
ABSTRACT 

HUTMACHER JR., CLAYTON, M. Seat Bolster Design and Discomfort in Agricultural and 

Lawncare Applications. (Under the direction of Dr. Xu Xu). 

 

Background: This study aims to examine different bolster designs in agricultural machinery and 

define what design choices lead to less subjective user discomfort. Furthermore, pressure 

mapping will be used to take objective measurements of the seats to understand if pressure 

mapping can effectively predict user discomfort. Agricultural machinery seating is an 

underserved segment, and discussions with industry experts drove the research. 

Methods: This study was conducted in a laboratory setting on a seating rig. This rig was based 

on dimensions of a John Deere riding lawnmower. Participants sat on the seating rig in 5-minute 

increments and played the video game Farming Simulator 19. There was a total of 3 conditions 

(Seat, Angle, and Orientation) with a replicate, resulting in 16 total trials. The Angle condition 

included a flat and angled to simulate working on a hill. The Orientation condition included a 

forward-facing and backward-facing condition to simulate different tools. The pressure map was 

attached to the seats and recorded the pressure profile of the user during each of the trials. The 

data extracted from the pressure map includes average pressure, max pressure, and active cells 

on the left and right side. After trials, the user filled out subjective evaluations while the rig was 

adjusted. The subjective evaluations included the Automotive Seating Discomfort Questionnaire 

(ASDQ) and the Nordic Body Discomfort Survey.  

Results: The pressure data was analyzed with a by participant least squares model. This data 

revealed strong evidence of differences in the pressure between the two seats. Generally, the 

lowback seat had higher pressure metrics than the highback seat. The ASDQ data was slimmed 

down to three relevant questions and transformed to achieve normality in the distribution. When 



analysis was performed on this data, two things were revealed. First, there was a low rate of 

response for these trials. Second, when 0 values were excluded, seat was generally not a 

significant factor in the analysis. The Discomfort data was not used for each of the right and left 

thigh regions, there was only one value that deviated from “No Discomfort” in all trials.  

Conclusions: Overall, this study found that there were significant differences in the pressure 

profile, with thicker and closer bolsters generally rating worse than the thinner and wider option. 

The subjective results showed little difference between the seats, and, at least for this scenario, 

casts doubt on the validity of pressure mapping to accurately predict user response to bolster 

design. Future research could continue to test this by examining no-bolster seats and examining 

if the effect is the same. Long term use cases may also have an effect on the interaction with the 

bolster.   
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1. INTRODUCTION 

1.1. Background 

Tractors are a widespread and versatile tool in today’s world. According to the Association 

of Equipment Manufacturers (2020), the agricultural machinery industry had a value of $15.6 

billion as of 2019. Additionally, the Bureau of Labor Statistics estimates that as of 2018 there 

were 975,400 farming jobs in the United States of America. The prevalence of the tractor is not 

the only motivating factor for this research. The time spent in use also engenders significant 

concern when considering agricultural users. In a sample of 1075 farmers, it was reported that on 

average 47,200 annual hours were spent operating the tractor (Torén et al., 2002). While they are 

most commonly associated with agricultural applications, they also have applications in other 

fields such as grounds care. According to the Bureau of Labor Statistics (2019), grounds care 

accounts for another 1.3 million potential users, respectively. Despite this, there is little research 

into the area of how the design of the seat effects discomfort.   

This research aims to characterize seating of both lawnmowers and compact tractors due to 

the two types of machines sharing several similarities. The most important similarity is that the 

seats used are often similar in design and occasionally compatible with either machine. Another 

important similarity is that the posture observed in the machines are fairly similar. Both vehicles 

adopt a more upright posture and have similar controls including forwards/backwards pedals and 

a steering wheel.  
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Figure 1.1: Example of lawnmower posture (left) and compact tractor posture (right). 

Research pertaining to seat bolster design costs and benefits is especially sparse. During 

the literature review for this research, several books of automotive and agricultural vehicle 

design were reviewed. Of those reviewed, one was found to provide guidance to seat bolster 

design. Bhise (2011) advised that smaller seat bolsters be used, as larger or thicker bolsters could 

lead to greater long-term discomfort and increased difficulty during ingress and egress from the 

vehicle. As for benefits, Bhise (2011) cites increased subjective stability for the user. 

Unfortunately, Bhise did not attempt to lay out critical points that may lead to decreased 

discomfort and did not cite supporting research of these claims.   

1.2. Evaluation Techniques 

This study will use both objective and subjective methods to evaluate seating discomfort in 

users. Among these will include pressure mapping, the Automotive Seating Discomfort 

Questionnaire (ASDQ), and the Nordic Body Discomfort Questionnaire.  
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1.2.1. ASDQ 

The ASDQ (Smith, Andrews, and Wawrow; 2006) was chosen as an evaluation method 

because of the coverage it offers for static factors of seating discomfort. The ASDQ features 20 

items, with one additional item added for this research. Each item is evaluated using a 0-100 

continuous slider scale. Due to the relative lack of research focus on seat bolsters, many of the 

subjective evaluations created to assess seating discomfort do not specifically evaluate bolsters. 

The ASDQ does, with questions specifically tailored to both the seat pan bolsters and the seat 

back bolsters. Additionally, the use of continuous sliders offers an intuitive method for users to 

input their results accurately without the need for additional explanation by researchers that may 

bias their response. One final note on the ASDQ is that this study slightly modifies the design. 

The only change present is the inclusion of an additional question that assesses the users feeling 

of stability in the seat during use. As previously mentioned, feeling secure in the seat is a benefit 

of seat bolster (Bhise, 2011). Because of this, adding a channel to explore this factor in the 

research is considered to be important when attempting to create a fully realized assessment of 

the seat bolsters. 

1.2.2.  Nordic Body Discomfort 

The Nordic Body Discomfort offers a different perspective of that of the ASDQ. The 

Whereas the ASDQ focuses on how the user feels about specific aspects of seat design, the body 

discomfort assessment asks them to point out areas where they feel discomfort and rate how 

intense that discomfort is. While there are many variations of the body discomfort survey to suit 

many different needs, the one used in this study most resembles Mansfield & Marshalls’ version 

from their 2001 study assessing musculoskeletal disorders in rally car drivers (Mansfield & 
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Marshall, 2001). The version used in this study includes 12 items evaluated on a 3-point scale 

(no discomfort, moderate discomfort, significant discomfort). 

1.2.3. Pressure Mapping 

Pressure mapping was chosen because of the long history of its use in assessing seating 

discomfort. Pressure mapping has been used to evaluate seating discomfort in a wide variety of 

situations, including agricultural machinery (Hostens et al., 2001; Ghaderi, Maleki, & Dianat, 

2014; Mehta et al., 2008; dos Santos et al., 2016), automobiles (Reed, 2000; Filtness, 

Mitsopoulos-Rubens, & Rudin-Brown, 2014; Dama et al., 2015; Lee, 1990), and wheelchairs 

(Brienza et al., 2001). Among the studies used for reference in this research, a few values stood 

out as being most often used by the researchers. These include mean and maximum pressure. 

These values allow the researcher to gain an idea of where on the seat the user will be most in 

contact with and identify areas that may be conducive to higher average pressure ratings and 

therefore discomfort.  

1.3. Seating Discomfort 

1.3.1. Background 

Seating discomfort is the study of subjective and objective discomfort as it relates to a seat. 

An important note is the distinction between comfort and discomfort. Discomfort and comfort 

deal with different phenomenon (Helander & Zhang, 1997; Zhang et al., 1996). Whereas comfort 

deals with feelings of wellbeing, discomfort is a gauge of biomechanics and fatigue.  

The inspiration for this research partly derived from an adapted version of Ebe and 

Griffin’s 2000 study of overall seat discomfort (Ebe & Griffin, 2000). In Figure 1.2, Gkikas 

(2016) created a version of Ebe and Griffin’s model that incorporates a third dimension of time 

in addition to discomfort and vibration. As will be discussed in the next section, the dynamic 
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factors of seating discomfort, such as vibration, are already well researched. This research seeks 

to evaluate the static factors portion of the model. Static factors comprise anything that may 

affect the driver’s discomfort regardless of time spent or vibration. This includes seat design, but 

also items such as lack of anthropometric fit. 

 

Figure 1.2: Gkikas’ (2016) extended version of Ebe’s Seating Comfort Model. 

1.3.2. Agricultural Machinery Seating Discomfort 

Seating discomfort research in agricultural machinery generally focuses on how whole-

body vibration affects discomfort rather than how the seat design does. The research digging into 

this particular area of concern is well versed, as can be seen in Singh’s 2014 review of the topic. 

Another review that is somewhat more holistic in its assessment of aspects relating to seating 

discomfort is Dhingra, Tewari, and Singh’s 2003 review of tractor seating discomfort. The study 

considers both dynamic factors and some static factors in their analysis. The review finds that the 

primary motivators for discomfort and ultimately injury are whole-body vibration, bad posture, 
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and sudden jolts. For static factors that have an effect on seating discomfort, the authors cite 

cushion firmness as an important factor, with a softer cushion promoting a more evenly 

distributed pressure map.  

The research that would be of greater relevance to this project would be that which 

examines the cross section of seat design, anthropometry, and discomfort in agricultural 

machines. One segment that qualifies for this subcategory is research that describes 

anthropometric fit issues with particular populations. This includes studies on Iranian operators 

(Ghaderi, Maleki, & Dianat; 2014), Indian operators (Mehta et al., 2008), and Brazilian operators 

(dos Santos et al., 2016). The focus of these studies is on how the mismatch between the 

population anthropometry and design anthropometry can lead to reach issues to various 

important of the tractor, including the floor and controls.  

The other segment that most closely resembles this project is the research that attempts to 

use objective measures to quantify the seat design. Romano et al. (2020) used a pressure map to 

test three seats against each other in driving and field operations. This allowed the study to 

gather information during real working conditions and use the motions to actuate the controls as 

the scenarios where data was collected. This study differs somewhat from the current study by 

linking the pressure observed to the seat it was in instead of evaluating how an aspect of the 

design itself may have influenced the results gathered. The other study that closely resembles 

this one is an evaluation of air seats in a combine (Hostens et al., 2001). This study used pressure 

mapping to evaluate the capability of an air seat to effectively redistribute buttocks-cushion 

interface pressure compared to foam seats. This, like Romano’s study (2020), was primarily 

concerned with the overall results of the pressure distribution as opposed to the particulars of 

what aspect of the seat design may have influenced it. Additionally, the subjects in this 
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experiment were tasked with simply sitting in the seat in a posture that did not resemble regular 

sitting or driving posture.   

1.3.3. Automotive Seating Discomfort 

As mentioned in the Section 1.1 on Page 1 of the introduction, seating discomfort research 

dealing with tractors or agricultural machinery is somewhat limited. Because of that, the 

researchers used research outcomes from other industries to supplement what was found for 

agriculture. The primary source of research that we leaned upon to supplement the agricultural 

research is automotive seating research. While it is certainly not perfect comparisons, both hold 

value as reference points with significant research history.  

Automotive seating research has a fairly significant study of seating discomfort. Due to the 

sheer breadth of the research, a few reviews that go into greater depth on the topic will be 

provided and a few particularly relevant studies will be chosen to speak at length about. The first 

relevant review to discuss is Lee’s 1990 review of automotive seating discomfort. While it has 

been published for decades, the review comprehensively covers nearly 30 years of research and 

touches on a bounty of relevant topics ranging from industry practices to pressure mapping and 

vibration. A more recent, but more concise review of seating study can be attributed to Dama et 

al. (2015). Dama et al., provides a good repository of automotive seating studies and suggests a 

methodology with which to approach design based on the results of the review.  

One of the studies that was found that deserves to be highlighted is Reed’s 2000 study into 

the anthropometric requirements for seat design in automobiles (Reed, 2000). The inclusions of 

interest from this study are measurements for how wide or tall seat pan and backrest bolsters 

should be set, respectively. Reed recommended that seat cushions have a lateral maximum 

distance from the centerline of 250mm in either direction. While Reed does not go into detail on 
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how the specific size or shape of the bolsters may effect discomfort, the study provides a useful 

reference point for how to best position bolsters to reduce the driver discomfort during use.   

The study found with the most relevance to the current research was conducted by Filtness, 

et al. (2014). This study aimed to understand how different aspects of automotive seat design 

effect discomfort in Australian police officers. They used the ASDQ and body discomfort 

questionnaires, as were used in this study, as well as an overall discomfort rating question. The 

study found that backrest bolsters, lumbar support, cushion bolsters, and cushion width to be the 

primary contributors to seating discomfort. Furthermore, Filtness et al (2014)., found that the 

shorter backrest bolsters were more comfortable for the officers and that cushion bolsters set 

somewhat wider apart contributed to less discomfort among users. Like any research, these 

findings must be considered in the context of the current research. Police officers are obviously a 

different population than all users of agricultural machinery. The first primary difference is in the 

gender distribution of the population. As of 2019, police officers were 87.5% male (Federal 

Bureau of Investigation, 2019). Since lawncare machines and compact tractors are consumer 

products, there is a higher share of female users. Police officers also only include people of 

working age. Users of agricultural machinery may also include children or retired persons. 

Additionally, the police belts in use may have an impact of how the officers interact with the 

seat. Nonetheless, it is reasonable to believe that this is a relevant reference due to the high level 

of similarity between this study and the current one from the evaluation technique perspective.  

There are a few issues that exist when drawing upon automotive seating research. For 

automotive seating discomfort, it comes from the posture that is adopted upon operation of the 

vehicle. As can be seen in Figure 1.3, the floor pan angle changes depending on the type of 

vehicle (Tillery, 2001). Vehicles that prioritize fuel efficiency or speed opt for floor pan angles 
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ranging from flat to slightly upwards. This allows for the driver to lean back more and reduces 

the profile of the vehicle. As can be seen in the Figure 1.3, in agricultural vehicles the floor pan 

angles are significantly lower. This allows for the driver to sit more upright since visibility 

around the entire perimeter of the vehicle is prioritized.     

 

Figure 1.3: Ergonomic design template for vehicles (Tillery, 2001). 

Another primary difference that bears mentioning when comparing automotive and 

agricultural machinery is the frequency and duration with which users are expected to assume a 

backwards facing posture. For automobile drivers, it is only required when backing out of a 

parking space, comprising of less than 5 minutes of any drive. Tractor attachments frequently 

come with a rear or mid-mounted variant. This requires the operator to frequently check the 

corners of the implement to ensure that it is clear of any obstructions. 

A third difference that bears mentioning is the differences in the seat design. Car seats are 

generally much taller than seats used in agricultural machinery. Even highback seats in tractors 

generally only reach to the midback, whereas seats in automobiles reach to the head. The 

material used in the seats is different. Automobile seats generally are comprised of soft foam 
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cushion covered by a cloth exterior. Agricultural machinery seats are made of a much stiffer 

foam without any covering. 

The final major difference that will be mentioned is the amount and actuation of controls in 

an agricultural machine operator’s station. Whereas car controls are generally limited to 

gas/brake pedals and a steering wheel during driving, agricultural machines potentially require 

the use of multiple controls outside of this. This can include throttle, Power Take-Off (PTO), 

loader controls, and creeper levers, among many others. Additionally, the location and actuation 

of some of these controls, including the gas/brake pedals, are different from what they would be 

in an automobile. This introduces a more varied set of potential postures and requires greater 

amounts of movements within the operator’s station. While that concern is not specifically 

addressed in this study, it warrants further research in the future. 

1.4.   Research Questions  

The primary research questions to be answered in this study are (1) how does seat bolster 

design effect subjective user discomfort and pressure distribution, (2) how does bolster design 

effect subjective response, (3) how do non-forward facing and flat driving situations effect 

subjective user discomfort and pressure distributions, and (4) how effectively can pressure rating 

be used to predict subjective comfort in users.    
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2. METHODS 

2.1. Participants 

Fifteen participants were tested in this study, ranging from ages 21 to 63. The participants 

had a mean age of 32 years old, with a standard deviation of 12.93 years. In this group, there 

were 10 and 5 male and female participants, respectively. Gender balancing was sought when 

collecting data for this study. According to the United States Department of Agriculture (2014) 

found that women made up 30% of farmers in the U.S. While this is certainly a minority, it is a 

significant one.  

Participants were verbally recruited among acquaintances of the researcher whom have 

previous experience with seated lawnmowers or agricultural machinery. This was done because 

the data collection for this study was conducted during the pandemic. Recruiting acquaintances 

allowed for a higher degree of confidence about whether the participants had potentially been 

infected with the virus. Additionally, due to the reductions of in-person classes and the 

undergraduate population living on campus being sent home, posted fliers were determined to be 

an inefficient and ineffective method of recruitment. This caused the age of the participants to 

skew somewhat younger. All but two of the participants were between the ages of 20 and 40.   

The only inclusion criteria used for this study was the participant was required to have 

previous experience using a seated lawnmower or tractor. This was included to filter out 

complete novices that may introduce unrealistic postures into the data set. Each participant was 

compensated at a rate of $15 per hour for a study that lasted roughly 2 hours. 
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2.2. Apparatus 

2.2.1. Hardware components 

The study utilized the video game Farming Simulator 19 to provide a platform to 

encourage the participants to assume a posture similar to that which they may experience during 

operation of the actual machine. As can be seen in the Figure 2.1, Farming Simulator provides a 

reasonably similar task to what a user may do and renders it in realistic detail. For this 

experiment Farming Simulator 18 was used, with the game running on a PlayStation 4.   

 

Figure 2.1: In-game screen shot of Farming Simulator. 

Another piece of technology that was crucial to the task simulation was the steering wheel 

and pedal set used by the participant to control the game (Figure 2.2). For this experiment, a 

Thrustmaster T150 RS Racing Wheel was used. While this did not provide a perfect simulation 

of the control setup seen in the field (Figure 2.2, right), the steering wheel was angled to match 

angles on seated lawnmowers and agricultural machines that are different than those seen in the 

automotive sector.   
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Figure 2.2:  Steering wheel and pedal set used to control game (left), Steering wheel and 

pedal arrangement on a tractor-style lawnmower (right). 

The use of the steering wheel and pedal set was crucial to the validity of the data for this 

experiment. The steering wheel and pedal setup allowed for a reasonable simulation of the 

posture that would be seen in regular use. This allowed for the results to be applied despite that 

the experiment was conducted in a laboratory setting. 

The other major pieces of technology utilized in this study were for data collection. The 

pressure map data was collected using the BodiTrak2 High Resolution Pressure Mat (BodiTrak, 

BodiTrak2, Unites States of America). The data collection and analysis were conducted with the 

included BodiTrak Pro software. The pressure map has a resolution of 1.27 cm by 1.27 cm (1/2” 

by 1/2”) and has a sampling frequency of up to 150 Hz.   



   

14 

 

 

Figure 2.3: Display of BodiTrak Pro. 

The final piece of technology that will be mentioned here is for the subjective evaluations. 

All of the subjective evaluations were created on Unity 10.3 (Unity, 10.3, United States) in the 

2D mode. This was done to expedite the data analysis process by removing the need to convert 

data from a physical form to a digital form. The program was exported to an .exe file format and 

presented to the user on a laboratory laptop.  

2.2.2. Seating Rig 

For the study, participants sat on a seating rig and performed the tasks assigned. The seat 

rig design was improved with contributions from an ergonomics expert with experience creating 

simulated cab experiences. The rig was primarily constructed out of plywood. This material 

provided a balance between stability and affordability that made it attractive for the project over 

more expensive alternatives such as 80/20 aluminum. The foot base and the seat base were 

constructed with ¾ in thick sanded plywood. Prime whitewood 2x4 planks were used to 

construct the steering wheel frame and legs for the seat base. The 2x4 planks were also used to 
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construct the skeleton underneath the foot base. The frame was constructed with dimensions 

from a John Deere 100 Series Lawnmower as a reference point.  

 

Figure 2.4: John Deere E110 Lawnmower. 

The foot board was 121.92 cm by 91.44 cm (48” by 36”), the seat sat 29.72 cm (11.7”) 

above the foot board (measured to middle of the slide rails), and the steering wheel was mounted 

75.69 cm (28.9”) above the foot board. The steering wheel was set 53.72 cm (21.15”) forwards 

of the seat. The pedals were offset 53.72 cm (21.15”) forwards and 23.75 cm (9.35”) to the right 

of the seat. The seat also had an adjustment range of 20.32 cm (8”) parallel to the floor. 

Measurements regarding seat placement were taken in reference to the middle of the range of the 

adjustment lever.  The seat adjustment was included to mitigate any potential discomfort from 

having the controls too close or far from the participant.   
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Figure 2.5: Seating Rig. 

The seat rig was mounted on a moving base (image below). This was done to make it 

easier to rotate the base when simulating a mid-mounted implement and a rear-mounted 

implement. This was also done with an eye to a future move of the laboratory from one building 

to another.     

 

Figure 2.6: Example of a moving base used for this study. 
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2.2.3. Task 

The task for this study was to mow a field in the video game Farming Simulator. Farming 

Simulator was chosen because of its realistic depiction of farming tasks that require the use of 

agricultural machinery. The aim was to have the users complete the tasks on a steering wheel and 

pedal set to simulate the posture assumed during real world operation.  

The game was projected on a TV screen. The forward facing TV was a Samsung ED65E 

measuring 165.1 cm (65”). The backward facing screen was Dell U3818dw measuring 96.52 cm 

(38”). In the forward facing trials, the view was game was presented in first person perspective. 

In the rearward facing trials, the game was presented in third person perspective. The participant 

was instructed to mow the virtual area for a 5-minute interval in rows. In other words, the 

participant would mow in a straight line height-wise before making a left turn and driving back, 

offset by one vehicle width. This can be seen in Figure 2.7. 

 

Figure 2.7: Example of a tractor plowing a field. 
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2.3. Independent Variables 

The independent variables in this study include seat, angle, and orientation. There were 

two different seats chosen for this study, a highback seat and a lowback seat. The highback seat 

is a Milsco XB200 seat (Figure 2.8, right), and the lowback seat is a Milsco XB150 (Figure 2.8, 

left). These seats are designed for use in compact tractors or lawnmowers. They were chosen 

because they represent two of the different designs that are common in lawnmowers or compact 

tractors. For the highback seat, the bolsters start 15.56 cm (6.125”) from the drain hole (the 

lowest point of the seat pan, located in the center of the seat), 9.53 cm (3.75”) at the thickest 

point of the bolster, and are 10.8 cm (4.25”) above the drain hole. Additionally, the highback seat 

has a different contour to the seat, with the highest point sitting slightly before the drain hole and 

dipping before the seat back begins. The lowback seat has bolsters that start 13.34 cm (5.25”) 

from the drain hole, 10.48 cm (4.125”) at the thickest point, and rise 9.21 cm (3.625”) above the 

drain hole. The shape of the bolster is a continuous slope that peaks just before it becomes the 

seat back.  

 

Figure 2.8: Highback (left), Lowback (right). 
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The angle independent variable is set to flat (0°) and 10°. This is meant to simulate the 

variety of terrains that may be encountered. The justification for testing this comes from my 

work with industry experts. The experts indicated that when testing a new machine that has 

mowing capabilities, a “mow on slope” task is included. The final independent variable, 

orientation, refers to the direction that users face while in operation of the machine. As can be 

seen in Figure 2.9, mowing has both mid-mounted configurations and rear-mounted 

configurations. This leads to differences in user posture. The mid-mount mowers are most often 

facing forwards, whereas the rear-mounted mowers require users to face backwards for periods 

of time to monitor the mower.  

 

Figure 2.9: Example of a mid-mounted mower (left), example of a rear-mounted mower 

(right). 

There is one more condition that should be noted in the independent variable section. 

While time is more akin to a covariate than an independent variable, it is of interest in this 

research. We designed the experiment so that all the trials for each seat are done before 

switching to the second seat. This is because we believe that there may be an effect on 

discomfort as the seat reaches full compression. Because the seats on these machines are 

generally molded out of foam, there is a difference in the seat shape at the beginning of use and 
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at any time after that. In conversations with industry experts, they indicated that generally it 

takes between 45-60 minutes for the seat to reach full compression. We designed the experiment 

to attempt to allow the seat to come to full compression to capture this. 

Allowing the seat to reach full compression is important because of the different use cases 

that can be observed in the field. A suburban user may only need 30 minutes to mow their entire 

lawn. A user with some land may need closer to 2 hours. A landscaper or groundskeeper may 

need even longer than 2 hours on the machine. Because of this, it is important to be able to 

capture the full compression to model the effects on discomfort over long periods of time.  

2.4.  Dependent Variables 

The dependent variables for this study included a set of objective and subjective responses. 

The objective response was derived from a pressure map. In the pressure map data, seat features 

were identified using the SAE 2732 standard for motor vehicle seats. This was used in a handful 

of previous seating studies (Park et al., 2016; Zhang et al., 2017) to identify where pressure was 

being applied in the seat. Doing this allowed for monitoring how much pressure was specifically 

being applied to the bolster during the experiment. 

 

 

Figure 2.10: SAE 2732 Standard for seat cushions. 
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In practice, this standard was applied in such a way that the center of the seat pan 

(represented by the “W1040_X” marking in Figure 2.10) was omitted from the data. From the 

remaining data, 4 primary values were extracted for the right and left seat bolster. The first value 

extracted was average pressure value. After averaging all non-zero values in each frame of the 

data, the data was further compressed into a trial-wide average value by averaging each of the 

frame average values in the trial. The second value extracted average max pressure. For each 

frame, the maximum value was extracted. The trial-wide value was then created by averaging 

each of the frame’s maximum values. One important note about the max pressure value recorded 

is that the pressure map has a max pressure of 200mmHg. Because of this, some values recorded 

at 200mmHg may actually be of higher pressure, but the hardware was unable to record it. This 

occurred in 34 of 237 trials (14.35%) for the right side and in 17 of 237 trials (7.17%) for the left 

side. The third value extracted was active cells. This was created by counting the non-zero cells 

for each frame. The trial-wide value was then calculated by averaging the count of non-zero cells 

from each frame.  

The other dependent variable that was being monitored was the participant subjective 

response. The ASDQ (appendices A) and body discomfort survey (appendices B) were both 

collected on a laptop where the participant could complete the surveys without any additional 

interference from the research team. From the ASDQ, three items were identified as relevant to 

the researchers: “Discomfort caused by the seat cushion bolsters” (S7), “The seat has an overall 

discomfort level of…” (S20), and “How stable do you feel in the seat” (S21). From the body 

discomfort survey, the left and right thighs were identified as the most important contact points 

with the seat pan bolsters (B9 and B10, respectively).  
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2.5. Experimental Design 

The experiment will follow a within-subject design, so each participant will experience all 

16 trials. For each trial, the seat rig was set to one of 8 total configurations. The configurations 

followed a full factorial design with 2 replicates. The order of the experiment will not be totally 

randomized. All of the trials for each seat were conducted together for two reasons. The first 

reason is to attempt to give the seat foam time to reach full compression. The second reason was 

to simplify the data processing and analysis by reducing the amount of location files needed. The 

order of the seat was randomized and the order of the trials within the seat was also randomized.    

2.6. Hypotheses 

Based on the information described above, the following hypotheses were formulated: 

H1: Bolsters that are closer and thicker will lead to increased subjective discomfort in 

users. 

H2: Bolsters that are closer and thicker will lead to increased pressure ratings 

H3: Bolsters that are closer and thicker will lead to greater feelings of security 

H4: Higher pressure ratings will mirror higher subjective ratings between seats 

2.7. Procedure 

The experiment was conducted in the Ergonomics Lab in the Edward P. Fitts Department 

of Industrial and Systems Engineering at North Carolina State University. Upon their arrival, the 

consent for was reviewed with the participants, as well as basic experimental information such as 

task and compensation. After consenting, the participant underwent basic anthropometric 

measurements. The participant stood on a scale so that body weight could be taken and self-

reported height to the researcher. During this step, participant gender was also recorded.  
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The participant was then given a training run lasting 5 minutes on the seat rig. This was 

split so that they could experience the forwards facing and backwards facing condition. For 

instruction on the backwards facing section, the participant was told to “Look backwards enough 

so that you feel comfortable with where the mower is.” This is because during real world use, 

driver’s behavior tends towards intermittently checking the position of the implement instead of 

continuous observation. After the training run was complete, the participant was given a brief 

explanation on how to complete the survey.  

The rig was then set up in accordance with the first trial. The pressure map was also 

attached and located in this step. Location in this context is referring to the process of confirming 

where the pressure map is centered in relation to the seat bolsters. First, the researcher started a 

recording of the pressure map. Then, the researcher found the drain hole on the seat with their 

finger and held it there for several seconds. Before experiments, the pressure map was also 

calibrated. This required placing the pressure map and an inflatable bladder in a wooden frame 

that pressed the two together between large wooden slats. The inflatable bladder was then 

inflated to various pressures in accordance with the calibration program included in the software 

package from the manufacturer.    

The participant was then given trials in all of the experimental conditions for one seat, 

twice. Each trial lasted 5 minutes, with 3 minute breaks in-between when the participant filled 

out the subjective surveys on a laptop in the lab. After the trials for the first seat was complete, 

the second seat was attached to the rig and the pressure map attachment and location was 

repeated. Following that, the participant again performed the trial in each configuration for the 

seat, twice while filling out the subjective surveys in-between trials. After completing these 

trials, the participant filled out the compensation forms, and departed the lab.  
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2.8. COVID-19 Precautions  

Due to this research occurring during the COVID-19 pandemic, several additional 

precautions were taken to ensure the safety of the researcher and participant. The researcher 

wore a facemask during all data collection events. Additionally, the participants were asked to 

wear a mask as well, with a disposable mask being provided at the testing site if they did not 

bring one. The seating rig, subjective computer, and scale used to record weight were disinfected 

before and after participants use. The size of the lab also allowed for the researcher and 

participant to maintain a minimum of 6ft distance at all times during the experiment. During the 

experiment, the researcher sat at a desk 10ft away from the seating rig, and during the breaks, the 

participant sat at the far side of the room at a different desk 18ft away from the rig while the 

researcher changed the configuration of the rig. The final measure used to reduce infection risk 

was having the participants use a door set on the far side of the room to enter and exit the 

laboratory. This further reduced the chance that they would stand within 6ft of the researcher.  

2.9. Data Analysis 

Due to differences in the data, pressure data and subjective data was analyzed separately. 

The pressure data was analyzed by using a standard least squares model by participant. This was 

verified by examining the residual values for non-random patterns and checking the Lack of Fit 

F ratios. The significance values for each pressure measurement for each participant was then 

recorded and had post-hoc analysis conducted. The data was subjected to a by participant 

analysis because of issues with the data becoming confounded.  

For the subjective values, large amount of 0 values (meaning “no discomfort”) were 

observed in the data set. This data was first sorted into 0 and non-zero values, and the non-zero 

values were analyzed to determine the important factors when the discomfort of the user passed 
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the reporting threshold. This was done to analyze the important factors when the participant 

begins to feel discomfort. Each of three subjective questions examined required transformation 

to reach normality. S7 required a log transform, S20 required a square root transform, and S21 

required a Box-Cox transformation using λ = .162. The transformed form of this data each 

passed the Shapiro-Wilks test for normality. Additionally, the Lack of Fit metrics in the least 

squares model and the residuals generated by the model were assessed. The model was 

structured as follows:  

Yijk = µ + Si + Oj + Ak + SOij + SAik + OAjk + εijk 

Where µ = grand mean, S = seat (i = 1,2), O = orientation (j = 1,2), A = angle (k = 1,2) and 

SO, SA, and OA are interaction effects.  
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3. RESULTS 

In this section, results from data analysis will be provided, as well as visual aids in the 

form of charts to improve understanding.   

3.1. Pressure Data 

A by participant least squares model was used to assess differences in the user pressure 

data. After recording the results of the analysis, a post-hoc analysis was applied to determine 

patterns in the data. The “Significance” charts (left) used for this section show of the 15 

participants, how many had the predictor (S, O, A, S*O, S*A, O*A) register as significant in 

their analysis. The “Percentage Positive” charts (right) represent the percentage of the parameter 

estimates that are positive. The estimates are based on the “1” value for each of the parameters, 

meaning a positive value indicates a higher value for the lowback seat for S, the forward facing 

orientation for O, and the flat angle for A.    

 

Figure 3.1: Average Cell Value Significance Occurrences (left), Percentage of significant 

estimates that are positive (right). 

Of the predictors input into the analysis, S and A stand out as the ones with the most 

significance among the participants. A is significant for 14 of 15 participants on both the left and 
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right side, while S is significant for all of the participants’ left side average cell value. For A, the 

left side is positive in 80% of the estimates and 21% of the right side. S is also significant for 5 

of the 15 participants’ right side average cell values. For S on the left side, the estimate is 

positive 93% of the time and 80% of the time on the right side. The remainder of the predictors 

are somewhat marginal in terms of significance, with O registering as significant for 2 

participants on the right side (0% positive), S*O registering 1 participant on the left side (0 % 

positive), and O*A registering 1 participant on each of the right (100% positive) and left side 

(0% positive). The residuals for the max values were distributed randomly, and had no notable 

shaping.  

 

Figure 3.2: Max Cell Value Significance Occurrences (left), Percentage of significant estimates 

that are positive (right). 

As with the average cell value, S and A are the most important predictors for the average 

max cell value. S is significant in 13 participants for the left side, as well as 10 participants for 

the right side. For S, 92% of the left side significant estimates are positive and 100% of the right 

side significant estimates are positive. A is significant for 10 participants on the left side and 11 

participants for the right side. For A, 90% of the left side ratings are positive and 27% of the 
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right side ratings are positive. The gap between S and A and the rest of the predictors is large for 

average max value as well. O is significant for 3 participants on both the left (66% positive) and 

right side (33% positive), S*O is significant for 2 participants on the left (50% positive) and right 

(100% positive) side, S*A is significant for 4 participants on the right side (75% positive), and 

O*A is significant for 1 participant on each of the left (100% positive) and right sides (0% 

positive).  

 

Figure 3.3: Active Cells Significance Occurrences (left), Percentage of significant estimates that 

are positive (right). 

The final pressure measurement that was recorded analyzed is the average active cells. S is 

significant for 14 participants on both the right and left side, much more than any of the other 

predictors for this metric. For S, the left side had 100% of its significant parameter estimates and 

86% of the right side estimates register as positive. A has 8 participants record significant values 

for the left side (of which all are positive), but only 2 on the right side (50% positive). 

Additionally, S*O is significant for one participant on the right side (0% positive) and S*A is 

significant for 1 participant on both the left (0% positive) and right side (100% positive).  

 

0

3

6

9

12

15

S O A S*O S*A O*A

Active Cells Significance

Avg Active Cells L Avg Active Cells R

0%

20%

40%

60%

80%

100%

S O A S*O S*A O*A

Active Cells % of Estimates 
Positive

Avg Active Cells L Avg Active Cells R



   

29 

 

3.2. ASDQ Data 

For ASDQ data, a standard least squares model was used in the analysis. The 3 questions 

highlighted as important to this analysis include: “Discomfort caused by the seat cushion 

bolsters” (S7), “The seat has an overall discomfort level of…” (S20), and “How stable do you 

feel in the seat” (S21). The model used S, O, A, S*O, S*A, and O*A as the predictors used in the 

model.   

 

Figure 3.4: Parameter Estimates for S7 (left), Summary of Fit for S7 (right). 

The fit model for S7 has S as significant, with only O being somewhat close to significance 

at .0847. The R2 is .119 for modeling S7. Another important note is the 91 observations used to 

create the analysis. The total data pool included 236 trials, indicating that a response was only 

seen in 38.6% of trials. 

 

Figure 3.5: Parameter Estimates for S20 (left), Summary of Fit for S20 (right). 
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The fit model for S20 does not have any of the predictors come close to significance. The 

R2 is .0397. With 124 observations, 52.4% of trials caused a non-zero response by the 

participants.  

 

Figure 3.6: Parameter Estimates for S21 (left), Summary of Fit for S21 (right). 

The fit model for S21 has one highly significant predictor in A and none others that are 

near significance based on the model. The R2 for this model is .1376. With 132 observations, a 

non-zero response was recorded in 55.9% of trials. 

3.3. Body Discomfort Data 

In this study, the body discomfort data primarily considered was that of thighs (left and 

right). These two regions were specifically focused on because of the probability that they would 

come into contact with the seat bolsters during the experiment.  

 

Figure 3.7: Right and Left Thigh Nordic Body Discomfort Chart. 
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The thighs are the part of the body that will be in contact with the seat bolsters most during 

the experiment. In Figure 3.7, charts depict the response values from all trials for the thighs. As 

can be seen, in both the right and left thigh, there is only one instance of a non-zero value. Zero, 

in this case, refers to “no discomfort” and one refers to “moderate discomfort”. Due to this, 

statistical analysis is not able to create a model for this data.   
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4. DISCUSSION 

There is a need for a methodology to effectively evaluate user seating discomfort when 

using agricultural machinery. This study’s primary goal was to define the effect that different 

seat bolster designs had on user discomfort in short term usage. Additionally, this study set out to 

evaluate the efficacy of the use of seat pressure mapping as a tool, with a particular focus on if it 

could effectively evaluate seat pan bolsters.  

4.1. Hypothesis 1 

Hypothesis 1 (H1) stated that bolsters that are closer and thicker will lead to increased 

subjective discomfort in users. To test this hypothesis, S7, S20, and S21 as well as B9 and B10 

will be referred to. By and large, the evidence seems to suggest that the users had little 

preference between the two bolsters. For question S7 (“Discomfort caused by the seat cushion 

bolsters”), a zero response (indicating “No Discomfort”) was recorded on 61.4% of all trials. For 

S20 (“The seat has an overall discomfort level of…”), Seat was not a significant factor in the 

statistical analysis. For S21 (“How stable do you feel in the seat”), Seat was not a significant 

factor in the statistical analysis.  Furthermore, B9 (left thigh) and B10 (right thigh) both had only 

one “Moderate Discomfort” rating in all trials. There is one piece of evidence that contradicts 

this information, however. In non-zero occurrences of S7, Seat is significant and has a positive 

parameter estimate. This means that when the users responded to the S7, Seat was statistically 

significant, and they found the lowback seat to be cause more discomfort. The lowback seat 

bolsters are thicker and closer to the centerline of the seat than those of the highback seat. This 

supports the H1. Additionally, given that the bolsters in the lowback seat are shorter than those in 

the highback seat, it suggests that bolster height is not a major factor in short term discomfort. It 

should be noted, however, the low R2 value associated with S7, as well as the other ASDQ 
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estimates. For S7, the R2 value is .1193, suggesting that the model using S, O, and A (as well as 

their second order interaction effects) only explains about 12% of the variability in the model. 

While this is not an insignificant portion of the estimate, it still leaves a large portion of the 

variability observed unaccounted for. Overall, the evidence fails to support H1.      

4.2. Hypothesis 2 

Hypothesis 2 (H2) states bolsters that are closer and thicker will lead to increased pressure 

ratings. The pressure ratings that will be used to evaluate this hypothesis will be average pressure 

(left and right), max pressure (left and right), and active cells (left and right). For average cell 

value, Seat was significant in all participants for the left side. Notably, Seat was only significant 

for a third of the participants on the right side. Additionally, the parameter estimate created was 

positive in 93% of the left side parameters and 80% of the right side parameters. This suggests 

that the lowback seat, which has closer and thicker bolsters, does in fact result in higher average 

pressure ratings. The reason for the disparity between the amount of significant estimates on the 

right and left side likely is because of the difference of how the legs come into contact with the 

bolster, particularly during the angled portions of the experiment. The right side is always the 

“low” side of the angle, and the left side is always the “high” side. This is possibly because the 

closer bolsters of the lowback seat are more likely to actually come into contact with the legs 

during the angled sections, whereas the actual dimensions of the right bolster matter somewhat 

less because the legs will be in contact with them regardless. A point to be addressed before 

moving on to the max pressure is whether the actual difference estimated between the seats will 

have an effect on participants. The average parameter estimate for the left and right average 

pressure is 5.362 and 4.144 mmHg, respectively. While there is not much research into minimum 

noticeable difference in terms of seating pressure, there is research into how much pressure is 
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acceptable for pressure ulcers. Taule et al. (2013) used the metric of 100mmHg as the benchmark 

for acceptable/unacceptable pressure for patients in wheelchairs. The estimated difference in 

pressure observed here is several magnitudes lower than this.  

Continuing to max pressure in H2, Seat was once again a significant factor. Of the 15 

participants, 13 of the left side estimates were significant and 10 of the right side estimates were 

significant. For the left and right side, 92% and 100% of the estimates were positive, 

respectively. As with the average pressure, the positive parameter estimates suggest that the 

lowback seat is causing higher max pressure ratings. This provides further evidence that the 

bolsters being closer and thicker does cause higher pressure values in general. The average 

parameter estimates of Seat for max pressure are much higher than those of the average pressure, 

as would be expected. For the left side and right side, the average parameter estimate is 23.598 

and 17.291 mmHg. This is obviously much closer to the 100mmHg threshold used to screen for 

injury.  

The final pressure metric that will be used to evaluate H2 is active cells. This roughly 

translates to contact area in a real world setting. On the right and left side, Seat is significant for 

14 of 15 participants when estimating active cells. Among the significant parameter estimates, 

the value is positive 100% and 86% of the time for the left and right side. Again, this suggests 

that the lowback seat has greater contact between the user and the bolster, supporting H2’s 

supposition that seats with closer and thicker bolsters cause higher pressure values. The average 

parameter estimates for the left and right side active cells are 32.12 and 16. Since each cell 

represents 1.61 cm2 (.25 in2) of coverage for this pressure map, this represents an estimated 

difference of 51.81 cm2 (8.03 in2) and 25.81 cm2 (4 in2) for the left and right side. It should be 

kept in mind that this is the maximum that the difference could be. It is likely somewhat lower, 
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due to the possibility of cells not being completely covered and the high portion of boundary 

points that should be expected, given that the pressure mapping seeks to characterize the very 

edge of the seat cushions. Overall, the evidence supports H2. 

4.3. Hypothesis 3 

Hypothesis 3 (H3) states that bolsters that are closer and thicker will lead to greater 

feelings of security. This particular hypothesis is an important one to evaluating the study. As 

mentioned in the background sections, the primary reason for bolsters on agricultural machinery 

seats is that bolsters provide subjective feelings of security when the machine is in use. In the 

analysis of S21, Seat was not found to be a significant factor. In fact, among all predictors, Seat 

had the smallest magnitude in the parameter estimate. Angle was the only significant predictor in 

the analysis. This indicates that at the very least, participants in this study did not find a 

significant difference between the two different types of bolster design when it comes to 

subjective security. The next question that must be asked, given this information, is how small 

the bolsters can be or if they can even be eliminated from the seat entirely. The reduction of 

bolster size would result in incremental material cost savings, potentially with little to no user 

experience ramifications. Another factor that should be considered is the effect of bolster design 

during true long term use in the field. The effect of uneven terrain on the ride quality of the 

machine could conceivably have an effect on the user feelings of security. The most obvious 

example of this would be the user being shifted in the seat by jerks caused by the uneven terrain. 

Overall, the evidence fails to support H3. 

4.4. Hypothesis 4 

Hypothesis 4 (H4) states that higher pressure ratings will mirror higher subjective ratings 

between seats. In essence, this hypothesis seeks to determine whether seat pressure mapping is 
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an effective tool for predicting user discomfort in short term use situations. Using what was 

discussed in the previous three hypotheses, it would not appear that seat pressure mapping is a 

particularly effective methodology for predicting short term discomfort caused by seat bolsters in 

this current study. There is previous research that falls on both sides of whether pressure 

mapping is an adequate tool for predicting seating discomfort. Jin, Cheng, and Shen (2009) 

found that there was a clear correlation between pressure and discomfort. This study took place 

over 100 minutes of continuous use on a driving simulator for cars. Gyi and Porter (1999) found 

in their study that there was not a “clear, simple, and consistent” relationship between interface 

pressure and user discomfort. This study took place over two hours in a lab setting on a 

simulated car driver station. Similarly, Porter, Gyi, and Tait (2003) found that in different 

vehicles, there were clear pressure differences, but no clear relationships between pressure 

differences and subjective response. This study included three 2 hour road trials in three different 

automobiles. Finally, Romano et al., (2020) used pressure mapping to create a discomfort 

evaluation methodology but did not collect subjective ratings to confirm their findings. This 

study utilized a field test of agricultural machinery. While these studies are useful reference 

points for the current research, there are key differences between this research and those 

referenced. For Jin, Cheng, and Shen (2009); Gyi and Porter (1999); and Porter, Gyi, and Tait 

(2003) the research focused on automobiles. As discussed in Section 1.3.3 on page 7, there are 

significant differences in posture and controls between automobiles and agricultural machines. 

For Romano et al., (2020), the study was a field study that did not consider subjective 

differences, unlike the current research. In addition to these differences, it should also be noted 

that the current research is focused on a particular aspect of seat design, seat bolsters. This is 

different from all the studies noted in this section that focused on overall seating discomfort.  
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Returning to the results of the current study, H2 found there are compelling differences in 

the average pressure, max pressure, and contact area between the two seats. These differences 

were not reflected in the subjective differences found in H1 or H3. By and large, participants 

rated the seats roughly the same in terms of discomfort, if they felt any discomfort at all. To take 

it a step further, the method of data analysis that the pressure data necessitated should be further 

proof of its unsuitability for predicting large swaths of user population’s discomfort. As was 

mentioned in the methods and results sections, the pressure data had to be subdivided into a “by 

participants” analysis and then analyzed. This was due to the behavior of the data when it was 

analyzed all together. The residuals for a participant would tend to clump together instead of 

distributing randomly, causing massive lack of fit in the analysis. This indicates that the 

participants, regardless of the seat or situation, generally had relatively unique pressure prints 

that resisted analysis when grouped together. As with H3, it should be noted that this is a highly 

specific situation being studied in this research. The lack of true long term use possibly 

contributed most to the fact that the subjective ratings did not follow the pressure mapping. 

During long term use, when full compression of the seat foam is reached, pressure mapping may 

very well be able to tease out pressure readings that climb high enough to cause user discomfort. 

Full compression can subtly change the interface between the seat and the user and trigger 

changes to where the pressure peaks reside and how much contact the thighs have with the 

bolsters. For this study, however, there is not sufficient evidence to support H4. 
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5. CONCLUSIONS 

Prior research in agricultural machinery seating discomfort that utilized pressure mapping 

has generally looked at the overall pressure print of the seat (Hostens et al., 2001; Romano et al., 

2020). There has been limited research into the design of seat bolsters in agricultural machinery, 

as well as if pressure mapping is a sound methodology to do so. The goal of this study was to 

determine the effect different size and positioning of seat bolsters had on user discomfort, and to 

see if changes in pressure metrics reflected changes in subjective response. To do this, 

participants completed 16 trials on two different seats. On each seat, the participant experienced 

conditions meant to mimic real world working conditions including a flat/angled condition and a 

forward/backward facing condition.  

After pressure metrics and subjective evaluations were collected, data analysis was used to 

test these questions. The study found solid evidence that the different seat bolster designs do in 

fact result in significantly different pressure profiles. The study also found that there was little 

evidence to suggest that user subjectively found much difference between the seats. This 

suggests that pressure mapping may not be an effective tool for predicting differences in 

discomfort between different seat bolsters, at least in short term use scenarios.   

5.1. Limitations 

There are two major limitations to this experiment. The first limitation is that the trials 

took place on a stationary seat rig. This limited the ability to recreate effects from uneven terrain, 

turning the machinery, or vibration due to the engine. The other major limitation is that true seat 

compression was likely not achieved during this study. In foam seats, full seat compression 

generally takes 45-60 minutes to occur. This changes the user’s contact area with the seat and 

could also affect the pressure mapping of the seat. While the participant was on the seat for 40 
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minutes total, long enough to get close to full compression, the breaks in between trials where 

subjective evaluations were completed were conducted off the rig by necessity. This was due to 

both the need to swap into the angled condition as well as the need to allow for social distancing 

due to the coronavirus pandemic that this study occurred during.    

5.2. Future Work 

There are multiple avenues for future study with regards to agricultural machinery seating. 

The one most closely related to this research would be a field study version of this research. This 

would involve working with operators at their workplace to reduce error caused by constraints 

born from the laboratory setting. Additionally, this would allow for a more professionally 

focused group to provide input, potentially different from the population of this study that mostly 

used the machines for personal use. A secondary benefit to this research would be the 

opportunity to gain a better understanding of the effect of seat compression during long term 

operation. Because the participant left the seat after each 5 minute trial, the foam was not 

continuously compressed and analysis can only reasonably extend to the 5 minutes stretches they 

spent in the seat. Another worthy avenue of research may be to examine different aspects of seat 

design. This study focused on seat pan bolsters, but this is far from the only aspect of seat design. 

Seat firmness in foam seating, seat back bolsters, or length of seat back and pan could also prove 

to be informative studies to further understand factors driving seating discomfort. Seat back 

height in particular may prove to be an interesting area of study. While highback seats generally 

are considered to be more expensive and of higher quality, a frequent complaint from 

participants in this study revolved around difficulty in assuming a comfortable position in the 

rearward facing sections when the highback seat was in use. Another area of research could 

explore alternative methods of objective seat evaluation. This may involve the use of 
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electromyography or inertial measurement units. Electromyography could be used to measure 

activation of the back muscles to detect differences between different seat designs. The inertial 

measurement units could be used to detect the effect of different seat designs on posture. The 

final item of interest is whether population factors such as gender and weight play a major role in 

seating discomfort. Gender is responsible for a number of differences in body composition and 

anthropometry, including height, weight, muscle and fat mass, and distribution of adipose tissue 

(Bredella, 2017). Gender also includes difference in bone structure, specifically in the hips. 

Female hip bones tend to extend farther out then their male counterparts. There is a reasonable 

argument to be made that this difference in bone structure, as well as differences in fat tissue 

distribution will change how a user interacts with the seat. While this study did include male and 

female participants, the small sample size for each (10 and 5, respectively) did not allow for 

conclusions to be drawn about potential differences between the two. In the same vein, weight 

can create major differences in pressure distribution. Generally, leaner participants have higher 

pressure peaks than participants with a higher body fat percentage. This is due to reduced 

interaction area between the lean person’s buttocks and the seat. The greater area in the higher 

body fat participants leans to more tiles registering pressure, but at a lower intensity. While there 

were participants with a wide variety of weights included in this study, a future study could 

absolutely be conducted where different weight ranges were specifically recruited for and tested 

to see if specific weight differences resulted in different subjective response. 
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