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Abstract. Despite the progressive reduction of agriculture fatalities, accidents 

data is still alarming with 160 deaths per year in Italy, more than 60% of which 

involving tractor rollover with the crushing of the driver for lack of protective 

devices. The folding version of front rollbar (Foldable Rollover Protective Struc-

tures, FROPSs) has been designed to allow tractors to operate in low overhead 

clearance conditions. However, due to the discomfort in FROPS handling, the 

farmers often leave them in the folded-down position. Concerning this unsafe be-

havior and considering the growing female role in agriculture activities, the pre-

sent study aimed to evaluate the perceived difficulty by users in handling the 

FROPS considering: i, gender of the user; ii, front ROPS mass; iii, expertise level 

in using the tractor (expert, casual or novice user) 

Five narrow tractors were evaluated. The tractors were all fitted with front folda-

ble ROPS with a mass ranging from 17 to 55 kg.  

A test panel was selected to perform an evaluation on the handling of foldable 

ROPS. The test panel was composed of 31 operators, 20 men and 11 women. A 

survey was submitted to the test panel and the results were analyzed with Kruskal-

Wallis Test to evaluate if the safety performance of the foldable ROPS were af-

fected by the operator behavior and perception. 

The results denoted a different perception in the front ROPS handling between 

male and female operators. In detail, expert male operators were mainly able to 

perform the front ROPS handling but the ROPS mass affected the operation. For 

the female group, in the manual handling a non-ergonomic design approach was 

clear. 

Keywords: Operator safety, Agriculture, ROPS. 

1 Introduction 

Narrow track tractors are designed for operating mainly in fruit and vine crops where 

the narrow inter-rows require a machine with the ability to travel and provide power to 
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implements in tight clearance areas. Overhead obstacles are often the main problem for 

the normal operation of narrow tractors when fitted with a cab Roll-Over Protective 

Structure (ROPS). For this reason, since the beginning of the 1990s, this tractor type has 

been allowed to have a front foldable ROPS to operate in low overhead clearance areas 

(OECD Code 6, 2022). The foldable ROPS solution was the result of a compromise 

between the provision of rollover protection to the driver in case of tractor overturning 

and the need to operate in narrow orchards and vineyards and to prevent possible inter-

ference and damage of low branches and shoots when travelling. Despite the progressive 

reduction of fatalities in agriculture, accidents data is still alarming with 160 deaths per 

year in Italy (Facchinetti et al., 2021), more than 60% of which involving tractor rollover 

with the crushing of the driver for lack of protective devices. A debate was promoted at 

the international level (OECD, 2013) because of fatal tractor rollover accidents occur-

ring with folded down ROPS (Hoy, 2009; Pessina et al., 2016). The reason was deemed 

to be a potential incorrect use of the foldable ROPS, probably caused by the difficult 

handling in raising and lowering operations due to the heavy weight to be sustained, 

frequently made worse by the discomfort of the operator during the action. The scientific 

community approached the subject over the years. A theoretical model based on the 

two-post ROPS mass and geometrical data for determining the actuation force during 

ROPS raising and lowering operations was developed (Franceschetti & Rondelli, 2019). 

Further studies concluded that the lacks in ROPS rising and lowering actions were con-

sequent to the high force to be exerted and assisting solutions can overcome the issue 

(Gattamelata et al., 2021; Vigoroso et al., 2022). Considering the growing female role 

in agriculture, even if often not directly involved in the use of agricultural tractors and 

machines, the present study aimed to evaluate the perceived difficulty by users in han-

dling the FROPS considering: i, gender of the user; ii, FROPS mass; iii, expertise level 

in using the tractor (expert, occasional or novice user). The assessment on the perception 

of the operators in manual handling the front foldable ROPS could help in improving 

the safety performance of this ROPS type. 

2 Materials and methods 

A survey was designed to collect information on the foldable ROPS manual handling 

and on the locking system management, to evaluate the perceived effort in manual op-

eration and the handling ROPS procedure used. The survey started with the collection 

of general information of the participants (ie. gender, age, height, weight…) and then 

included eight questions per tested tractor (Tab. 1) organized in two different sections. 

Five questions (from 6 to 10) were related to the ROPS manual handling operation and 

the following three questions (from 11 to 13) were addressed to the locking system de-

vice. In order to evaluate whether the ROPS handling operation was easy or not, the 

level of handling discomfort was assessed, on a 1 to 3 scale. 

Table 1. Survey questions 

Question number Question Answer 

1 Operator gender Male/female 
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2 Operator age - 

3 Operator weight - 

4 Operator height - 

5 Operator expertise 
Expert/ occasional/ 

novice user 

6 ROPS manual handling Yes/no 

7 ROPS manual handling procedure 
ROPS upper/ side 

grasping part 

8 - QROPS_1 
Discomfort perceived with respect to the av-

erage daily effort 
1-2-3 

9 - QROPS_2 Discomfort perceived for body position 1-2-3 

10 - QROPS_3 Discomfort perceived for actuation force 1-2-3 

11 Locking system handling Yes/no 

12 – QP_1 
Discomfort perceived for locking device po-

sition 
1-2-3 

13 – QP_2 Discomfort perceived for actuation force 1-2-3 

 

In particular, QROPS_1 evaluated the operator difficulty in ROPS manual handling 

with respect to the average daily efforts; body position described in QROPS_2 referred 

to the operator position with respect to the ROPS, because, depending on tractor design 

the front wheel location can affect the easiness in ROPS handling, QROPS_3 investi-

gated the force level required to raise the ROPS from the folded down position.  

Concerning the locking system handling, QP_1 related to the discomfort caused by 

the pins position and shape; instead, QP_2 evaluated, as reported, the actuation force 

required, mainly related to the locking system design. 

The test panel was composed of 31 operators, 20 men and 11 women randomly se-

lected among the employees of the experimental farm of the University of Bologna. The 

operators were expert, casual and novice users; nevertheless, among the female partici-

pants expert users were not met and consequently only casual and novice users were 

analyzed. The age ranged between 27 and 60 years, the height from 1.52 to 1.95 m and 

the weight from 50 to 130 kg. The classification of the operators in expert, casual and 

novice users was based on the experience of the participants in tractor operation. Oper-

ators daily driving tractors were considered expert users, while novice users were those 

without any tractor experience, finally, casual users were operators with a low level of 

experience in tractor operation because only occasionally in the need to drive a tractor.  

Five narrow-track tractors mounted with front foldable ROPS (Fig. 1), already ana-

lyzed by Franceschetti et al. in 2019, were considered in the survey. The tractors were 

different in the design and the mass ranged from 1050 to 2900 kg. The mass of the front 

foldable ROPS was in between 17 to 55 kg (including only the upper foldable part).  
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Figure 1. The five narrow-track tractors considered. 

 

Taking into consideration the purpose of the survey the tractors were adjusted with 

the ROPS in the folded down position (Fig. 2a) and secured by the pin locking system. 

Operators removed the pins and manually handled the ROPS (Fig. 2b) adopting an in-

stinctive handling procedure and without a preliminary instruction. All front ROPS 

tested operate only through mechanical systems without additional facilitating device. 

 

 

 

 

  
Figure 2. a) ROPS in folded down position              b) ROPS in raised position 

 

2.1 Data analysis 

Descriptive statistic was calculated for men and female participants with respect to 

ROPS mass and operator expertise. A non-parametric statistic was considered, Kruskal-

Wallis H test, to analyze the survey feedback with respect to the operator expertise and 

the ROPS mass.  

The five tractors were divided into three classes taking into consideration the ROPS 

mass (low, medium and high). As reported in the Table 2. low mass ROPS were the 

ones with mass less than 25 kg, medium mass ROPS ranged between 25 and 40 kg and 

high mass ROPS the one exceeding 40 kg. 

 

Table 2. Classification of the five tractors on the basis of ROPS mass 

Narrow-track  

tractor 

Tractor mass  

(kg) 

ROPS mass  

(kg) 

1 1050 17 Low 

2 2350 20 Low 

3 1545 23 Low 

4 2130 34 Medium 

5 2900 55 High 
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3 Results 

The results are presented separately with respect to the operator gender. The discom-

fort perceived for ROPS handling was analyzed depending on the operator expertise and 

the ROPS mass (Tabs. 3, 4 and 5). 

 

Table 3. Discomfort perceived on low mass ROPS 

Group Mean  Standard Deviation 

QROPS_1 

M 

novice user 1.33 0.58 

occasional 1.18 0.39 

expert 1.00 0.00 

F 
novice user 1.78 0.73 

occasional 1.36 0.50 

QROPS_2 

M 

novice user 1.00 0.00 

occasional 1.17 0.51 

expert 1.00 0.00 

F 
novice user 1.33 0.69 

occasional 1.13 0.35 

QROPS_3 

M 

novice user 1.33 0.58 

occasional 1.17 0.51 

expert 1.00 0.00 

F 
novice user 1.50 0.79 

occasional 1.13 0.35 

 

Table 4. Discomfort perceived on medium mass ROPS 

Group Mean  Standard Deviation 

QROPS_1 

M 

novice user 2.00 0.00 

occasional 1.83 0.41 

expert 1.09 0.30 

F 
novice user 2.60 0.55 

occasional 2.25 0.50 

QROPS_2 

M 

novice user 2.00 0.00 

occasional 1.33 0.52 

expert 1.00 0.00 

F 
novice user 1.80 0.84 

occasional 1.40 0.55 

QROPS_3 

M 

novice user 2.00 0.00 

occasional 2.00 0.89 

expert 1.08 0.28 

F 
novice user 2.40 0.55 

occasional 1.80 0.45 

 

Table 5. Discomfort perceived on high mass ROPS 
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Group Mean  Standard Deviation 

QROPS_1 

M 

novice user 3.00 0.00 

occasional 2.67 0.52 

expert 2.50 0.53 

F 
novice user 2.80 0.45 

occasional 3.00 0.00 

QROPS_2 

M 

novice user 3.00 0.00 

occasional 2.67 0.52 

expert 2.08 0.64 

F 
novice user 3.00 0.00 

occasional 3.00 0.00 

QROPS_3 

M 

novice user 2.00 0.00 

occasional 2.50 0.55 

expert 2.23 0.44 

F 
novice user 3.00 0.00 

occasional 2.50 0.71 

 

3.1 ROPS manual handling: discomfort perceived  

The impact of the operator's experience on the perceived level of discomfort concern-

ing average daily effort (QROPS_1), body position (QROPS_2), and actuation force 

(QROPS_3) was assessed for each ROPS. 

The results denoted the different perception in the front ROPS handling between male 

(M) and female (F) operators.  

 

The Kruskal-Wallis test was used to compare the discomfort perceived in manual 

handling in different mass of the ROPS. In the low mass ROPS, the results showed 

statistically significant differences (p<0.05) among the operator expertise groups con-

sidering the daily effort (QROPS_1) and the actuation force (QROPS_3). In the medium 

mass ROPS, the results showed statistically significant differences (p<0.05) among the 

operator expertise groups considering the daily effort (QROPS_1), body position 

(QROPS_2) and actuation force (QROPS_3). In the high mass ROPS, the results 

showed not statistically significant differences (p>0.05) among the operator expertise 

groups considering the daily effort (QROPS_1), body position (QROPS_2) and actua-

tion force (QROPS_3). 

Male operator results showed a different discomfort perceived in the medium mass 

ROPS, on the contrary, results showed the same discomfort in the high mass ROPS 

independently on the expertise. In the low mass ROPS, only the discomfort perceived 

for body position was not significant. The results are depicted in figure 3. 
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 a) 

 b) 

 c) 
Figure 3. Discomfort perceived for male operators: evaluation with respect to the operator ex-

pertise: a) low mass ROPS, b) medium mass ROPS, c) high mass ROPS 

 
Female results showed same discomfort perceived in all the QROPS. The discomfort 

perceived increased with the ROPS mass. The results are depicted in figure 4. 
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 a) 

 b) 

 c) 
Figure 4. Discomfort perceived for female operators: evaluation with respect to operator exper-

tise: a) low mass ROPS, b) medium mass ROPS, c) high mass ROPS 

 
An interesting evaluation is related to the analysis of the actuation force in ROPS 

manual handling. The Kruskal-Wallis test was used to compare the discomfort perceived 

for actuation force (QROPS_3), and the results showed statistically significant differ-

ences (p<0.05) among the ROPS masses considering the expert and the casual male 

operator groups. On the contrary the results denoted not statistically significant differ-

ences (p>0.05) among the ROPS masses considering the male novice users. Male expert 

and casual operators had a significant result in the perception of discomfort for the ac-

tuation force. The ROPS mass was not significant and did not affect the discomfort per-

ceived for the novice users (Fig. 5). 
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Figure 5. Discomfort perceived for male operators: evaluation with respect to the ROPS masses 

(QROPS_3). 

 
The discomfort perceived for actuation force (QROPS_3) was evaluated also among 

the female operator groups. The Kruskal-Wallis test was used to compare the discomfort 

perceived and the results showed statistically significant differences (p<0.05) among the 

ROPS masses considering the novice users and the casual female operator groups. As 

depicted in figure 6 all the female operators had a significant result in the perception of 

discomfort for the actuation force. The discomfort grade increased with the ROPS mass. 

 

 
Figure 6. Discomfort perceived for female operators: evaluation among the ROPS masses 

(QROPS_3). 

 

In detail, expert male operators were mainly able to perform the front ROPS handling 

but the ROPS mass affected the operation. For the female group it was clear the effect 

of the ROPS mass on the discomfort perception in relation to the actuation force. 

Data related to QP_1 and QP_2 was analyzed, the ROPS mass did not affect signifi-

cantly the operator perception in the manual actuation of the pin locking system. Nev-

ertheless, the operator expertise denoted an influence in performing the operation. 
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3.2 ROPS manual handling procedure 

The manual handling operation was carried out correctly and completely by all fe-

male and male operators (100%) in the case of low mass ROPS, 97% in the medium 

mass ROPS and only 64% in the high mass ROPS. The starting position of the operators 

in ROPS handling is reported in figure 7. In the low mass ROPS, the operators chose 

the handling action preferably from the side of the ROPS. Otherwise, in the high mass 

ROPS the operators preferred the handling action from the upper part of the ROPS, 

reducing the force applied in reason of the increased lever arm. 

 

 
Figure 7. Starting position of the operator in ROPS manual handling with respect to the ROPS 

mass. 

4 Conclusions 

Five tractors of different mass and design fitted with front foldable ROPS were con-

sidered in the evaluation. A test panel composed of 31 operators with different levels of 

skill in tractor driving was selected to take part in a survey to evaluate the discomfort 

perception in manually handling the ROPS.  

The results obtained showed that the ROPS handling was influenced by the ROPS 

mass and consequently by the tractor mass and size. Nevertheless, it was clear that a 

proper design of the ROPS could positively influence the manual operation. 

The survey results are in line with the current requirements of the OECD procedure 

aimed to mount an assisting device in ROPS manual handling where the required force 

is higher than 100 N. The assisting system purpose is addressed to minimize the incor-

rect folded-down ROPS use in the normal operation in field. Indeed, the perception of a 

so heavy operation in manually handling the front ROPS overshadows the risk of fatal 
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injuries due to the tractor rollover. If assisting the manual handling will change the op-

erator discomfort perception, the incorrect use of the ROPS will be reduced and conse-

quently the fatalities associated to tractor rollovers. 

The OECD approach has potentially two main positive effects: to mount an assisting 

system in ROPS manual handling increases the comfort of the operator and contempo-

rarily affects the operator perception with respect to the required effort.  

The result will be therefore the increase of the correct use of the front foldable ROPS 

and the enhancement of the operator safety.  
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