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Abstract

While non-observance of safety instructions in working with tractors is one of the causes of financial and human losses in

the world's agricultural sector, this study was conducted to explore factors influencing safety behavior of farmers in working

with tractors through the lens of the health belief model. A cross-sectional survey was applied for studying 250 Iranian trac-

tor-owner  farmers  who  were  selected  using  stratified  random sampling  technique.  Data  were  collected  using  a  question-

naire. Results indicated that the most of farmers do not pursue proper safety instructions while working with tractors. Based

on the findings, the health belief model was able to explain a significant part of the variance of farmers' safety behavior in

working  with  tractors.  Perceived  susceptibility,  perceived  benefits,  self-efficacy,  perceived  severity  and  perceived  barriers

were the significant variables influencing safety behavior. Farmers perceived some barriers on their way to consider the safe-

ty instructions in working with tractor and believed that they do not have high self-efficacy, particularly enough financial

ability to observe these instructions in practice. These findings provide some recommendations for policymakers, as well as

agricultural extension organization to raise their safety behavior about working with tractors.
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Introduction

Agriculture is a dangerous job in terms of its high work-related illness, disasters and mortality rates [1]. Farmers are exposed to all

kinds of accidents and diseases. Although advances in personal protection technologies and awareness of the importance of safety

in the farm have improved the health and well-being of farmers, but the widespread use of equipment, machinery and chemical in-

puts has created a variety of diseases and occupational injuries [2]. According to [3], “the agricultural fatal work injury rate in US

was 22.8 per 100,000 full-time equivalent workers - nearly seven times the all-worker fatal injury rate of 3.4 per 100,000 full-time

equivalent workers”. Similar statistics are found in Canada, where from 1990 to 2012, there were 2324 agriculture related mortali-

ties  in  Canada,  an  average  of  101  mortalities  each  year  [4].  Also,  based  on  the  International  Labor  Organization  [5],  “at  least

170,000 agricultural workers die each year at work”. [6] indicated activities related to agricultural machinery and especially trac-

tors have been the cause of a significant part of these injuries in the agricultural sector.

Tractors, particularly older tractors which lack equipment such as seat belts or driver cabs, are one of the causes of work accidents

in the farms [7]. Riding on tractor for a long time and constantly sitting on non-standard seats, increases the possibility of adverse

accidents when working with this machine. The most common accident is when the driver gets stuck under the tractor when it

overturns to the side or back. Overturning may occur as a result of working on sloping or uneven lands near waterways and ditch-

es, carrying heavy loads, bypassing at high speeds, pulling loads following tractors, or road accidents [8]. Also, noise from working

with the tractor can damage the hearing system. In addition, vibration from sitting on a tractor can cause muscle and skeletal dam-

age.  Accidents caused by working with tractors are not limited to these cases,  but in this regard,  we can also mention accidents

such as  falling while  going up or  down the tractor  and injuries  caused by moving under  the  foliage  of  trees  [9].  Overall,  use  of

machines, including tractors in the agricultural sector, although saving money and time, is always associated with risks to farmers'

health. For example, in 2017 in the United States, 258 deaths were reported among farmers due to occupational accidents, 103 of

which were related to working with agricultural machinery, particularly tractors [10]. In addition, based on a study by [11], trac-

tors are responsible for about 35% of deaths in the Italian agricultural sector.

In Iran, although there are no accurate statistics on workplace accidents in the agricultural sector, but disperse studies have been

conducted in this field. For example, a study by [12] in Bam city in the southeast of Iran showed that in the period from March

2005 to March 2006, about 70 work-related accidents occurred for farmers in this city, about 42% of which were related to work

with agricultural tools, particularly tractors [13]. In Iran, safety and health education in agriculture is not considered as much as

the industrial sector and most farmers are not covered by occupational health. In addition, the level of communication between oc-

cupational health units and the agricultural  sector is  much lower than the relationship between these units and other industries

[14]. This is while; paying attention to safety issues on the farm is not only a moral obligation, but also an executive and produc-

tive necessity [13].

Based on a study by [15], one of the most important structural problems in rural environments that lead to work-related accidents

in these areas is the lack of knowledge and inappropriate safety behaviors among individuals. If farmers follow the safety tips, work-

ing with agricultural equipment is not dangerous. Even though, safety considerations should be considered in designing and creat-

ing agricultural equipment and machinery, the reduction of work accidents largely depends on recognizing safety behavior of farm-

ers working with this equipment and improving their behavior in various ways [13]. Since the issue of safety in the agricultural sec-

tor in many countries of the world has been neglected and unknown compared to the industrial sector, it is the duty of agricultural

researchers to take action to fill the existing research gap. This is especially more evident when working with agricultural machin-

ery, including tractors. Therefore, the present study aims to understand the safety behavior of Iranian tractor-owning farmers in

the use of tractors through the lens of the health belief model (HBM). This approach can help to identify factors affecting safety be-

havior of farmers and provide practical solutions to reduce occupational accidents caused by working with this agricultural ma-

chine.
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Health belief model (HBM) was introduced in the 1950s by U.S. Public Health Service to clarify why people do not take part in the

health prevention programs [16]. The HBM consists of six structures that include “perceived susceptibility”, “perceived severity”,

“perceived benefits”, “perceived barriers”, “self-efficacy” and “cues to action” (Figure 1). Perceived susceptibility is individuals’ sub-

jective perception on the risk of involved an illness [17]. Perceived severity is an individuals’ assessment of the seriousness of the

negative effects of a disease on their life if they engage it [18]. Perceived benefit is individuals’ evaluation of the value to take a pro-

posed act to decrease negative effects of a disease [16]. Perceived barriers are individuals’ perception about the obstacles which are

stand in the way of behavior change [19]. Self-efficacy is the individuals’ confidence in their personal ability to success in an action

to achieve favorable outcomes through dealing with any obstacle in the way that [18]. Cues to action refer to anything that triggers

or reminds people to take action [20].

Figure 1: Health belief model

The HBM has been used in some studies to screen safety behavior of people in dangerous and harmful conditions. [21] applied the

HBM to investigate safety behavior of farmers in using personal protective equipment when working with pesticides.  Results  of

this research indicated six constructs of the HBM including perceived sensitivity, perceived susceptibility, perceived benefits, per-

ceived barriers, self-efficacy and cues to action had significant effects on the farmers' safety behavior. In another study, [22] evaluat-

ed the influence of educational programs based on the HBM on brucellosis preventive behavior among traditional ranchers in ru-

ral areas of Iran. In this study, ranchers were randomly selected and divided into experimental and control groups. The experimen-

tal group received educational intervention through film screening, video and text messages. Results revealed that educational in-

tervention relying the HBM can advance brucellosis preventive behaviors among ranchers. [23] used the HBM to investigate safety

behavior of Nepalese farmers and retailers when handling pesticides.  Results indicated that most farmers did not pursue proper

safety measures in using pesticides, which it was because some barriers such as feeling inconvenient and the unavailability of safety

tools. Also, though the most of retailers were conscious of the negative influences of pesticides on their own, animals, birds, fishes,

and honey bees health, but they lacked the stimulant to accept the required safety measures while handling these chemical poisons.

[24] applied the HBM to evaluate farmers' occupational health behavior. They found that perceived susceptibility, perceived bene-

fits, cues to action, and perceived self-efficacy have significant impact on the farmers' occupational health behavior. Generally, th-

ese studies highlight the potential of the HBM to illustrate safety behavior of people, particularly for investigating farmers' occupa-

tional safety behaviors. Therefore, we used this model as the theoretical framework of present study and according to it, the follow-

ing hypotheses were designed:

H1. More perceived susceptibility will cause more safety behavior.

H2. More perceived severity will cause more safety behavior.

H3. More perceived benefits will cause more safety behavior.

H4. More perceived barriers will cause less safety behavior.
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H5. More self-efficacy will cause better safety behavior.

H6. More cues to action will cause better safety behavior.

Materials and Methods

Participants

A cross-sectional survey was applied for studying farmers’ safety behavior in the use of tractors. Target group was a community of

720 tractor-owner farmers in Kermanshah, a county of Kermanshah province in western Iran. (Figure 2). 250 farmers were select-

ed using stratified random sampling technique.

Figure 2: Study site

The median age of  the partcipants  was about 42 years  with a  standard deviation (SD) of  4.72.  12.87 % were single and 87.20 %

were married. The average working experience of the subjects was 20.56 years (SD= 5.56). The mean farm size was 9.97 (SD= 1.89)

with  minimum  5  and  maximum  15  hectares.  The  average  income  of  the  farmers  was  approximately  33  milion  tomans  (about

$1,178 at the time of the study) (SD= 7). In terms of frequency distribution, 165 people (66 %) had an income between 20 to 30 mil-

lion tomans, 48 people (19.20 %) had an income between 30-40 million tomans, 29 people (11.60 %) had an income between 40-50

million tomans and 8 people (3.20 %) had an income between 50-60 million tomans. A large number of farmers (76.40 %) had a

high school equivalency degree, 4.40 % had elementary level education, 5.20 % had a middle school level education, 4 % had a uni-

versity degree, and 10 % were illiterate.

Data Collection and Analysis Techniques

A structured questionnaire including items to measure the HBM variables and socio-demographic variables was constructed for

data gathering. For designing questionnaire, a wide literature review was conducted on the occupational safety behvior of people,

particularly the studies that considered the HBM as their theoretical model. In order to measurement of the HBM constructs, we

inspired from the  statements  that  were  used in  the  previous  studies  for  measuring  these  constructs  [e.g.  25,  26,  27,  28].  All  the

HBM variables were measuerd on a five-point Likert scale to decrease the statistical problem of extreme skewness. To measue so-

cio-demographic characteristics, questions were asked regarding age, work experience, farm size, income, marital status and educa-

tion level. Then, the questionnaire was discussed with the agricultural researchers and experts so that its questions were examined

in terms of concept, expression and appearance. In the next step, to determine the reliability of the questionnaire, a pilot study was

conducted on 32 tractor-owner farmers outside the statistical sample. Cronbachs’ alpha coefficients for safety behavior, perceived

susceptibility,  perceived severity,  perceived benefits,  perceived barriers,  self-efficacy  and cues  to  action were  0.735,  0.771,  0.715,

0.712,  0.756,  0.789  and  0.762  respectively  which  indicate  the  reliability  of  the  measurement  tool.  Due  to  low education  level  of

some participants, face-to-face interviews were used by the researchers for filling out the questionnaire. The average time required
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to collect data from each tractor-owner farmer was about 40 minutes. SPSS and AMOS software version 21 were applied for analyz-

ing the research data.

Results

Status of Research Variables Among the Participants

According to Table 1, the mean value of safety behavior of the study participants in working with tractor was low (M= 2.36; SD=

0.66). Perceived severity, self-efficacy and cues to action in order with (M= 2.48; SD= 0.92), (M= 2.45; SD= 0.89) and (M= 2.26;

SD= 0.98) also showed low mean values with attention to the range of 1 to 5. The mean values of perceived susceptibility (M= 2.59;

SD= 0.84) and perceived benefits (M= 2.71; SD= 0.61) were moderate, while perceived barriers (M= 3.53; SD= 0.84) had a relative-

ly high mean value among the studied farmers.

Table 1: Mean and standard deviation of research variables

Variables* Mean St.d

Safety behavior 2.36 0.66

Perceived susceptibility 2.59 0.84

Perceived severity 2.48 0.92

Perceived benefits 2.71 0.61

Perceived barriers 3.53 0.84

Self-efficacy 2.45 0.89

Cues to action 2.23 0.98

* The range of all variables was converted to 1-5   

Relationship between Variables

The results of Pearson correlation test in Table 2 indicates a significant positive correlation between safety behavior and the vari-

ables of perceived susceptibility (r=0.34; P<0.01), perceived severity (r=0.69; P<0.01), perceived benefits (r=0.65; P<0.01), self-effi-

cacy (r=0.65; P<0.01), and cues to action (r=0.59; P<0.01). Also, a significant negative correlation (r=-0.39; P<0.01) was observed

between safety behavior and perceived barriers. In sum, the findings reveal significant correlations among farmers' safety behavior

and the HBM constructs.

Table 2: Pearson's Correlation matrix

 1 2 3 4 5 6

1. Perceived susceptibility 1      

2. Perceived severity 0.69**      

3. Perceived benefits 0.29 0.21     

4. Perceived barriers 0.32* 0.28 -0.43**    

5. Self-efficacy 0.11 0.08 0.19 0.07   

6. Cues to action 0.28* 0.36* 0.03 0.06 0.29*  

7. Safety behavior 0.34* 0.69** 0.65** -0.39** 0.65** 0.59**
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Determinants of Farmers' Safety Behavior when Working with Tractors

Structural equation modeling (SEM) analysis was implicated for testing the research hypotheses regarding the effect of the HBM

variables on the safety behavior of tractor-owner farmers. The results of the SEM analysis are indicated in Figure 3. Based on this

figure, the independent and dependent variables of the research were considered as latent variables and in the form of first-order

factor models in the structural equation, and only the items used in the questionnaire to measure each variable were entered into

the structural equation as observed variables. In the SEM, the research model should demonstrate goodness of fit for the experi-

mental data. Table 3 shows the fit indices of the structural equation model of the factors influencing safety behavior among trac-

tors-owner farmers. To have a good fit, the significant value of chi-square should be greater than 0.05. As shown in this table, the

significant value of chi-square is 0.101, which indicates a good fit for the measurement model. Also, the value of variance of the er-

ror of approximation (RMSEA) was 0.051. Since the value of the root mean square error approximation (RMSEA) between 0.03

and 0.08 can indicate a good fit for a model [29], the value obtained for RMSEA shows that the measurement model has a good fit.

In addition, according to Table 3, the value of comparative fit index (CFI) is 0.914, the value of goodness of fit index (GFI) is 0.951,

and the value of normed fit index (NFI) is 0.923. Since according to [30], the acceptable values  for these indicators are above 0.90,

so the measurement model has a good fit.

Table 3: Goodness of fit indices for the HBM

Indices Chi-square (χ2) df Sig. RMSEA CFI GFI NFI

Value 261.12 181 0.101 0.051 0.914 0.951 0.923

Acceptable value - - >0.05 ≤0.08 ≥0.90 ≥0.90 ≥0.90

According to the findings of SEM analysis (Fig. 3), perceived susceptibility (β=0.54; P=0.002) had the most positive effect on the

safety behavior of working with tractors among the studied farmers. After that, two variables, perceived benefits (β=0.48; P=0.001)

and self-efficacy (β=0.43; P=0.001) had the most positive effects on the safety behavior of the studied subjects. Perceived severity

(β=0.39;  P=0.032)  also  had  positive  effect  on  the  safety  behavior  of  tractor-owner  farmers.  While,  perceived  barriers  (β=-0.41;

P=0.025) had a negative and significant effect on the safety behavior of working with tractors among the studied farmers. unlike

some previous studies, cues to action (β=0.14; P=0.21) did not have significant influence on the safety behavior. Overall, the results

of SEM confirmed the study framework in which out of six path coefficients, five of them were statistically significant and could ex-

plain about 0.49% of the changes in tractor safety behavior among the studied farmers.

Discussion

According to the results, farmers showed a low safety behavior when working with tractor. This was while they imagined some bar-

riers on their way to observe the safety instructions in working with tractor and believed that they did not have sufficient self-effica-

cy, particularly enough financial ability to observe these points. As [31] state, perceived barriers as the judgment of the degree of

difficulty of a set of various challenges can prevent implementation of a certain health and safety behavior. Also, as [32] state, self--

efficacy can influence the endeavor individuals put forth to change risk behavior and the insistence to continue striving in spite of

barriers that may decrease motivation. Low self-efficacy of farmers in this study can be a one of the reasons of unfavorable safety

behavior when working with tractors. In addition, findings revealed low average scores for perceived severity and cues to action

among the studied subjects. As [33] and [34] state low perceived severity can lead to low protective behavior.
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Figure 3: Structural equation modeling analysis of factor influencing safety behavior of working with tractor

The results of SEM to explore factors affecting safety behavior when working with tractors indicated that the HBM could predict

about 49% of variance of safety behavior among tractor-owner farmers. Looking the past studies indicates that our study has pre-

dicted an appropriate level of safety behavior and the HBM is a convenient model for prediction of farmers' safety behavior. This is

in line with the results of studies by [21], [24] and [35]. Based on the results, perceived susceptibility was the strongest predictor of

farmers' safety behavior. This finding support H1. The high power of perceived susceptibility among the HBM constructs in pre-

dicting safety behaviors has been confirmed in many studies, including [36], [37] and [38]. This finding emphasizes that farmers

show proper safety behavior when they feel the danger in working with the tractor. In this regard, many studies indicated that in-

tervention based on the HBM influences and raises people susceptibility, so that the probability of risky behaviors decreases [39].

Perceived benefits and self-efficacy were two other variables of the HBM that present study indicated their significant influences

on the safety behavior of working with tractors among the studied farmers. These results while offer support for H3 and H5, re-

spectively, are in congruent with the results of studies by [37] and [40]. These imply that people are motivated to change their be-

havior if they come to the conclusion that there are benefits for them in this behavior change and also they have the facilities, con-

ditions and ability required for this behavior change. Perceived severity was another variable that showed positive effect on the safe-

ty behavior of tractor-owner farmers. This result offer supports H2. Perceived severity refers to individual's belief about the extent

and importance of the threat [41]. This finding is congruent with the results of studies by [42] and [43]. For instance, [42] found

out that perceived severity is a vital factor affecting the protective behavior of women in Morocco. According to the findings, per-

ceived barriers was another significant factor influencing safety behavior of farmers, while its influence was negative. This finding

led us to support H4. Time-consuming of checking all parts of tractor before moving and not having enough financial ability to

equip  the  tractor  with  safety  devices  such  as  bumper  seat  were  among  the  obstacles  that  prevent  proper  safety  behavior  by  the

studied farmers. The negative and significant influence of perceived barriers on the protective and safety behavior has been empha-

sized in various studies such as [44] and [45]. Findings indicated that cues to action was not a significant variable for prediction of

safety behavior of farmers in working with tractor, therefore H6 was rejected. Some previous studies [e.g. 46, 47] have indicated

that cues to action as a behavioral driver may be heterogeneous, and different personal circumstances of people may complicate

the effect of this variable. Therefore, the insignificant effect of cues to action should be more examined.
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Based on the results, it is suggested to consider the following considerations in future policies. Because perceived susceptibility was

the most important constructs influencing safety behavior, providing education programs about the negative consequences of not

following safety tips when working with tractors can improve sensitivity of farmers about the necessity of observing these points in

practice. Since equipping tractors with safety equipment is costly and farmers face various barriers including financial obstacles, it

is suggested that government support farmers by paying subsidies or loans to farmers. However financial support should not be

the only target, but it is essential to focus on removing the perceptual barriers of farmers regarding the importance and benefits of

observing safety points in working with tractors. Finally, present study is not free of limitations, so it opens up the ways for future

research. For example, generalizations of the results should be made with caution because different cultural, social and economic

situations may influence safety behavior of farmers in different societies. This is especially important since not many studies have

been performed on the safety behavior in working with tractors in the agricultural farms.
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