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HIGHLIGHTS 
 Despite a response rate of about 18%, there was scant evidence of nonresponse bias. 
 Farm and ranch characteristics of operations responding to a mailed survey were similar 

to those not responding. 
 Responders were significantly more likely to be married but only slightly older and 

more educated than nonresponders. 
 Earlier survey responders reported more injuries and greater severity when injured com-

pared to later responders. 

ABSTRACT. Nonresponse bias in a survey can result in misleading estimates of agricul-
tural injuries and can misdirect prevention efforts aimed at reducing the burden of injuries 
on farmers. Responders (n = 2,977) and nonresponders (n = 13,849) were compared based 
on demographics and agricultural production characteristics to identify underrepresented 
subgroups. Injury characteristics were compared between early (n = 1,667) and late (n = 
1,309) responders. Methods accounted for correlated data, sample size inflation of p-val-
ues, and assessment of meaningful differences. Few differences were identified between 
responders and nonresponders. Responders differed from nonresponders by state of resi-
dence, and responders were more likely to be married. Other characteristics (age, gender, 
education, farm size, crops grown, animals raised) were similar across groups. Early re-
sponders reported more injuries and more often sought medical care for an injury than 
late responders. The differences identified between responders and nonresponders were 
minimal and not likely to create bias. Differential reporting of injury and injury severity 
between early and late responders is worthy of further investigation. 

Keywords. Agriculture, Epidemiologic methods, Farm, Injury, Nonresponse bias, Occupa-
tional health, Ranch, Safety, Surveillance, Survey. 

apturing agricultural injuries in a surveillance system is a challenge when survey 
response rates have declined over the past four decades (Brick and Williams, 2013; 
Galea and Tracy, 2007; Kreuter, 2013; Morton et al., 2012). A census approach to 

collecting agricultural injury data is not feasible, making randomization in the collection 
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of farm data important to validity. However, randomization fails in the presence of nonre-
sponse. Random sampling is the foundation of inferential statistics, ensuring that any im-
portant differences between the sample and the population are distributed non-differen-
tially across participants. Nonresponse can create impactful differences between the sam-
ple and the population that the surveillance data is attempting to represent. However, a low 
response rate does not necessarily suggest the presence of nonresponse bias (Groves, 2006; 
Groves and Peytcheva, 2008; ’t Mennetje et al., 2011). There are many reasons for response 
propensity, i.e., the likelihood that a survey recipient will respond, and they may or may 
not be associated with the survey variables. Whether bias exists depends on the correlation 
between the variables under study and the response propensity. 

Agricultural injury and disease data are necessary for monitoring changes in the health 
and safety of farmers and farm workers. Assessment of the burden of injury and disease is 
the first step in burden, need, and impact (BNI), the evidence-based method of prioritizing 
research funds developed by the National Institute of Occupational Health and Safety 
(NOSH) (Felknor et al., 2019). The validity of injury surveillance data is uncertain because 
of a lack of reporting on the assessment of nonresponse bias for agricultural health and 
safety surveys. 

The studies that have been published on nonresponse bias were primarily undertaken in 
the 1980s through the 2000s. An occupational study of nonresponders in a sample of 
10,000 New Zealanders found that younger individuals responded at significantly lower 
rates than older individuals (’t Mennetje et al., 2011). Housewives, unemployed, retired, 
and indigenous people were underrepresented in the responders, which is not likely to cre-
ate a bias in a study examining workplace exposures and diseases. After an initial mailing 
and a follow-up phone call (37% response rate), no significant differences in exposure 
(dust, oil/solvents, and pesticides) or health outcomes (asthma, sleep problems, lower back 
pain) were observed after comparing the crude prevalence rates based on actual survey 
responses to a weighted prevalence rate based on nonresponse. An examination of early 
and late responders showed no significant differences. 

Socioeconomic status, demographic factors, and health status have been consistently 
observed to differ between responders and nonresponders (Heilbrun et al., 1991; Linnen-
kamp et al., 2020; Tolonen, et al., 2005). A 1976 study among nurses, with a response rate 
of 69.7%, found a 5% greater response rate among those who were younger (Barton et al., 
1980). There was a slightly greater response rate among those with academic degrees, but 
no differences in employment status or state of residence. The authors speculated that the 
more homogeneous the target population, the lower the potential of response bias, but no 
formal studies have addressed this speculation. 

Age is the most consistent difference in response propensity. A survey of 21,889 indi-
viduals designed to estimate the prevalence of disability in England found that response 
patterns differed by age group for those with a disability (Tennant and Bradley, 1991). In 
an initial mailing and three follow-up mailings (response rates of 57%, 73%, 81%, and 
88%), disabled respondents ages 16 to 64 tended to respond sooner than disabled respond-
ents over 64 years of age. The response for the over 64 group was relatively constant across 
follow-up requests. Reluctance to return a survey might be a function of both disease status 
and age, but regardless of age, additional follow-ups greatly increased participation. 

In several studies of nonresponse bias of respiratory disease outcomes, younger male 
smokers had an increased probability of being nonresponders (Hazell et al., 2009; Kota-
niemi et al., 2001; Ronmark et al., 2009). In studies of nonresponse of osteoporosis surveys 
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conducted in 1991 and 1995, biases were minimal. Nonresponders were older and less 
healthy than responders (Heilbrun et al., 1991). Early responders reported fewer risk fac-
tors for osteoporosis, more indicators of better health (less smoking, more exercise), and 
were more likely to have suffered a previous fracture than those responding later (O’Neill 
et al., 1995). The differences were less than 10% and did not alter the risk estimates for 
osteoporosis. However, those studies often assumed that late responders were similar to 
nonresponders when estimating effects of nonresponse. It is unclear whether this assump-
tion is reasonable and whether it holds for an occupational health study of farmers. 

The Central States Center for Agricultural Safety and Health (CS-CASH) conducted sur-
veillance from 2011 to 2015 in collaboration with the USDA National Agricultural Statistics 
Service (NASS). Stratified random samples by state (Iowa, Kansas, Minnesota, Missouri, 
North Dakota, Nebraska, and South Dakota) were drawn by NASS from farm operations 
that responded to the most recent Census of Agriculture survey. The average response rate 
in the five annual surveys (n = 34,777 mailed out) was 32% (Johnson et al., 2021). 

In 2018, CS-CASH updated and administered the Farm and Ranch Health and Safety Sur-
vey (FRHSS) in-house. A stratified random sample by state was then drawn by Farm Market 
iD (FMiD) from its database using two inclusion criteria: (1) the farm/ranch operation has an 
email address, and (2) the gross farm income (GFI) is at least $5,000. These criteria were 
applied to enable online surveys and to focus on active farm operations versus retired, dis-
continued, rural residence/acreage, land rented out, and other types of operations with low 
incomes from farming. The 2018 survey administered by CS-CASH demonstrated a lower 
response rate (19% vs. 32%) but a much higher injury rate (15% vs. 7%) compared to previ-
ous surveys administered by NASS, making it important to assess potential biases. 

Including smaller farms is important to fully characterize farm injuries because 90% of 
U.S. farms are small family farms with less than $350,000 in gross cash farm income (Whitt 
et al., 2019). It is important to understand whether smaller farms are represented in the 
responders or whether there is a bias in favor of larger, better resourced farms because the 
risk of injury is likely to differ in important ways depending on farm characteristics. It is 
also important to assess demographic factors because personal characteristics such as age, 
gender, and education have been shown to be associated with injury (Dimich-Ward et al., 
2004; Lizer and Petrea, 2008; Zwerling et al., 1995). 

The smallest farms (<$5,000 total sales) represented 47.8% of the 2017 Ag Census op-
erations (NASS, 2019) but only 19.1% of the respondents and 16.7% of the injury cases in 
the surveys administered by NASS during 2011 to 2015. The percentage of operations us-
ing internet access for day-to-day decision making was 76%, while the percentage of op-
erations with an email address was not addressed in the 2017 Ag Census (NASS, 2019). 
A direct comparison between the Ag Census population and the FMiD database population 
after applying the two inclusion criteria cannot be made, but it could be assumed that ap-
proximately half of the farms in the 2018 FMiD data would not meet the two inclusion 
criteria. Due to low response in the <$5,000 sales category, the loss in potential responses 
in the 2018 survey is likely similar to the proportion of small farms that responded to the 
2011-2015 surveys (19.1%). 

This study was undertaken to better understand the quality of the surveillance data being 
collected. The primary objectives of this study were to (1) determine whether responders 
and nonresponders differed by demographic characteristics (state, gender, age, education, 
marital status, family size); (2) determine whether farm or ranch operator responders and 
nonresponders differed by farm type, size, or income level; and (3) determine whether 
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reported injuries among those who responded early differed from those who responded 
later, assuming that late responders are more similar to nonresponders than to early re-
sponders. 

Materials and Methods 
Study Sample 

The sampling frame was obtained from Farm Market iD (FMiD, now DTN, 
https://www.dtn.com/agriculture/agribusiness/), a supplier of farm and grower data to ag-
ribusinesses, with over 2.4 million active agricultural operations in its database. The num-
ber of farm operations in the 2017 Census of Agriculture was 2.0 million (NASS, 2019). 
With differences in data collection and inclusion methods, FMiD’s database is estimated 
to cover 95% of farms represented in the Ag Census in the CS-CASH surveillance region 
and nationally. A stratified random sample of at least 2,500 farms per state from Iowa, 
Kansas, Minnesota, Missouri, North Dakota, Nebraska, and South Dakota was requested 
from FMiD. The initial sampling frame included 22,440 farms in the CS-CASH region. As 
mentioned above, the inclusion criteria were having an email address and an estimated GFI 
of $5,000. The survey sample was reduced randomly to a maximum of 2,500 farm opera-
tions per state (n = 16,826), and these operations were contacted by letter in May 2018, 
asking them to complete and return the survey form (fig. 1) with a follow-up mailing to 
nonresponders in July 2018. Late responders were those who returned the survey on the 
second request, all of which were received after July 31, 2018. Data collection continued 
until November 2018. A total of 2,977 surveys were returned, resulting in a 17.7% response 
rate; 13,849 operations did not return a survey. 

The surveillance research plan was reviewed by the University of Nebraska Medical 
Center institutional review board (IRB), which determined this surveillance research to be 
exempt (not human subjects research) (No. 452-11-EX). 

Measures 
Demographic Variables 

Using the demographic data available from FMiD, we assessed differences in state of 
residence, gender, age, education, marital status, and number of children on the farm. Rec-
ords in the FMiD database contain company names rather than individual names, resulting 
in missing data for some items. Gender was coded as female = 0 and male = 1; ambiguous 
responses and company names were coded as missing. Age was a continuous variable in 
the analysis. Education was coded as completed high school, completed college, completed 

Figure 1. Survey sample drawn from Farm Market iD database in each response category, 2018. 
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graduate school, or attended a vocational or technical school. This variable was recoded 
into completed high school or attended vocational or technical school = 0 and completed 
college or graduate school = 1. Marital status was coded as single = 0 and married = 1, 
where single included inferred single, and married included inferred married. Number of 
children was a measure of family size where the operation was a family farm. 

Farm Characteristic Variables 
The 2018 FMiD data contained 56 farm production categories, some for single product 

types and some for combinations of products. For example, corn and soy were asked about 
separately and combined. The product responses were marked as either present or absent 
on the farm. To reduce the number of variables with sparse data, farm products were in-
cluded if more than 30% of farm operations reported them as a farm product. Most com-
modities were reported as commonly produced or not at all. The result was 15 farm prod-
ucts retained for the nonresponse bias analysis. We used GFI as a measure of farm profit-
ability. As a measure of farm size, we compared the number of planted acres and the num-
ber of acres harvested with a combine (combineable) between responders and nonrespond-
ers. We also compared the herd sizes of cattle between responders and nonresponders. 

Farm Injury-Related Factors in Early and Late Responders 
The FRHSS collects information for up to three operators per farm, including injury and 

illness outcomes, common agricultural exposures, and preventive measures. The unit of 
analysis for this study was the individual farmer identified in the survey as the person re-
sponding on behalf of the farm. We asked farm operators: “What percentage of this oper-
ator’s work time was spent working on the farm/ranch in past 12 months?” with response 
categories of 0% to 24%, 25% to 49%, 50% to 74%, 75% to 99%, and 100%. Three injury 
and exposure questions were used to assess potential nonresponse bias: (1) How many farm 
injuries occurred to each operator in the past 12 months? (responses: 0, 1, 2, or 3 or more); 
(2) What professional medical care did this [most serious] injury require? (responses: none, 
doctor or clinic visit, hospitalization); and (3) When exposed to high levels of air contam-
inants at work, what percentage (%) of that time did the operator use proper respiratory 
protection (including N95 dust mask, half mask with dust/gas filters)? The date of July 31 
was used to separate early responders from late responders. We conducted a sensitivity 
analysis and excluded 53 surveys received between July 24 and August 8 to assess whether 
larger differences between early and late responders altered our results. 

Data Analysis 
The many challenges of understanding nonresponse bias include assessing meaningful 

differences in responses because the p-values generated by statistics are more likely to be 
significant for large samples than for smaller samples (Good, 1980). Using p-values from 
traditional statistical tests will find differences due to the differing distributions of the p-
value under the null and alternative hypotheses (Good, 1980, 1982; Mudge et al., 2012). 
There is also the problem of multiple testing of many correlated variables when making 
comparisons to assess differences between responders and nonresponders. In this study of 
nonresponse bias, we used principal component analysis (PCA) followed by a multivariate 
Kruskal-Wallis test to examine differences in farm production characteristics among re-
sponders and nonresponders. We used equivalence testing to assess meaningful differences 
in continuous farm and demographic variables. 
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We standardized the confidence level, alpha (), to adjust for the large sample size of 
n = 16,826 in the responder/nonresponder analysis and n = 4,333 in the early/late responder 
analysis (Good, 1982). Therefore, the level of confidence used in these analyses for deter-
mining statistical significance was set at  = 0.004 for the responder/nonresponder analysis 
and  = 0.01 for the early/late responder analysis. With the exception of equivalence testing 
(Berger and Hsu, 1996), which was conducted in R (ver. 4.0.3, R Foundation), the demo-
graphic variables were analyzed using SAS (ver. 9.4, SAS Institute, Cary, N.C.). Multivar-
iate normality was tested using the R package MVN (Korkmaz et al., 2014), and the farm 
characteristics comparisons were conducted in R using the micompr package (Fachada et 
al., 2016). 

State of residence. We used the chi-square test to assess overall differences in state of 
residence of responders and nonresponders. Statistically significant differences were ex-
pected because CS-CASH has a greater presence in Nebraska. We calculated conditional 
probabilities to assess the likelihood of being a responder given residence in a certain state. 

Gender, marital status, educational level, and number of children. Categorical demo-
graphic variables were tested using a chi-square test and an adjusted  = 0.004. 

Age. Age was a normally distributed variable in each response category, so a two-sam-
ple independent t-test was used to assess statistically significant differences. It was ex-
pected that differences would be identified, given the large sample size, so further analysis 
was conducted using equivalence testing (Berger and Hsu, 1996). The distribution in each 
of the groups was normally distributed, allowing two one-sided t-tests to be used to test 
whether the differences in ages were within five years. Five years was used because it is 
not a large enough spread to show differences in injury rates; most farm injury studies use 
wider ranges for age categories. 

Farm income. Quantile-quantile (Q-Q) plots showed normality of the GFI variable after 
a natural log transformation. Values deviated from the Q-Q diagonal at very low farm in-
comes. Means and standard deviations (SD) are reported on the natural log scale, and the 
variances were considered to be unequal in a t-test. 

Farm characteristics. We first checked for multivariate normality to assess whether a 
parametric or non-parametric method best fit the data distribution. The number of acres 
planted and the number of combineable acres were compared between responders and non-
responders using a two-sample non-parametric Wilcoxon approximation to the t-test due 
to being both positively skewed and kurtotic. With the goal of assessing farm characteris-
tics as a cluster of correlated farm products where we could simultaneously compare a set 
of farm features among the two groups, we used PCA followed by a non-parametric Krus-
kal-Wallis multivariate analysis of variance (MANOVA) (Fachada et al., 2016; Langsrud, 
2002). This method requires that the features be on the same scale. The crop variables were 
measured in number of acres and the animal variables were measured in herd size, requiring 
that these groups be analyzed separately. The first step in this approach is to replace the 
original set of variables with a few principal components that explain a desired amount of 
the variance in the sample. PCA converts multivariate responses into a set of linearly un-
correlated measures, with the algorithm selecting the features that best explain the sample 
differences. Where we had significant results in univariate Kruskal-Wallis tests, we calcu-
lated the eta-squared (2) statistics to assess effect sizes (Tomczak and Tomczak, 2014). 

Farm Injuries. Differences in the number of operators on the farm, percentage of time 
each operator spent doing farm work, number of injuries on the farm in the past 12 months, 
the medical care required for the most serious injury, and the percentage of time using 
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personal protective equipment (PPE) when exposed to air contaminants were assessed us-
ing the chi-square test and Cochran-Armitage test for trends when a trend was suggested 
in ordinal variables. This analysis was done by operator and not by farm to capture injuries 
to all operators working on the farm and because the operator is the unit of analysis in 
published reports. 

Results 
Demographic Variables 

Responders significantly differed from nonresponders by state of residence (p < 0.0001) 
(table 1). As expected, the highest response rates were in Nebraska and Iowa, where CS-
CASH has a greater presence. The probability of responding was 0.27 if residing in Ne-
braska and 0.22 for Iowa; the remaining states ranged from probabilities of 0.13 to 0.17. 
Awareness of CS-CASH and its host, the University of Nebraska Medical Center, is the 
most likely explanation for these differences; response propensity was higher for those who 
were familiar with CS-CASH. 

There were no statistically significant differences between responders and nonrespond-
ers for gender or number of children on the farm. However, responders were significantly 
more likely to be married than nonresponders (p = 0.0006) (table 1). The odds ratio for 
responding to the survey for those who were married compared to unmarried was 1.28 
(99.6% confidence interval 1.04, 1.58), which is significant at  = 0.004. Responders were 
also more likely to have completed college or graduate school compared to nonresponders 
(p = 0.01), but this did not reach statistical significance. 

Table 1. Demographic differences for responders (n = 2,977) and nonresponders (n = 13,849) in the survey 
sample extracted from the Farm Market iD database, 2018.[a] 

Demographic Characteristics Responders Nonresponders 
State of residence *** (n = 2,977) (n = 13,849) 
 Iowa 550 (18.5) 1,953 (14.1) 
 Kansas 352 (11.8) 2,126 (15.4) 
 Minnesota 437 (14.7) 2,061 (14.9) 
 Missouri 235 (7.9) 1,611 (11.6) 
 North Dakota 334 (11.2) 2,166 (15.6) 
 Nebraska 665 (22.3) 1,836 (13.3) 
 South Dakota 404 (13.6) 2,096 (15.1) 
Gender (n = 2,906) (n = 13,500) 
 Female 167 (5.8) 847 (6.3) 
 Male 2,739 (94.2) 12,653 (93.7) 
Education level * (n = 2,104) (n = 9,897) 
 High school/trade school 1,330 (63.2) 6,553 (66.2) 
 College graduate or higher 774 (36.8) 3,344 (33.8) 
Married ** (n = 2,270) (n = 10,054) 
 No 250 (11.0) 1,377 (13.7) 
 Yes 2,020 (89.0) 8,677 (86.3) 
Number of children (n = 1,382) (n = 6,607) 
 1 834 (60.3) 3,809 (57.6) 
 2 238 (17.2) 1,242 (18.8) 
 3 158 (11.4) 808 (12.2) 
 4 148 (10.7) 741 (11.2) 
 5 4 (0.3) 7 (0.1) 
[a] Values are means (percentages in parentheses). Asterisks indicate statistically significant differences  

between responders and nonresponders: * (p < 0.05), ** (p < 0.001), and *** (p < 0.0001). 
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Responders were significantly older than nonresponders (t = -6.42, p < 0.0001) despite 
the differences between the groups being slight. Equivalence testing showed that the aver-
age age difference between nonresponders (n = 10,522, mean = 59.35, SD = 12.4) and 
responders (n = 2,352, mean = 60.97, SD = 10.7) was -1.62 with a 90% confidence interval 
for a one-sided test of (-2.03, -1.20) and was clearly within the 2.5 equivalence bound 
allowed for a one-tailed test. The small age difference between responders and nonrespond-
ers is not likely to result in bias in assessing injury risk. 

Farm Characteristics 
GFI did not differ significantly between nonresponders (mean = 12.8, SD = 0.96) and 

responders (mean = 12.8, SD = 0.85) (t = -0.66, p = 0.51). The median income was 
$372,250 for nonresponders and $375,411 for responders. Neither the number of planted 
acres (t = -2.64, p = 0.008) nor the number of combineable acres (t = -2.37, p = 0.02) 
significantly differed between responders and nonresponders. 

Two principal components explained nearly all of the variance in crops grown on the 
farms, indicating the homogeneous nature of commodities grown in the region. The first 
principal component explained 78.7% of the variance, and the second explained 13.5%, 
leaving 8% explained by small amounts across the remaining principal components. The 
component that explained the most variance did not differ between responders and nonre-
sponders (p = 0.67), but the second and third components showed statistically significant 
differences. Due to more than 20% of the variance differing by response status, we exam-
ined each crop individually in a non-parametric Kruskal-Wallis test, calculated an effect 
size, and plotted the median values (fig. 2). 

Of the 11 crops, only field corn, corn, and wheat met the criteria of having a p-value 
less than 0.004. The difference in acreage between corn and field corn was less than 
25 acres. Wheat is not shown in figure 2 because the median was zero; 75% of the sample 
had fewer than 100 acres of wheat. The 2 estimates for the effect sizes were all much less 
than 0.01, indicating a small effect size that was not likely to result in nonresponse bias. 

 

Figure 2. Median number of acres for farm crop products for responders and nonresponders to survey
request after an initial mailing and a follow-up mailing, 2018. 
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A single factor explained 93.5% of the variance in the four animal production variables, 
with the second factor explaining 5.33%. The p-value for the association between being a 
responder and nonresponder was 0.76 for the first principal component and 1.00 for the 
second principal component. There were no differences in the medians of animals produced 
between responders and nonresponders in animal production. 

Injury Variables 
A total of 1,667 (56%) farms responded to the first request, and 1,309 (44%) responded 

to the second request. The return date on one survey was undetermined and was excluded 
from the analysis. No significant differences were observed between early and late re-
sponders in the number of primary, second, and third operators working on the farm (ta-
ble 2). There were no statistically significant differences between early and late responders 
in number of reported injuries or percentage of work time spent doing farm work (table 2). 

However, the trend test for the number of injuries suggested that early responders re-
ported a greater number of injuries than late responders (p = 0.002). The median percentage 
of time wearing PPE when exposed to air contaminants was 50% for early and late re-
sponders and ranged from 0% to 100% for both groups (2 = 0.02, p = 0.89). Early re-
sponders were more likely to have visited a doctor or clinic due to an injury than late re-
sponders (p = 0.004) (table 2). For those who reported an injury, 13.2% of early responders 
reported visiting a doctor after an injury, compared to 10.4% of late responders. In the 
sensitivity analysis, excluding 53 who responded one week before or after the July 31 cut-
off date (after July 24 and before August 8), the results remained unchanged. 

Discussion 
Few differences were identified between those who responded to the farm safety and 

health survey and those who did not. Responders were significantly more likely to be mar-
ried, more frequently from Nebraska or Iowa, and slightly younger, and with greater edu-
cation. No differences were observed by gender, family size, farm income, or farm size. 
Only small differences were seen in the types of farm crops produced and are not likely to 
be of sufficient magnitude to cause a bias in effect sizes in the injury and health outcomes 
of interest. Age has not been consistently associated with response propensity and showed 

Table 2. Operator and injury characteristics from early (n = 2,473) and late responders (n = 1,860), 2018.[a]

Operator and Injury Characteristics Early Responders Late Responders 
Operators on the farm 1 1,667 (67.4) 1,309 (70.4) 
 2 620 (25.1) 411 (28.1) 
 3 186 (7.5) 140 (7.5) 
Percentage of work time spent 0% to 24% 1,278 (52.4) 992 (54.5) 
doing farm work 25% to 49% 483 (19.8) 359 (19.7) 
 50% to 74% 259 (10.6) 181 (9.95) 
 75% to 99% 276 (11.3) 182 (10.0) 
 100% 144 (5.90) 105 (5.77) 
Total number of injuries reported * None 2,125 (86.2) 1,641 (89.2) 
 1 276 (11.2) 167 (9.08) 
 2 47 (1.91) 24 (1.31) 
 3 or more 17 (0.69) 7 (0.38) 
Medical care required ** None 2,146 (86.8) 1,667 (89.6) 
 Doctor or clinic visit 327 (13.2) 193 (10.4) 
[a] Values are means (percentages in parentheses). Asterisks indicate statistically significant differences  

between responders and nonresponders: * (p < 0.05), ** (p < 0.01). 
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only a slight difference in this study. Our results are similar to the occupational study of 
10,000 New Zealand workers, in which younger respondents were less likely to respond 
than older respondents (’t Mennetje et al., 2011). 

Consistent with previous studies, age and education may be demographic differences in 
response propensity but may differ by population and outcome under study. Those who 
responded earlier were more likely to have had a serious injury than those who responded 
later. The numbers of injuries reported were similar among the two groups using a cutoff 
date of July 31, and this remained unchanged in the sensitivity analysis. In the trend anal-
yses, early responders reported a significantly greater number of injuries than late respond-
ers. This is suggestive of the osteoporosis study comparing early responders to later re-
sponders, which found more previous fractures in the early responders (O’Neill et al., 
1995). 

Marital status has not been consistently reported as a risk factor for agricultural injury 
(Jadhav et al., 2016), and further clarification of marital status as a risk factor is needed. It 
is unclear why more married individuals responded when gender did not differ between 
responders and nonresponders. Having two people reminding one another to return the 
survey may increase the probability of responding. The 3% difference in being married or 
not married and responding to the survey is not likely to create a bias, but it is worth noting 
that unmarried farmers are likely to be underrepresented in the sample. 

The homogeneity of the farming population in our seven-state region may be an expla-
nation for the lack of evidence of nonresponse bias. As originally observed and tested by 
Wallace (1947), and as speculated by Barton et al. (1980) in their 1976 study of nonre-
sponse among nurses, homogeneity of the sample may reduce bias in mailed question-
naires. Farmers in the midwestern U.S. are likely to be a homogeneous group. The reasons 
farmers may not return surveys are probably unrelated to the survey items and more likely 
reflect a dislike of surveys in general. Farmers experience time pressures and are independ-
ent thinkers. Many may feel as if the survey is intrusive, and they may not feel an obligation 
to divulge personal information about their farm operations. It is likely personality and 
psychological factors that result in whether a farmer returns a survey. It may also be the 
case that those who returned the survey have experienced a work-related injury or health 
issue and have an interest in sharing their story. They may have a greater concern for health 
and safety. It is unclear whether the late responders with fewer serious injuries are more 
similar to nonresponders, and there is no easy way to answer this question. 

This study used several approaches to working with large samples and correlated data. 
Even after adjusting the p-value for the different distributions under the null and alternative 
hypotheses, the differences identified were not of large magnitude. It is not understood how 
different some of these farm characteristics need to be between responders and nonre-
sponders to make a difference in risk estimates of injury and health outcome data. Deter-
mining what is a meaningful difference would require a more thorough investigation and 
would be a challenging undertaking. The 50-50 MANOVA approach simplified the analy-
sis by providing data reduction for a number of highly correlated crop and animal variables. 
About 78% of the variance in crop production was accounted for in a single dimension, 
demonstrating the similarity of farming operations in the region. The remaining differences 
were significant but did not appear large enough to have an effect on injury risk estimation. 
These methods work well for large, correlated samples. 

Equivalence testing is an approach that is useful but underused. Testing for whether a 
mean difference is equal to zero is not a useful exercise because differences will never be 
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zero and will be statistically significant for large samples. Testing whether a value falls 
within a predefined range is useful when testing for meaningful differences. 

There are inherent limitations to this type of study. It is not possible to address the ques-
tion of whether injuries are different between responders and nonresponders, and we have 
no information on whether nonresponders are similar to late responders. Operators with a 
recent injury might have been more likely to recall the injury when responding to the sur-
vey, or operators who experienced any injury might have a higher response propensity than 
those who did not experience an injury. In this study, 44% of the responders were late 
responders, so it is a leap to assume that this 44% was far different from the 56% who 
responded earlier. It is likely that the nonresponders differ in ways that cannot be ade-
quately measured. Using a single time point as the cut-off date is not ideal because some 
of the surveys differed by only a day or two around the cut-off date. A sensitivity analysis 
without observations close to the cut-off date is helpful in examining the robustness of the 
early versus late responder comparison. 

Farms were excluded in the initial sampling plan. The requirement of having an email 
address and at least $5,000 in GFI resulted in some farms being excluded, but it also pre-
vented residential acreage and small farms with no active production from being included 
in the sample. The FMiD sampling frame contains 95% of the USDA Ag Census farms, 
and FMiD covers a relatively large number of farms that are not counted in the Ag Census. 
However, there is a time lag in updating large databases to reflect the changing farming 
environment, including sales of farmland and changes in production. These types of 
changes may result in the survey not reaching its intended target and may account for a 
small number of the nonresponses. 

A possible solution to the state differences is oversampling in states other than Nebraska 
and Iowa. Other problems are more difficult to resolve. For this study, if the late responders 
resemble the nonresponders, there is evidence that serious injuries are overrepresented in 
the surveillance system. Injured operators who sought medical care were more likely to 
respond than those who did not seek care, but we do not know whether it was injury sever-
ity or the need for medical care that resulted in earlier responding. In addition, there is 
always the concern that individuals do not respond due to poor health or having had a 
serious injury related to farm work. This makes supplementing the surveillance data with 
other sources of records important to assess what might be missing (Earle-Richardson et 
al., 2011; Kica and Rosenman, 2020). 

The future directions for documenting the validity and representativeness of the FRHSS 
will involve obtaining data from hospital discharge records, emergency room visits, and 
emergency medical transport services. Fatal injuries in agriculture, as in other industries, 
are enumerated by the Bureau of Labor Statistics in the Census of Fatal Occupational In-
juries (CFOI). The CS-CASH surveillance program includes media monitoring of fatal and 
serious injury incidents reported in the media. This system identifies similar numbers of 
fatality cases as the CFOI, so there is some certainty that fatal injuries are well documented 
in agriculture in the CS-CASH region. 

Conclusions 
We found no evidence that nonresponse bias was compromising the quality of the prev-

alence estimates calculated from the surveillance system for agricultural injuries. With re-
sponse rates in surveys continuing to fall and greater incentives becoming necessary to 
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solicit responses, it is important for the integrity of these estimates to understand who might 
not be represented in the surveillance system data. Future research should assess whether 
late responders are more similar to nonresponders, or whether they are a group with their 
own set of response characteristics. 
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