather, or time of day. Study of these 
attitudes can explore what safety methods 
are most acceptable and how to phrase and 
design safety systems that are effective and 
utilized by users with these attitudes. Mod-
els exist for the effect of attitudes on warning 
compliance25, but these may require adapta-
tion for an agricultural context. 

Archival data
General analysis
Quantitative data from fatal accidents were 
generally consistent with the focus group re-
ports.  In the FACE data, the older the farmer, 
the more likely a tractor was involved in 
the fatal accident, (r(328)=-0.13, p=0.011). 
Victim age correlated positively and sig-

nificantly with the age of the tractor: older 
farmers were more likely to be using older 
equipment when they died, (r(160)=0.15, 
p=0.034). The most common age range of 
tractors involved in accidents was 21 to 30 
years old (18.8% fell into this range). The 
fewest tractors were less than 10 years old 
(9.6%) or over 50 years old (3.4%). 

A roll-over or run-over was defined as the 
body of the tractor falling on or passing over 
the body of the victim. Fatal accidents due 
to run-over or roll-over were comparatively 
few (5.8%). Most fatal accidents were due 
to the victim being crushed (45.6%), though 
often they were “crushed” by an attachment 
on the front of the tractor or by the weight 
of the tractor itself. Thus, operation of the 
tractor was connected to most of these fa-
talities, either by pressing the victim against 
a surface or rolling over the victim. The sec-
ond most frequent cause of death was PTO 
entanglement (9.3%) which coincided with 
the concerns expressed by the farmers in 
the focus groups.

Containers (such as grain bins, silos, ma-
nure pits, or other enclosed spaces specifi-
cally for storing products or waste) ranked 
third in terms of the location of an accident 
(11.7%). Overwhelmingly, container deaths 
were due to asphyxia (66.7%). The other 
major cause of container deaths was blunt 
force trauma (19.4%). Bleeding, crushing, 
and electrocution composed the last 13.9% 
of cases. Interestingly, not all asphyxia cases 
were due to gases; many occurred because 
the victim was covered in a solid material, 
such as grain, and suffocated.
 
Electrocution composed only 3.4% of cod-
ed fatalities and few were due to power lines. 
Most occurred as the victim was repairing 
equipment, often in a barn or machine shed. 
Out of the 11 fatalities due to electrocu-
tion, 7 occurred during repair activities. The 
mismatch between the fear of electrocution 
outdoors from the focus group (and perhaps 
the increased attention on a task when near 
power lines) and the fact that most fatalities 
occurred during indoor repair work is nota-
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ble. Farmers in the focus groups were appar-
ently attending to outdoor sources of elec-
tricity rather than attending to the potentially 
more dangerous indoor sources.  

Cluster analysis
The variables in Table 3 were found to con-
tribute significantly to the clusters, as deter-
mined by a chi-square analysis. Two accident 
types were revealed by the cluster analysis. 
The most influential categories of each varia-
ble are listed, followed by the percent of that 
attribute present in a cluster. For example, 
the variable ‘Season’ may be read as ‘Most 
accidents from Cluster 1 occurred in the fall, 
while most accidents in Cluster 2 occurred 
in the summer. More than two-thirds of all 
fall accidents are listed under Cluster 1’.

In general, Cluster 1 accidents were charac-
terized by occurring in containers where the 
victims had clothing entangled by moving 
machinery or a variety of other causes, of-
ten during repair work. Cluster 2 accidents 
were characterized by tractor involvement. 
This type of accident tended to occur while 
transporting (on a road), clothing was rarely 

a factor, and the victim was crushed by the 
moving machinery.

Regression
A stepwise regression analysis was run using 
the variables likely to be linked to age as pre-
dictors: farm ownership, tractor involvement, 
normalcy of activity, and medical conditions 
that may have contributed to the accident 
(Table 4). Farm ownership accounted for 
the most variance, where the older farmers 
were more likely to own the farms where 
they were killed. Surprisingly, the older the 
farmer the less likely a tractor was involved 
in the accident although tractors accounted 
for more fatalities in general than any other 
farm technology. Older farmers were more 
likely to be killed during normal activities. It 
is unknown whether this was because older 
farmers only engaged in normal activities or 
whether long-term exposure to an activity in-
vited complacency. Last, older farmers were 
more likely to have a medical condition that 
could have contributed to the accident.

Limitations
It is important to recognize the limitations 
of this work. For instance, the archival data 
and focus group participants solely reflect 
information regarding farmers in the United 
States.  While it is unknown whether the 
behavioral trends uncovered in these data 
will generalize to farmers living and working 
in other countries, it is likely due to the de-
mographic and equipment/task similarities 
within this particular occupation and the 
heightened accident rates for older farm-
ers in other countries14,15. Whether specific 
cultural differences in hazard recognition 
and safety attitudes exist is still an empiri-
cal question. Moreover, it is also unknown 
whether sampling issues might have influ-
enced the results. Because research partici-
pation in the focus groups was voluntary it is 
possible that participants may have differed 
in some way from those who declined to 
participate.  However, the consistency be-
tween the trends discovered in the focus 
groups and the archival data analysis suggest 
that selection bias is not likely. Given these 
potential limitations, these data appear to 

 

Step Variable   B SE B   β 

1 Farm ownership 12.7 4.3 0.24 
2 Farm ownership 13.8 4.1 0.26 

Tractor 
involvement 

-9.7 
3.1 

-0.24 

3 Farm ownership 11.7 4.1 0.22 
Tractor 
involvement 

-11.0 
3.1 

-0.28 

Normalcy of 
activity 

11.4 
3.7 

0.24 

4 Farm ownership 11.6 4.0 0.22 
Tractor 
involvement 

-9.8 
3.1 

-0.24 

Normalcy of 
activity 

10.5 3.7 0.22 

Medical 
conditions 

9.0 4.2 0.16 

 

Table 4. Summary of stepwise regression analysis 
for variables relating to age; R2 (Step 1)=0.057; 
∆R2 (Step 2)=0.058; ∆R2 (Step 3)=0.055; ∆R2 
(Step 4) =0.025; B=regression coefficient; SE B= 
standard error; β=standardized regression coeffi-
cient; p<0.05
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provide useful information that can inform 
human factors researchers and practitioners 
in a number of farming-related areas.

discussion

In conclusion, these results identified mul-
tiple areas that could benefit from further 
research and design or redesign of farm 
equipment for aging farmers. The first of 
these areas is the hidden hazard. A brief list 
of hidden hazards includes: fumes from ma-
chinery being repaired in an enclosed area, 
fumes from animal feces, the deceptively 
solid appearance of grain in containers, the 
speed of some machinery, and approaching 
a worker in an open field. Government safe-
ty regulations have shown remarkable results 
in reducing farming accidents26 and the USA 
requires training for high stakes farm prac-
tices, such as pesticide use27. Such programs 
could be extended to the most problematic 
areas found in the current study. Although it 
is impossible to know how many of the fatal 
coded accidents were due to hidden haz-
ards, comments from the focus groups sug-
gested that even experienced older farmers 
were susceptible to counter-intuitive equip-
ment behavior. 

The second area ripe for research and rede-
sign contained well known hazards, such as 
the PTO. Future work should investigate how 
to reduce the hazard, what causes interac-
tion with that hazard, and under what cir-
cumstances accidents occurred (for instance, 
multi-tasking, unusual situations, compla-
cency). An example of promising work in this 
area was a study of which tasks required in-
teraction or close proximity to a PTO shaft.28 
Farmers were in closest proximity to the PTO 
to observe operation and adjust settings. Our 
first recommendation is to engineer ways for 
these activities to occur remotely. Our sec-
ond recommendation for reducing this type of 
hazard is to eliminate the barriers to maintain-
ing PTO guards -- simplify their replacement, 
reduce their cost, and promote their use.

The last area of research concerned technol-
ogy acceptance and adoption of safe practic-
es. Farmers were concerned with safety but 

accepted that their tasks often resulted in in-
jury. An investigation of how to design inter-
ventions to work with these attitudes would 
be highly beneficial. Previous work suggests 
that working alone on the farm is linked to in-
jury of older farmers29 and the current work 
supports that most fatalities occurred while 
working alone. Other prior work found that 
older farmers did not value technological 
safety systems, such as a rollover protection 
system (ROPS) for tractors and were less like-
ly than younger farmers to install these sys-
tems30. Last, farmers indicated a strong need 
to finish tasks despite environmental stres-
sors, sometimes hurrying and skipping or 
circumventing safety measures. The current 
work gave insight into this tendency by cur-
rent farmers interviewed in the focus groups 
to accept risk as an occupational hazard. 

There are several potential psychological 
explanations for these attitudes regarding 
risk. The first is optimism bias31, 32 where 
people believe that they are more capable 
than others. A second explanation is the 
third person effect33, where some people 
believe that they are less susceptible to haz-
ards than others34. While there was some 
support for these explanations, it was not 
always strong. Alternately, an economic ex-
planation might be more feasible such that 
safety-related choices are strongly linked to 
economic motives as well as the independ-
ent attitudes of the farmers. A typical family 
farm owner over 55 averages less than 10K/
year from farming activities35. While an in-
jury would affect how much work could be 
completed, the potential injury may not be 
as salient as the consequences of unfinished 
work. Research in how to change the cost-
benefit analysis older farmers likely perform 
on safety versus task completion could help 
alter attitudes in favor of safety.

Finally, the question of learning applies 
to all of these areas: how much are older 
farmers expected to learn about new tech-
nology and new techniques as they con-
tinue to work? Our data on the age of their 
equipment suggests that they continue to 
use familiar tools, yet this does not protect 



362011 Vol. 10 No 1

H u m a n  f a c t o r s  &  f a r m i n g

Acknowledgements
This research was supported in part by a grant 
from the North Carolina Agromedicine Institute 
at East Carolina University. Portions of the data 
from the archival analysis were presented at the 
53rd Annual Meeting of the Human Factors and 
Ergonomics Society40.

References
1.  USDA Farm structure: questions and an-

swers. Economic Research Service; www.
usda.gov/Briefing/farmstructure/Questions/
aginghtm; 2002; retrieved February 4, 2008 

2.  Bernhardt JH, Langley RL. Analy-
sis of tractor-related deaths in North 
Carolina from 1979 to 1988. Journal 
of Rural Health 1999;15(3):285-295; 
doi:10.1111/j.1748-0361.1999.tb00750.x

3.  llmarinen J. The ageing workforce—chal-
lenges for occupational health. Occu-
pational Medicine 2006;56(6):362-364; 
doi:10.1093/occmed/kql046 

4.  Villosio C, Di Pierro D, Giordanengo A, 
Pasqua P, Richiardi M. Working conditions 
of an aging workforce. Dublin: European 
Foundation for the Improvement of Living 
and Working Conditions; 2008

5.  Mayhorn CB, Rogers WA, Fisk AD. Design-
ing technology based on cognitive aging 
principles. In: Kwon S, Burdick BC, editors. 
Gerotechnology: Research and Practice in 
Technology and Aging. New York: Springer; 
2004; pp 42-53

6.  Sprince NL, Zwerling C, Lynch CF, Whitten 
PS, Thu K, Logsden-Sackett N, Burmeister 
LF, Sandler DP, Alavanja MC. Risk fac-
tors for agricultural injury: a case-control 
analysis of Iowa farmers in the Agricultural 
Health Study. Journal of Agricultural Safety 
and Health 2003;9(1):5–18

7.  Gelberg KH, Struttmann TW, London 
MA. A comparison of agricultural injuries 

between the young and elderly: New York 
and Kentucky. Journal of Agricultural Safety 
and Health 1999;5(1):73-81

8.  Janicak CA. Occupational fatalities to work-
ers age 65 and older involving tractors in 
the crops production agriculture industry. 
Journal of Safety Research 2000;31(3):143–
148; doi:10.1016/S0022-4375(00)00032-3

9.  Lundquist P, Gustafsson B. Accidents and 
accident prevention in agriculture: A review 
of selected studies. International Journal of 
Industrial Ergonomics 1992;10(4):311-319; 
doi:10.1016/0169-8141(92)90098-K

10. Sullivan P, Hellerstein D, Hansen L, Johans-
son R, Koenig S, Lubowski R, McBride 
W, McGranahan D, Roberts M, Vogel 
S, Bucholtz S. The conservation reserve 
program: Economic Implications for rural 
America; 2004; www.ersusda.gov/Publica-
tions/AER834/; retrieved July 10, 2010

11. Myers JR, Snyder KA, Hard DL, Casini VJ, 
Cianfrocco R, Fields J, Morton L. Statistics 
and epidemiology of tractor fatalities - a 
historical perspective. Journal of Agricul-
tural Safety and Health 1998;4(2):95-108 

12. Hard DL, Myers JR, Gerberich SG. Traumat-
ic injuries in agriculture. Journal of Agricul-
tural Safety and Health 2002;8(1):51-65 

13. Alexe DM, Petridou E, Dessypris N, Sken-
deris N, Trichopoulos D. Characteristics of 
farm injuries in Greece. Journal of Agricul-
tural Safety and Health 2003;9(3):233-240 

14. Hagel L, Dosman JA, Rennie DC, Ingram 
M, Senthilselvan A. Effect of age on 
hospitalized machine-related farm injuries 
among the Saskatchewan farm population. 
Journal of Agricultural Safety and Health 
2004;10(3):155-162 

15. Pratt SG, Kisner SM, Moore PH. Machin-
ery-related fatalities in the construction 
industry. American Journal of Industrial 
Medicine 1997;32(1):42-50; doi:10.1002/
(SICI)1097-0274(199707)32:1<42::AID-

them from injury. Older farmers can learn 
to use new technology, provided the benefit 
is high enough to them36, but what would 
cause them to invest both time and other 
resources into such a change? Some coun-
tries, such as Sweden, have eliminated the 
cost-benefit analysis by farmers by mandat-
ing tractor safety features on small farms37. 
Such laws have significantly reduced acci-
dent rates and cost to the government from 
accident related healthcare costs38. It is un-
known how different cultures, such as the 
independent attitudes of the farmers in our 
focus groups, would tolerate such mandates.

In general, applied research can address 
many questions critical to keeping older 
farmers safe. We have provided recommen-
dations in each area of research based on 
our data. Finally, the solutions uncovered 
by human factors researchers and profes-
sionals need to be disseminated to the farm-
ing populations in formats that are accept-
able, understandable, and lead to adoption 
of equipment and techniques39. Through 
these efforts we hope to improve the quality 
of work-life for older farmers, reduce acci-
dents, and understand more about human-
machine interaction.



372011 Vol. 10 No 1

H u m a n  f a c t o r s  &  f a r m i n g

AJIM6>3.0.CO;2-T
16. Smallfield S, Anderson AJ. Addressing agri-

cultural issues in health care education: An 
occupational therapy curriculum program 
description. The Journal of Rural Health 
2008;24(4):369-374; doi:10.1111/j.1748-
0361.2008.00183.x 

17.  Sacks K, Cawley JC, Homce GT, Yenchek 
MR. Feasibility study to reduce injuries and 
fatalities caused by contact of cranes drill 
rights and haul trucks with high tension 
lines. IEEE Transactions on Industry Ap-
plications 2001;37(3):14-919; doi:10.1109/
IAS.1999.799963

18. Solomon C. Accidental injuries in agricul-
ture in the UK. Occupational Medicine 
2002;52(8):461-466; doi:10.1093/occ-
med/52.8.461

19. NIOSH Fatality Assessment and Control 
Evaluation (FACE) Program National Insti-
tute for Occupational Safety and Health 
(NIOSH) Division of Safety Research; 2008; 
www.cdc.gov/niosh/face/; retrieved July 10, 
2010

20. Garson GD. Cluster Analysis; 2010; http://
faculty.chass.ncsu.edu/garson/PA765/cluster.
htm; retrieved February 15, 2009

21. McDowd JM. Inhibition in attention and 
aging. The Journals of Gerontology: 
Series B 1997;52(6):265-273; doi:10.1093/
geronb/52B.6.P265

22. Ship JA, Weiffenbach JM. Age gender 
medical treatment and medication ef-
fects on smell identification. Journals of 
Gerontology 1993;48(1):6-32; doi:10.1093/
geronj/48.1.M26 

23. Fozard JL, Vercruyssen M, Reynolds SL, 
Hancock PA, Quilter RE. Age differences 
and changes in reaction time: the Baltimore 
longitudinal study of aging. Journal of Ger-
ontology 1994;49(4):179-189; doi:10.1093/
geronj/49.4.P179 

24. Wogalter MS, Mayhorn CB. Providing cog-
nitive support with technology-based warn-
ing systems. Ergonomics 2005;48(5):522-
533; doi:10.1080/00140130400029258

25. DeJoy DM. Attitudes and beliefs. In: Wogal-
ter MS, DeJoy DM, Laughery KR, editors. 
Warnings and risk communication: Guid-
ance for healthcare facilities. Philidelphia: 
Taylor & Francis; 1999; pp 186-216

26. Springfeldt B. Roll-over of tractors: in-
ternational experiences. Safety Science 
1996;24(2):95-110; doi:10.1016/S0925-
7535(96)00069-0 

27. EPA Pesticide Safety Training for Workers 
and Handlers. Federal Register: January 11 
1995;60(7):2820-2852

28. Wilkinson TL, Beer SR, Field WE. Measure-
ment of operator exposure to power take-

off driven augers. Journal of Agricultural 
Safety and Health 2005;11(3):301-314 

29. Voaklander DC, Hartling L, Pickett 
W, Dimich-Ward H, Brison RJ. Work-
related mortality among older farmers 
in Canada. Canadian Family Physician 
1999;45(12):2903–2910

30. Whitman SD, Field WE. Assessing senior 
farmers’ perceptions of tractor and machin-
ery-related hazards. Journal of Agricultural 
Safety and Health 1995;1(3):199-214

31. Dalziel JR, Job RFS.  Motor vehicle ac-
cidents, fatigue and optimism bias in taxi 
drivers.  Accident Analysis & Prevention 
1997;29(4):489-494; doi:10.1016/S0001-
4575(97)00028-6

32. Dejoy, DM. The optimism bias and traffic 
safety.  Proceedings of the Human Factors 
and Ergonomics Society 1987;31(7):756-759

33. Perloff, R. Third person effect research 
1983-1992: A review and synthesis.  Inter-
national Journal of Public Opinion Research 
1993;5(2):167-184; doi:10.1093/ijpor/5.2.167

34. Adams A, Bochner S, Bilik L.The effective-
ness of warning signs in hazardous work 
places: Cognitive and social determinants. 
Applied Ergonomics 1998;29(4):247-254; 
doi:10.1016/S0003-6870(97)00047-1

35. Agricultural Resource Management Survey 
(ARMS). Farm Business and Household 
Survey Data: Customized Data Summaries; 
2008; www.ers.usda.gov/Data/ARMS/; 
retrieved October 13, 2010

36. Melenhorst AS, Rogers WA, Bouwhuis DG. 
Older adults’ motivated choice for tech-
nological innovation: evidence for benefit-
driven selectivity. Psychology and Aging 
2006;21(1):190-195; doi:10.1037/0882-
7974.21.1.190

37. Springfeldt B, Thorson J, Lee BC. Sweden’s 
thirty-year experience with tractor rollovers. 
Journal of Agricultural Safety and Health 
1998;4(3):173-180 

38. Kelsey TW, Jenkins PL. Farm tractors 
and mandatory roll-over protection 
retrofits: Potential costs of the policy in 
New York. American Journal of Public 
Health 1991;81(7):921-923; doi:10.2105/
AJPH.81.7.921

39. Estill CF, Baron S, Steege AL.  Research 
and dissemination needs for ergonom-
ics in agriculture. Public Health Reports 
2002;117(5):440-445

40. McLaughlin AC, Fletcher LA, Sprufera J. 
The aging farmer: human factors research 
needs in agricultural work. Proceedings of 
the Human Factors and Ergonomics Society 
53rd Annual Meeting. Santa Monica: Hu-
man Factors and Ergonomics Society; 2009; 
pp 2030-2034


