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ABSTRACT 

Author:  Ms. Maria Mastorakos 

Title: Ergonomic Control Panel Design for a Remotely Operated Agricultural Tractor 

(Under the direction of Dr. Danny Mann) 

 

 An ergonomic control panel was designed for a remotely operated agricultural 

tractor.  In order to inform the design, information was collected via ergonomic literature, 

ride-alongs with tractor operators, and interviews with tractor operators and experienced 

design professionals.  Ride-alongs were used to determine frequency and sequence of 

use in agricultural tractors.  The most frequently used control was the one that 

controlled the implement being pulled behind the tractor.  There was no sequence 

pattern observed over all the ride-alongs.  The control panel design was evaluated 

using design criteria from the information collected, the Index of Functionality, and the 

Index of Accessibility.  The Index of Functionality was assessed and validated as a tool 

for ergonomic control panel design.   The final design satisfied all the criteria outlined 

and achieved good index scores. 

 

Keywords:  Ergonomic control panel, tractor control panel design, Index of functionality 

evaluation
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1.0 INTRODUCTION 

Efficient operation of any machine depends upon the design of its control panel. 

Agricultural tractors are no exception. Although tractor control panels have undergone 

ergonomic improvements in recent decades, greater changes may be on the horizon.  

The prevalence of auto-steer systems may lead to a situation where the driver wishes to 

face rearward to have a better view of the trailing implement.  Other researchers have 

suggested that fully autonomous tractors may be the future.  An intermediate step could 

reasonably be an auto-steered tractor with manual overrides from a remote location.  In 

such a situation, the space constraints of the current tractor cab will not exist.  Thus, it 

would be possible to completely re-design the layout of controls to enhance the 

ergonomics of the design.  The goal of this research project was to conceptually design 

a control panel for an agricultural tractor that is remotely operated.   

To achieve this goal, it was critical to collect specific information. Ergonomic 

theory suggests that controls used the most frequently should be placed most 

prominently.  In the case of tractors, no published data exists on which controls are 

used most frequently.  Within the scope of this project, data were collected via 

videotaped tractor ride-alongs to determine the most frequently used controls as well as 

to determine any sequence of use between controls.  This information was deemed vital 

as good placement and appearance of controls can reduce time lags and control errors 

(Lehto and Buck 2008). 

It was also important to assess the control panel’s ergonomic qualities 

quantitatively once the most frequently used controls and sequence of use were 

determined.  A student at the University of Manitoba, Dimitrios Drakopoulos, along with 
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his advisor Dr Danny Mann, developed an ergonomic index that could be used to 

evaluate and inform ergonomic design in agricultural tractors. The index was developed 

using surveys with operators to determine which controls were used most frequently, 

but no field research was conducted to attempt to quantify the survey findings.  The 

Index of Functionality along with the Index of Accessibility, a simpler index developed by 

Banks and Boone (1981), were used to evaluate each iteration of control panels to 

quantify the improvements on each subsequent design.   After several iterations, a final 

design was chosen that satisfied specific design criteria and provided good scores for 

both indexes.   

In addition, the Index of Functionality has not been validated or evaluated within 

the published literature.  This thesis also comments on the strengths and limitations of 

the Index of Functionality from the authors experience using it to evaluate the designs. 
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2.0 LITERATURE REVIEW 

Good ergonomic interventions are necessary for our increasingly complex control 

panels in machinery.  This fact is no different in the case of agricultural tractors. Over 

the years, tractors have moved from mechanical controls, where the levers physically 

controlled many of the hydraulics, to electronic controls, where buttons and switches 

have replaced the levers.  Most new models now have electronic controls.  Many 

operators of agricultural tractors are not accustomed or comfortable with newer 

technologies, such as electronic control panels (Langle, Clavel, et al. 1997). With the 

advent of these new types of panels and especially the case of a remotely operated 

tractor, the driver is relegated to a safety function and the driver’s mental workload is 

increased substantially in comparison to the old mechanical controls as he must monitor 

several computer systems at once – for example the tractor movement, the auto-steer 

system, operational system (seeding, harvesting), etc (Langle, Clavel, et al. 1997).  

Thus, it is of utmost importance that new panels be designed ergonomically for reach 

but also intuitively for the operator.   This literature review seeks to outline what aspects 

must be taken into account in regards to newer electrical control panels to make sure 

that the remotely operated panel is designed with the best ergonomic intervention 

available. 

 

2.1 Ergonomic Design 

 There are several ways to achieve an ergonomic design for controls. Lehto and 

Buck (2008) suggest which aspects should be kept in mind when developing a new 

design: 
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- Eliminate elements that are unnecessary  

- Keep elements simple 

-  Keep things natural 

- Combine compatible elements where possible 

- Group elements together that are used sequentially 

- Place most frequently used elements in the most favourable locations  

In addition to Lehto and Buck, Sanders and McCormick (2003) have similar 

suggestions.  In their guidelines, they use the concept of a focus attention task to define 

what aspects are important for an ergonomic design.   Driving a tractor can be 

described as a focus attention task where one must keep focus on one or a few select 

channels of information while not being distracted by other channels.  In the case for 

tractors, the channels that need to be focused on are the turn at the end of the field row 

and the seeder at the back to be monitored behind the tractor.  Their guidelines can be 

described as: 

1- Make the competing information channels as distinct as possible from the 

channel that the person is to attend.  

2- Separate, in physical space, the competing channels from the channel of 

interest. 

3- Reduce the number of competing channels.  

4- Make the channel of interest larger, brighter, louder, or more centrally located 

than the competing channels – most frequently used controls should be 

prominently located. 
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2.2 Control Identification  

Further to the previous section, a way to reduce the number of competing 

channels is proper identification of controls.  Control identification can be described as a 

coding problem (Sanders and McCormick 1993).  Primary methods to code the controls 

are via texture, colour, shape, size, location, operational method, and label.  Coding is 

important as a means to distinguish different controls, as poor identification can, at 

worst, cause injury and even death.  As early as 1946, cases and statistics were 

identified for aircraft accidents that were a direct cause of control misidentification 

(Sanders and McCormick 1993).  Another example reported by Gamst (1975) described 

railroad engineers who wanted to turn off the signal lights but engaged the on/off control 

for the fuel pump.  Instead of turning off lights, they inadvertently disengaged all the 

engines in the train. 

Unlike airplanes and locomotives, tractors operator at a slower speed and are at 

less risk for injury for passengers.  Care still needs to be taken when considering control 

coding for identification since the operator will be outside the tractor cab environment, 

and intuitive access to controls will be paramount in an emergency situation.   

 

2.2.1 Grouping 

Grouping is a method to create difference and distinction between similar and 

dissimilar controls.  Improper grouping, however, can have more negative affects than 

no grouping at all.  Kotval and Golberg (1998) did a series of experiments where 

subjects’ eye movements were observed scanning different visual displays.  There were 

different groupings of visual displays: one where icons with similar functions were 
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grouped together, one where majority grouping (almost all the same function with one 

differing), one where physical grouping (clustered into groups but with no common 

functionality), and the last with no grouping at all.  The subjects were prompted to find 

and select icons.  They found that the icons that were grouped by functionality had the 

most efficient visual scanning by the subjects.  The next was the non-grouped display.  

Kotval and Golberg concluded that a visual display that had no grouping was better than 

one with poor grouping. 

The Gestalt method describes that the “whole is greater than the sum of its parts” 

(Sanders and McCormick 2003).  Control panels need to be designed with this fact in 

mind – if the whole of the control panel does not work together and in relation to each 

other, even if each individual switch or button is well designed with good control coding, 

if it is not organized and grouped properly, the ergonomic design of each individual 

control will be rendered much less effective.  

Rock and Palmer (1990), using Gestalt psychology as their guide, determined a set 

of perceptual principles regarding grouping. These are generally applicable and outline 

how an operator will naturally tend to group elements and the limits of the operators 

perception capability: 

- Common region: Elements contained within the same location or areas are 

grouped together. 

- Proximity: Items close together are perceived as grouped together. 

- Horizontal Proximity: Common elements are grouped as rows, not columns.  

- Similarity: Items similar in colour, shape, or size are grouped together. 

- Symmetry: Elements in an array are grouped to form symmetrical figures. 
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- Continuity: All parts of an array having a common feature are seen as separate 

from each other parts, even if a common point is shared. 

- Closure: the tendency to see complete figures even when presented with partial 

information. 

- Visual apprehension limits: people can “see by counting” only up to 5 or 6 items. 

Some of these perceptions override another.  For example, colour coding overrides 

proximity coding.  Thus a poorly designed panel can be retro-designed by adding or 

changing colours. 

2.2.2 Colour 

There are strong tendencies for people to group together items (or perceive them 

as belonging together) if they are similar in colour (Van Nes 1986).  This fact only 

applies if there are not more than 3 or 4 colours used to code.   

Colours are also associated with certain meaning (Sanders and McCormick 

1993).  Red typically means danger or stop, green means “go” or that the system is 

running normally.  Orange and yellow usually signify “caution”. 

Although colour coding is a good way to cause differentiation and grouping, one 

must take into account that some members of the population are colour blind. Also 

colour-coding has its limitations, as colours must be perceptible to be effective.  For 

example - if the lighting is not adequate or the control becomes dirty, the operator will 

not be able to make the correct distinctions.  Thus shape and texture should be included 

in the coding of controls to account for those operators who are not capable of 

perceiving different colours (Sanders and McCormick 1993). 
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2.2.3 Shapes 

Differing shapes help the operator to define the different controls using tactual 

sensitivity  – operators do not need to look at the controls in order to identify them.  In 

certain circles, such as aviation, specific controls have been assigned specific shapes 

(Sanders and McCormick 1993). The specification of shapes is done so that students 

studying to become pilots can learn in advance which shape corresponds to which type 

of control.  It also creates uniformity across all aviation control panels to ensure safety. 

It is also made easier if the control knob resembles what it is controlling: an example is 

that a landing-gear knob resembles a landing wheel and a flap control is shaped like a 

wing.  In the case of a tractor, it could be beneficial to have controls of different shapes 

for each different control group (i.e., shape of hydraulics would be the same, but 

dissimilar to controls for headlights or windshield wipers).  

 

2.2.4 Texture 

An early study by Bradley (1967a) studied the effects of different textures on 

control knobs.  He concluded that three different textures of knobs were useful in 

creating noticeable differences between controls.  These textures were smooth, fluted, 

and knurled.  In addition, it was found that there was minimal cross-confusion between 

the textured knobs when the subjects were wearing gloves.   

 

2.2.5 Size 

In a subsequent study by Bradley (1969b), differing sizes of knobs were tested to 

determine if size was useful in creating a noticeable difference.  He concluded that 
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unless the size difference was large – at least 1/2 inch (12.5 mm) in diameter and 3/8 

inch (9.5 mm) in thickness- for the different knobs, only then could the test subjects 

distinguish the controls by touch alone.  

These findings were supported by a literature review done by Drakopoulos and 

Mann (2007).  Acceptable dimensions are outlined in Table 1. 

Table 1 – Control Type Optimal Dimension Outline 
Control Type Dimension 
Knobs height: 12-25 mm  

diameter: 10 – 100 mm 
Rotary Switches length: 25-100 mm  

width: ! 25 mm  
height: 12-75 mm 

Toggle Switches length: 12-50mm 
Rocker Switches width: " 6 mm  

length: " 12 mm  
separation: " 19 mm 

Push Buttons diameter: 10-25 mm 
Hand Levers displacement: ! 355 mm 

separation: " 100 mm 
  

2.2.6 Spacing Between Controls 

Proper spacing of controls is important to ergonomic design.  If controls are 

spaced too closely together, an operator might inadvertently engage the wrong control.  

If they are grouped together, but they are spaced too far away from each other, the 

operator might not recognize them as being grouped together.  For all the switches 

outlined in the previous section, the recommended distance between the switch and 

another control are of 50 mm or less (Drakopoulos and Mann 2007). 
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2.2.7 Location 

It is important to have controls properly placed on a panel.  Hsaio et al. (2005) 

found that some types of placements of controls can actually create an impediment to 

body movement.  As outlined in the guidelines for ergonomic design stated previously, 

most frequently used controls should be prominently featured on a control panel (Lehto 

and Buck 2008).  For specific controls in tractors, such as the transmission gear shifter, 

throttle (speed controller) and hydraulic controls, there are locations on the panel that 

are rated more highly by users than others (Casey and Kiso 1990). All optimal zones 

were forward and to the left of the operator.  Measurements with the highest user 

acceptability rating were found to be roughly 300 mm to 400 mm for the throttle, 150 

mm for the hydraulics, and 350 to 400 mm for the transmission gear shifter. 

     

2.3 Safety Requirements 

Safety in regards to the inadvertent operation of a control must be taken into 

consideration when first conceptualizing the design of the control panel (Bullinger, Kern, 

et al. 1997).  Proper coding and spacing of the controls can help reduce the occurrence 

of these mistakes, but Bullinger, Kern, and others (1997) outlined other ways of 

reducing errors, such as 

- Covering and recessing of controls when not in use. 

- Controls are not arranged in a manner where they can be pushed or hit by a leg 

or arm/hand by accident during a usual or main movement in operating the 

machine. 
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- Direction of the control movement is not the same as the direction of movement 

of the extremity that is actuating the control. 

 

2.4 Data Collection 

Before beginning a design process, it is beneficial to collect data to inform design 

choice.  The controls most used, and their sequence should to be determined before 

they can be arranged accordingly.  Task analysis is a common method used in 

ergonomics in collecting information.    Lehto and Buck  (2008) describe one method for 

task analysis that was first developed in the late 19th century by Frederick Taylor and 

Frank Gilbreth.  Taylor and Gilbreth observed the tasks of factory workers to break them 

down into specific actions for each task.  From these experiences, Gilbreth and his wife 

Lillian continued on to publish the idea of a flow process chart in the early 1920’s.  This 

type of chart is useful in organizing the breakdowns of a task.  The chart indicates the 

flow of the work, and indicates the time differences between each subsequent action.  It 

can then be observed which tasks were performed the most frequently and the 

sequence of the events as all the times of use are recorded for each operation.   

In the case of agricultural tractors, the frequency of use of each control can be 

observed using this method as well as determining the sequence (if any) of control use.  

Lehto and Buck (2008) also describe the importance of task time-line analysis.  This 

concept described the analyzing the sequence of tasks to be done for operations that 

are time sensitive.  Although tractors drive slowly, many tasks involving the controls are 

done at the turn of a parallel pass at the end of the field.  Thus it is important that 
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controls are designed so that controls used closely in sequence must be easily done in 

the time frame of a turn around. 

Another method to collect data is to interview experienced professionals.  There 

are two types of interviews that are useful for ergonomic information collection – 

directed and non-directed interviews (Lehto and Buck 2008).  Non-directed interviews 

are used when the interviewee elaborates on whatever comes to mind, whereas 

directed interviews have a set of pre-determined questions that the interviewer asks the 

subject.  A combination of these two types of interviews is suggested to be best for 

ergonomic purposes (Lehto and Buck 2008).  The directed aspect of the interview can 

lead the discussion in the direction desired by the interviewer, but leaves space for the 

interviewee to impart knowledge or information of which the interviewer may not have 

been aware.  This type of interview gives the person being interviewed the capacity to 

think freely and mention spontaneous information that comes to mind. 

 

2.5 Feedback 

The control panel needs to provide feedback to the user.  This feedback provides 

information back to the user in regards to the operations and warnings/emergencies 

pertaining to the tractor.  Different issues need different types of feedback.  For 

example, warnings or emergencies would need lights and sounds to indicate problems.  

In contrast, to provide the operator feedback as to whether the implement being 

operated behind the tractor (e.g. seeder, harvester, etc) is raised or lowered into the 

ground, the control itself should provide the feedback.  For example, a rocker switch 

could be used, when the lower half is depressed, the seeder would be in the lowered 
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position, and when the upper half is depressed, the seeder would be in the upward 

position.  Many aspects of visual feedback, such as control coding, were discussed in 

previous sections. 

 

2.6 Auditory Feedback 

Visual feedback from the monitoring screens is an obvious way for the operator 

to receive feedback.  However, for warning of emergencies as well as diagnostics, 

auditory feedback could be a useful addition to the visual feedback. 

It is important to choose appropriate alarms for warnings and emergencies.  Xiao 

and Seagull (1999) stated that it is important to try to avoid common problems with 

alarms.  These problems include false alarms, nuisance (or wrong context) alarms, and 

inopportune (or wrong time) alarms.  False alarms are problematic, and many designers 

adopt a “better safe than sorry” philosophy.  In these instances the threshold of the 

alarm to ring is set at too low of a setting and thus causes many false alarms.  If there 

are high rates of false alarms, it decreases the performance between the human-

machine systems, as operators begin to ignore all alarms (Xiao and Seagull 1999).  

This can be dangerous, as an operator could ignore an important alarm.  Inopportune 

alarms are usually caused by major disturbances within the machine system, and many 

alarms are set off as a result, even though they may only be indicating minor deviations 

from normal parameters.  This cascading effect of many alarms can be overwhelming 

for the operator (Xiao and Seagull 1999), which is undesirable if it is an emergency 

situation, where stress levels are already high.  Nuisance alarms are less dangerous 
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than false and inopportune alarms, but should be avoided for the same reason as false 

alarms, as the operator could begin ignoring alarms. 

It is thus important to carefully select when auditory warnings should be used.  

Also, careful consideration should be taken with the types of sound used.  Proper 

design of auditory signals can improve operator performance and also reduce the 

occurrence of accidents (Edworthy 1991).  Different types of auditory signals have been 

found to be perceived at differing levels of urgency by users (Haas and Casali 1995).  It 

was found that warnings with high pulse levels as well as short intervals between pulses 

were perceived as more urgent.  Signals that had no time-lapse interval were perceived 

as most urgent of all.  In addition, this study also concluded that auditory signals with 

higher pulse levels had a quicker reaction time by the operator.  

 

2.7 Multifunctional Controls 

 When designing a control such as a joystick, which has buttons that have other 

functions, Wierwille (1984) outlined that the design of these multifunctional controls 

should take into account the following: 

- The operator should not have to look at the control in order to operate all its 

functions. 

- The hand should be able to remain in contact with the primary control throughout 

operation. 

- The operation of auxiliary controls should be able to be done without having to 

lose physical contact with the primary control. 
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3.0 METHOD  

 The most frequently used control as well as any sequence of use needs to be 

determined to design a new control panel for a remotely operated tractor.  In addition, 

the advice of experienced professionals as well as tractor operators was sought in order 

to provide practical feedback on design criteria. 

Data and information were collected in two ways: ride-alongs and interviews.  

Ride-alongs were conducted with tractor operators.  Interviews were conducted with 

design engineers at a local tractor manufacturer in Winnipeg, Manitoba as well as the 

tractor operators who participated in the ride-alongs.  The Ethics Committee at the 

University of Manitoba granted approval for both the interviews and the ride-alongs. 

Conceptual design of the control panel was done in an iterative process.  It was 

constantly evaluated using both the Index of Functionality developed by Drakopoulos 

and Mann (2006) and the Index of Accessibility developed by Banks and Boone (1984). 

 

3.1 Ride-Alongs With Operators 

Six separate ride-alongs were conducted with six different operators and tractors 

during the summer and fall of 2011.  The ride-alongs were 1 h in duration.  Five were 

completed over the months of May and June while farmers were performing normal 

seeding operations using typical air seeders. Four of the tractors were Versatile four-

wheel drive tractors (4WD) and the fifth was a Caterpillar track-type or crawler tractor 

(CT).  The sixth ride-along, which was completed in September, included a John Deere 

mechanical front-wheel drive (MFWD) tractor that was being used to pull a potato 

harvester. 
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The table below outlines the model and (approximate) year of manufacture.  

Some farmers were not aware of the year of their model, as they had been purchased 

many years ago and were used machines. 

Table 2- Tractors Involved in Six Ride-Alongs Completed During the 2011 Farming Year. 

Subject Manufacturer Approximate Model 
Year 

Tractor Type 

Farmer 1 Versatile 1995 4WD 
Farmer 2 Versatile 2008 4WD 
Farmer 3 Versatile 1995 4WD 
Farmer 4 Caterpillar Late 2000’s CT 
Farmer 5 Versatile Late 1980’s 4WD 
Farmer 6 John Deere Early 2000’s MFWD 
 

All the tractors in the study were equipped with auto-steer technology.  Auto-

steer is a system that is installed in tractors to perform precise parallel passes along the 

field.  These systems use GPS technology to provide accurate positioning information.  

When the auto-steer is engaged, the driver does not have to steer nor use the steering 

wheel.  The driver does have to steer during the turns at the end of the pass (referred to 

as headland turns) to re-align the tractor for the next parallel pass along the field.  Auto-

steer systems differed for each tractor.  All of the models except for the Caterpillar and 

John Deere had their auto-steer system installed as an add-on, whereas the systems in 

the Caterpillar and John Deere models had been installed at the factory. 

Four of the six tractors had manual hydraulic-type controls that utilized levers 

with round knobs at the end. The other two tractors, the Caterpillar and John Deere, 

were newer models with electrical switches and buttons for controls. 

The subjects’ hands were videotaped for the duration of the 1-h sessions. The 

controls that were videotaped and analyzed were all controls used to operate the 
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machinery being pulled by the tractors.  The videotapes were then viewed and each 

time the operator engaged a control, the time was recorded on a spreadsheet.  By 

recording the time interval, both the amount of times the control was used could be 

determined, as could the interval between each use, and the sequence of use between 

the different controls.  There were instances when an operator rested their hand on a 

particular control.  These times were recorded, but were not included in the analysis in 

the frequency of use of each control – only the times the controls were engaged are 

used for analysis.  For the purposes of this study, the steering was not considered as a 

control to be measured. 

 

3.2 Interviews 

3.2.1 Operators 

After each ride-along, the operators were asked a list of questions regarding the 

control panels on their own tractor as well as control panels they had seen in other 

agricultural tractors.   

The following questions were asked: 

1) What do you like the most about the control panel in your tractor? 

2) Do you like the layout of the controls? 

3) Do you find that they are laid out in a way that makes them easy to use? 

4) What do you find most annoying when using the control panel when operating 

the tractor? 

5) Would you make any changes to the control panel in your tractor? If yes, what 

would you change? 
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6) Comparing these controls to other tractors you have used, would you say that 

it’s a good control panel in comparison?  Would you buy a tractor with this control 

panel again? 

7) Does the layout of the control panel play any significance when you’re 

choosing a tractor? 

 

3.2.2 Experienced Industry Professionals 

Interviews were conducted informally with design engineers and other 

professionals employed at a local tractor manufacturer.  A set of questions was 

prepared beforehand.  However, due to the varying expertise of each interviewee, the 

questions were modified accordingly.  Some professionals had more experience with 

the actual placement of controls on the panel, whereas others had expertise in making 

sure the controls were functional.  Each interview was tailored to the individual in order 

to get the best information outcome. 

The following questions were asked in each interview: 

1) How do you approach the design (or re-design) of a tractor’s control panel?  

2) What do you think are the most important things to keep in mind when identifying 

modifications? 

3) Do you ever take ergonomic studies into consideration with your design, or do you 

usually use the expertise found in your design team? 

4) Do you think of ergonomics when you are designing or positioning the layout of 

the control panel? 
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5) Have you received any feedback from farmers of things they like about the 

controls?   

6) Have you received any feedback from farmers of things they do not like about the 

controls?   

7) Are there any things that you’ve learned over the years that must be integrated in 

the layout? 

8) Have you ever completely scrapped a layout and implemented a new control 

panel in a tractor?  If so, what year?  And why was this done? 

9) Where do you see the future of control panels going?   

10) How big of a role do the control layouts play in the purchase of a tractor?  Do 

you think they are significant at all? 

11) Do you have any tips when approaching a new layout?   

12) There is always room for improvement with any design, however, do you think 

that there are some aspects in the current control layout that you’ve “done right” and 

shouldn’t be changed? 

13) What do you think are the most important things to keep in mind when designing 

a control panel? 

14) Are there any general thoughts you would like to share? 
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4.0 RESULTS 

 Since two separate types of tractors were observed, four-wheel drive 

(4WD) and mechanical front-wheel drive (MFWD), the results are separated into two 

categories.  Within the 4WD models, one of the models was a crawler-type (CT) tractor.  

As the CT was operating the same implement as the 4WD tractors (i.e. seeding) it was 

included for comparison in the results section for the 4WD tractors.  

 

4.1 Four-Wheel Drive Tractor (4WD) 

4.1.1 Frequency of Use 

Table 3 – Frequency of Use for 8 Different Control Types Activated 

!"#$%"&' ("$)&'*+$,-)$,"#.'
/#$0%-)&'10$200#'
*+$,-)$,"#.'
345..6'

7%"8"%$,"#'"9'
("$)&'(,40'

3:6'
' ;0)#' <=' ;0)#' <=' ;0)#' <='
<800>' 13.6 10.07 3:03 4:48 14.3 10.6 
(%)#.4,..,"#' 1.6 1.36 9:28 6:17 1.7 1.4 
*?$"@.$00%'A#B)B0' 3 6.00 4:15 1:36 3.2 6.3 
CD>%)?&,+'*,%'<00>0%' 40.6 11.15 1:25 1:49 42.6 11.7 
;"#,$"%' 13.4 13.76 2:31 2:55 14.1 14.5 
<00>0%'+"#$%"&' 16.4 24.08 0:50 0:41 17.2 25.3 
=,990%0#$,)&'E"+F' 2.8 3.71 2:57 3:51 2.9 3.9 
CD>%)?&,+'G)#' 3.8 6.21 7:13 8:01 4.0 6.5 

 

For two of the tractors, an extra control was needed to start/stop the seeder at 

the end of the row (indicated as “”seeder control” in the table).  This technology is not 

needed anymore in newer tractors, and is done automatically with the control to 

raise/lower the seeder in and out of the soil.  The second most used control varied 

depending on the operator.  In the case of the CT tractor, the operator would engage an 

auto-steer control at the end of a turn to set the tractor back on the precise pass down 
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the field.  This was not the case with any of the other models, as they were equipped 

with wheels and not tracks; this kind of mechanism is not possible with wheels, only 

tracks.  For the other tractors, Farmer 1 and Farmer 3 had their monitors as the next 

most engaged control.  These monitors showed various pieces of information 

concerning the implements being pulled by the tractors.  The speed control and 

transmission gearshift were the next most used controls. 

Overall, these results can be interpreted generally as follows: the most used 

controls were 1) the controls that control the implements being pulled at the back of the 

tractor and 2) the controls that controlled the motion of the tractor (speed, auto-steer, 

transmission gear shift), with the air seeder control being the most frequently used 

control of all. 

 

4.1.2 Sequence of Use 

 In order to display sequence of use patterns, or lack thereof, a matrix was 

constructed for each tractor.  Each control type that was used was assigned a number.  

The numbering was as follows: 

1 – Speed control 

2 – Transmission gearshift control 

3 – Auto-steer engage control 

4 – Hydraulic air seeder lift/lower control 

5 – Monitor 

6 – Seeder control 

7 – Differential lock control 
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8 – Hydraulic fan control 

 The data was analyzed to record any sequence between two separate controls.  

The sequence between two controls was only counted in one direction, i.e. a sequence 

from the speed control to the transmission was considered a different sequence than a 

sequence from the transmission to the speed control (1,2 is different than 2,1).  

Subsequently to the matrix tabulation, a percentage was calculated for each control to 

determine how many of a control’s activations were used in a sequence.  This 

percentage was calculated by counting the number of activations that were used in 

sequence and then dividing it by the controls total number of activations over the ride-

along.  This percentage was calculated in order to determine how often each control 

was used in sequence and to use as a comparison tool between the different ride-

alongs. 
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Table 4- Farmer 1 Sequence of Use Matrix 

1,1 1,2 (1) 1,3 (0) 1,4 (5) 1,5 (2) 1,6 (0) 1,7 (0) 1,8 (0) 
2,1 (1) 2,2 2,3 (0) 2,4 (0) 2,5 (0) 2,6 (0) 2,7 (0) 2,8 (0) 
3,1 (0) 3,2 (0) 3,3 3,4 (0) 3,5 (0) 3,6 (0) 3,7 (0) 3,8 (0) 
4,1 (5) 4,2 (0) 4,3 (0) 4,4 4,5 (4) 4,6 (0) 4,7 (0) 4,8 (0) 
5,1 (2) 5,2 (0) 5,3 (0) 5,4 (7) 5,5 5,6 (0) 5,7 (0) 5,8 (0) 
6,1 (0) 6,2 (0) 6,3 (0) 6,4 (0) 6,5 (0) 6,6 6,7 (0) 6,8 (0) 
7,1 (0) 7,2 (0) 7,3 (0) 7,4 (0) 7,5 (0) 7,6 (0) 7,7 7,8 (0) 
8,1 (0) 8,2 (0) 8,3 (0) 8,4 (0) 8,5 (0) 8,6 (0) 8,7 (0) 8,8 

 

Table 5 – Farmer 1 Percent of Control’s Activations That Were Used in Sequence 

!"#$%"&'(%")*'
+),-.%'"/'
01$234$2"#5'

6.%1.#$'"/'01$234$2"#5'75.8'
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9*..8' >?' 32.00 
@%4#5,2552"#' >' 0.00 
0)$"A5$..%'.#B4B.' C' 0.00 
DE8%4)&21'02%'9..8.%' FG' 9.30 
H"#2$"%' G>' 0.22 
9..8.%'1"#$%"&' C' 0 
I2//.%.#$24&'&"1J' C' 0 
DE8%4)&21'/4#' C' 0.00 
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Table 6 - Farmer 2 Sequence of Use Matrix 

1,1 1,2 (0) 1,3 (0) 1,4 (2) 1,5 (0) 1,6 (0) 1,7 (1) 1,8 (0) 
2,1 (0) 2,2 2,3 (0) 2,4 (0) 2,5 (0) 2,6 (0) 2,7 (1) 2,8 (0) 
3,1 (0) 3,2 (0) 3,3 3,4 (0) 3,5 (0) 3,6 (0) 3,7 (0) 3,8 (0) 
4,1 (2) 4,2 (1) 4,3 (0) 4,4  4,5 (0) 4,6 (0) 4,7 (2) 4,8 (0) 
5,1 (0) 5,2 (0) 5,3 (0) 5,4 (0) 5,5 5,6 (0) 5,7 (0) 5,8 (0) 
6,1 (0) 6,2 (0) 6,3 (0) 6,4 (0) 6,5 (0) 6,6 6,7 (0) 6,8 (0) 
7,1 (4) 7,2 (0) 7,3 (0) 7,4 (1) 7,5 (0) 7,6 (0) 7,7 7,8 (0) 
8,1 (1) 8,2 (0) 8,3 (0) 8,4 (1) 8,5 (0) 8,6 (0) 8,7 (0) 8,8 

 

Table 7  – Farmer 2 Percent of Control’s Activations That Were Used in Sequence 

!"#$%"&'(%")*'
+),-.%'"/'
01$234$2"#5'

6.%1.#$'"/'01$234$2"#5'75.8'
2#'9.:).#1.';<='

9*..8' >>' 13.64 
?%4#5,2552"#' @' 33.33 
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9..8.%'1"#$%"&' C' 0.00 
G2//.%.#$24&'&"1H' IJ' 31.25 
DE8%4)&21'/4#' >' 100.00 
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Table 8 - Farmer 3 Sequence of Use Matrix 

1,1 1,2 (0) 1,3 (0) 1,4 (2)  1,5 (0) 1,6 (0) 1,7 (0) 1,8 (0) 
2,1 (0) 2,2 2,3 (0) 2,4 (0) 2,5 (0) 2,6 (0) 2,7 (0) 2,8 (0) 
3,1 (0) 3,2 (0) 3,3  3,4 (0) 3,5 (0) 3,6 (0) 3,7 (0) 3,8 (0) 
4,1 (7) 4,2 (0) 4,3 (0) 4,4  4,5 (0) 4,6 (0) 4,7 (0) 4,8 (0) 
5,1 (0) 5,2 (0) 5,3 (0) 5,4 (0) 5,5 5,6 (1) 5,7 (0) 5,8 (0) 
6,1 (0) 6,2 (0) 6,3 (0) 6,4 (40) 6,5 (0) 6,6 6,7 (0) 6,8 (0) 
7,1 (0) 7,2 (0) 7,3 (0) 7,4 (0) 7,5 (0) 7,6 (0) 7,7 7,8 (0) 
8,1 (0) 8,2 (0) 8,3 (0) 8,4 (0) 8,5 (0) 8,6 (0) 8,7 (0) 8,8 

 

Table 9  – Farmer 3 Percent of Control’s Activations That Were Used in Sequence 
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Table 10 – Farmer 4 Sequence of Use Matrix 

1,1 1,2 (0) 1,3 (0) 1,4 (0) 1,5 (0) 1,6 (0) 1,7 (0) 1,8 (0) 
2,1 (1) 2,2  2,3 (0) 2,4 (0) 2,5 (0) 2,6 (0) 2,7 (0) 2,8 (1) 
3,1 (0) 3,2 (0) 3,3 3,4 (12) 3,5 (0) 3,6 (0) 3,7 (0) 3,8 (0) 
4,1 (0) 4,2 (0) 4,3 (0) 4,4 4,5 (0) 4,6 (0) 4,7 (0) 4,8 (0) 
5,1 (0) 5,2 (0) 5,3 (0) 5,4 (0) 5,5 5,6 (0) 5,7 (0) 5,8 (0) 
6,1 (0) 6,2 (0) 6,3 (0) 6,4 (0) 6,5 (0) 6,6 6,7 (0) 6,8 (0) 
7,1 (0) 7,2 (0) 7,3 (0) 7,4 (0) 7,5 (0) 7,6 (0) 7,7  7,8 (0) 
8,1 (0) 8,2 (0) 8,3 (0) 8,4 (0) 8,5 (0) 8,6 (0) 8,7 (0) 8,8 

 

Table 11 – Farmer 4 Percent of Control’s Activations That Were Used in Sequence 
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Percent of Activations 
Used in Sequence (%) 

6*..7' 8' 0.00 
9%4#5,2552"#' :' 66.67 
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Table 12 - Farmer 5 Sequence of Use Matrix 

1,1 1,2 (0) 1,3 (0) 1,4 (0) 1,5 (0) 1,6 (0) 1,7 (0) 1,8 (0) 
2,1 (0) 2,2 2,3 (0) 2,4 (0) 2,5 (0) 2,6 (0) 2,7 (0) 2,8 (0) 
3,1 (0) 3,2 (0) 3,3 3,4 (0) 3,5 (0) 3,6 (0) 3,7 (0) 3,8 (0) 
4,1 (0) 4,2 (0) 4,3 (0) 4,4  4,5 (0) 4,6 (18) 4,7 (0) 4,8 (0) 
5,1 (0) 5,2 (0) 5,3 (0) 5,4 (0) 5,5 5,6 (0) 5,7 (0) 5,8 (0) 
6,1 (0) 6,2 (0) 6,3 (0) 6,4 (0) 6,5 (0) 6,6  6,7 (0) 6,8 (0) 
7,1 (0) 7,2 (0) 7,3 (0) 7,4 (0) 7,5 (0) 7,6 (0) 7,7 7,8 (0) 
8,1 (0) 8,2 (0) 8,3 (0) 8,4 (0) 8,5 (0) 8,6 (7) 8,7 (0) 8,8 

 

Table 13 – Farmer 5 Percent of Control’s Activations That Were Used in Sequence 
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In terms of sequence of use, patterns were observed in Farmers 3, 4, and 5.  

Farmer 3 and Farmer 5 had sequential use between the air-seeder lift/lower control and 

the seeder monitors.  Farmer 4 had sequential use between the lowering of the seeder 

when the operator would be finishing his turn at the end of the row and the re-engaging 

of the auto steer.  The operator would re-engage the auto-steer and then lower the air-

seeder when the tractor was at the proper location.  For all 3 of these operators, the 

number of activations that were used in sequence were all above 55% of the total 

number of activations over the whole ride-along.  There were other controls in certain 

farmers where the percentage was above 55%, for example the hydraulic fan in farmers 
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2 and 5.  However, the number of activations for the hydraulic fan was very small and in 

farmer 3 the hydraulic fan was not activated within a sequence.  Also, the control used 

in sequence is not consistent, with Farmer 5 using it in sequence with the monitor 

control for the air seeder, and Farmer 2 using it in sequence with the hydraulic lift/lower 

control for the air seeder and the speed control. Thus, it cannot be proven that there is 

an actual sequence in general, only that for the certain farmers (farmers 2 and 5) a 

sequence was observed with the hydraulic fan. 

Beyond the sequences that were observed in Farmer 4 with the auto-steer and 

hydraulic and the use of the seeder control is now obsolete in newer models of tractors, 

their can be no finite sequential patterns that can be determined from this data over all 

the tractors. 

 

4.2 Mechanical Front Wheel Drive (MFWD) 

4.2.1 Frequency of use 

Table 14 – Frequency of use for 8 different control types activated for MFWD tractor 

Control Total 
Activations 

Proportion of 
Total Time % 

Speed Control 40 13.5 
Engine power throttle 
control 24 8.1 
Electro-hydraulics 8 2.7 
Harvester Blade 105 35.4 
Harvester Boom 112 37.7 
Harvester Steering knob 7 2.4 
Harvester Shaker 1 0.3 

 

For this operator in particular, he was constantly manipulating the harvest boom 

control to raise and lower the boom so that there was no more than a 6” (15 cm) drop 
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for the potatoes into the harvest truck.  It was not possible to see on video each time he 

engaged the control, as his hand was blocking the view.  What was counted as 

engaged was when the operator would move his hand onto the switch itself.  Thus the 

control was engaged more than what was officially counted in the results.  It is still the 

most frequently used control as per the counted results, but in actuality, the control was 

engaged many more times than is documented. 

Like 4WD tractors, the results for the MFWD tractor can be generalized as the 

most frequently used controls being 1) the controls to operate the implement being 

pulled and 2) the controls to manipulate the motion of the tractor with the harvest boom 

control being the most frequently used control of all. 

 

4.2.1 Sequence of Use 

The same matrix used for the 4WD sequence analysis was used for the MFWD.  

The following were the numbers assigned for each control: 

1 – Speed control 

2 – Throttle control 

3 – Hydraulic controls  

4 – Blade control 

5 – Boom control 

6 – Steering knob control for blade  

7 – Shaker control for blade 
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Table 15 - Farmer 6 Sequence of Use Matrix 

1,1 1,2 (6) 1,3 (0) 1,4 (3) 1,5 (7) 1,6 (2) 1,7 (0) 
2,1 (16) 2,2 2,3 (0) 2,4 (0) 2,5 (0) 2,6 (0) 2,7 (0) 
3,1 (7) 3,2 (0) 3,3 3,4 (0) 3,5 (0) 3,6 (0) 3,7 (0) 
4,1 (0) 4,2 (0) 4,3 (0) 4,4 4,5 (104) 4,6 (18) 4,7 (0) 
5,1 (0) 5,2 (0) 5,3 (0) 5,4 (112) 5,5 5,6 (0) 5,7 (0) 
6,1 (3) 6,2 (0) 6,3 (0) 6,4 (0) 6,5 (0) 6,6 6,7 (0) 
7,1 (0) 7,2 (0) 7,3 (0) 7,4 (0) 7,5 (0) 7,6 (0) 7,7 

 

Table 16  – Farmer 5 Percent of Control’s Activations That Were Used in Sequence 
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There were controls that were used in sequence with one another.  The control 

for the harvester blade and boom were always used in sequence together.  The 

operator would adjust them both constantly during the harvesting operations.  During 

the turns at the end of the field, the rotary switch on the harvest controller was engaged 

alongside the speed control.  This rotary switch turns the wheels of the harvester.  Thus 

during the turn the operator is manipulating the speed, along with the steering and the 

harvester knob control in close sequence to one another.  In the ride along for the 

MFWD tractor, most of the controls were used in a sequential pattern due to the type of 

operation (potato harvesting).  It would be useful for future research to conduct task 
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analysis specifically in MFWD tractors to see if these results are consistent over several 

operators. 

 

4.3 Interviews 

In both the interviews with professionals and farmers, all indicated that usability 

of controls is one of the most important factors.  Usability refers to the operator’s access 

and ease of engagement of the controls.  

 

4.3.1 Experienced Professionals 

Many of the questions from the outlined list of questions were not answered 

because many of them had not considered them when designing (Please see appendix 

2 with answers to specific questions).  Much of the new design layout was done by 

copying what competing manufacturers had already done, and the main concern was 

making their design fit into the space that had been allocated to them by marketing as 

well as having a modern looking esthetic.  Little new innovation was considered.  They 

copied other manufacturers and then bought pre-made clusters of buttons and switches 

from suppliers.  Upon observing the new cab (no pictures are included because it is still 

in production and cannot be published) the groupings of the controls was done with the 

clusters that were given to them.  For example the hydraulics were grouped together but 

the groupings for the traditional tractor controls (i.e., lights, windshield wiper) were not 

grouped at all, either with colours or location. Instead of having the supplier meet any 

grouping requirements, the supplier gave the clusters to the engineers and they 

grouped around what they were given.  Considering that the scientific literature 
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indicates that misplaced grouping is worse than no grouping at all (Kotval and Golberg 

1998), this a poor design in ergonomic terms. 

Ergonomics was not at the forefront with the persons interviewed.  It seemed that 

most requirements came directly from the marketing group, and the most important 

aspect to the control panel was its esthetics.  One engineer mentioned that functionality 

and usability were also not considered, much time was spent on the layout, but not what 

type of buttons, even though usability was one of the areas identified as being of utmost 

importance by other professionals.  It appears that emphasis was put on the control 

panel having a ”modern look” instead of actual usability and efficiency based on 

ergonomic and cognitive theories and practices. 

 

4.3.2 Farmers (Operators) 

There was a trend among the younger operators towards a preference for newer 

and more “modern-looking” control panels.  There was a preference towards the button 

and switch type controls vs. the manual hydraulic controls in three of the five operators, 

all three being younger operators under the age of 30.  The two other operators (over 

the age of 40) preferred the manual hydraulic controls.  Their reasoning was that these 

controls were mechanical (and not electrical) and they would be capable of fixing the 

controls themselves should a problem arise with the tractor.  With newer electrical type 

panels, a repairman is needed to fix the panel if there is an issue with the hydraulics.  

The younger operators also indicated that the control panel would influence their 

purchase of a new tractor, whereas the older operators indicated price as their largest 

influence.   
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There is important information concerning control panels that was shared by the 

operator of the Caterpillar model (CT).  This model had a modern electro-hydraulic 

control panel.  The operator explained that before his job with the farm, he had never 

operated a tractor before, although he had operated other large machinery.  He 

mentioned that the control to re-engage the auto-steer looked very similar to the control 

to turn on the auto-steer.  As a result, when he first began operating the tractor during 

his first seeding season, he would mistakenly hit the wrong button and completely turn 

off the auto-steer mechanism, instead of re-engaging it.  

 

 

Figure 1 - Control Panel Caterpillar Model 
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Figure 2- Similar Looking Control on Caterpillar Control Panel 

 
This mistake would cause frustration for the operator as well as delays during an 

already stressful and time-sensitive operation.  It is a good example of how esthetics is 

being considered over ergonomics.  Many of the older manual hydraulic control panels 

had color-coded levers, whereas many newer control panels, from studying sales 

brochures of tractor manufacturers, do not code their controls, with many being all 

black. 
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4.4 Information Pertinent from MFWD Ride-Along 

There is a special case of ergonomic interest from the experience with the ride-

along in the MFWD tractor harvesting potatoes.  This operator had to spend the majority 

of his time monitoring the height of the arm where the harvest potatoes came out of and 

were deposited into the adjacent truck.  The height of the arm could not be more than 6” 

(15 cm) from where the potato would land to ensure the potatoes would not bounce out 

of the harvesting truck and to prevent bruising.  As a result, the operator was constantly 

positioned in an uncomfortable position.  He would manipulate the control to raise and 

lower the height of the arm with his left hand and reach out for the speed control with his 

right hand, to ensure he stayed at the same speed as the harvesting truck collecting the 

potatoes.  His legs would be facing forwards while his torso would be to the left.  He 

was asked if he was sore after a days work, and the operator indicated that he had a lot 

of pain in his neck when the day was over.  To alleviate the stress to his neck, the 

operator explained that he would remove his shoes and sit cross-legged on the seat so 

that his feet would be facing the right side of the tractor instead of forward.  
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Figure 3– John Deere Model Operator’s Hand Position  
 

The above figure is a good indication of how important good ergonomic 

interventions are within the scope of tractor panels.  In the image you cannot see his 

head, but it is turned and looking at the harvester boom.  In this particular John Deere 

model, the driver’s seat (which included the control panel) could swivel left to right 45°.  

Even though it is an improvement over driver’s seats that do not have any mobility, the 

seat’s turning capability was not nearly large enough to avoid the operator’s awkward 

position.  

In summation, it was found that the most frequently used controls all related to 

the implement being pulled by the tractor.  The second most used group of controls 
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were those that manipulated the motion of the tractor.  There was no pattern for the 

sequence of use for the 4WD and CT tractors controls across all five ride-alongs.  The 

MFWD tractor had a sequence of use pattern that was apparent at the end of the turn: 

the rotary switch on the harvest controller to turn the wheels of the harvester was 

engaged in sequence with the speed control.  From the interviews with the design 

professionals, it was discovered that ergonomics is not a major factor when designing 

the control panels – more emphasis is placed on esthetics (i.e. “a modern look”) than on 

ergonomic functionality.  However, as was seen with the operator of the Caterpillar 

model, placing more emphasis on esthetics than on ergonomic functionality can be very 

frustrating for the operator, specifically when two controls are placed close together that 

look similar, and the wrong control is engaged as a result.  As for the interviews with the 

operators, the younger operators tended to prefer the newer electrical switch panels vs. 

the older operators who preferred the lever-type manual panels.   
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5.0 CONCEPTUAL DESIGN 

5.1 Design Criteria 

The conceptual design was done using multiple iterations. Knowledge from the 

information and data collected by the field study and interviews, the literature review, 

and the two index scores (Index of Functionality and Index of Accessibility) were used to 

try to improve upon each subsequent conceptual design. 

From the ergonomic literature, each control panel was designed and evaluated 

against the criteria in Table 17.   

Table 17 – Explanation of Design Criteria 
Topic Criteria 
Size of the panel Is the size of the panel reasonable in relation to a regular 

computer monitor screen?  The panel should be able to fit 
comfortably on a desk in a home office. 

Adaptability to current 
tractor cabs 

As it is unknown how long it will be before the implementation 
of remotely operated tractors, the control panel should be 
easily importable into a current cab design (i.e., the panel must 
easily be adaptable). 

Grouping Controls with similar functions are grouped together.  Also, 
controls that are used in sequence should be in proximity to 
each other. 

Colour Distinctive colours are used so that the operator can easily 
locate similar controls and most frequently used controls, but 
also easily differentiate between dissimilar controls. 

Size the control size should fall within standard guidelines (ASAE 
1999) but can also be used as a distinguishing factor to 
differentiate between controls. 

Location Each control should be placed in an optimal location for its 
function.  Most frequently used control should be closest and 
most easily accessible to the user. 

Spacing As outlined in the literature review, there are optimal distances 
between different control types.  These distances should be 
adhered to as much as possible. 

 

 

 



 39 

The following table was used for each design to ensure, as much as possible, that 

each panel adhered to the design criteria outlined above: 

Table 18  - Design Criteria Checklist 

Criteria   
    
Panel Size   
- is the panel an appropriate size?  
- is the panel easily adaptable into a current tractor?  
   
Grouping and Coding  
- are similarly functioning controls the same or similar 
colours?  
- are similarly functioning controls of the same type of 
controls?  
- are similarly functioning controls located in proximity to 
each other?  
- Are the controls of reasonable size for easy engagement by 
the operator?  
   
Location  
- Are the most frequently used controls in a prominent 
location?  
- is the control panel arranged in a way that makes sense to 
the user?  
   
Spacing  
- Do the distances between controls fall within those 
suggested by ergonomic literature?  

 

In addition to the ergonomic factors and study results, the Index of Functionality 

and Index of Accessibility were used to provide quantitative numerical scores for each 

control panel.  Each panel tried to improve on the last index’s score.  The Index of 

Functionality is scored from 0 to 1, with a score of 1 being the optimal score.  Many 

different aspects of the panel are taken into consideration with the index of functionality, 
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including control types, placement, size of controls, and accessibility to user.  The Index 

of Accessibility, in contrast, is a much simpler model.  It takes into account the 

operator’s reach envelope, frequency of use, and relative physical positions of controls.  

It has a score of -2.0 to +1.0, with +1.0 being the optimal score.  Calculations for the 

Index of Functionality and the Index of Accessibility are provided in Appendix 2 and 

Appendix 3 respectively. 

Types of controls were determined before any type of coding (size, colour, 

texture) or spacing/location were decided upon.  Choices and explanations are outlined 

in a subsequent section. 

 

5.2 Assumptions 

The control panel was designed with four assumptions pertaining to available 

technologies and setup.  These assumptions influenced decisions on all aspect of the 

control panel. 

The first assumption is that a monitor provides visual feedback to the user.  This 

monitor will have visual feedback from video cameras positioned at critical positions on 

the tractor.  These critical positions must include: the front line of sight that would be 

similar to the line of sight if the operator was physically within the cab looking forward 

and the back line of sight in order to monitor the implement.  Other recommended 

cameras could provide visual feedback for the sides of the tractor and at critical areas of 

the implement being operated behind the tractor. 
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The second assumption is that warning messages/feedback will be embedded into 

the screen of the monitor.  It is recommended that they appear well in the line of sight of 

the operator. 

It is assumed that the tractor has the capacity to perform turns at the end of the rows 

without steering intervention from the operator.  It is also assumed that the operator will 

have to steer for the initial pass around the edge of the field to “program” where the 

edges of the field are.  

The final assumption is that the edges and corners of the field will be equipped with 

some safety mechanism, such as electronic posts, that will cause the tractor to stop 

completely if the tractor crosses the electronic “fence” that the posts creates.  This 

safety mechanism is to prevent the tractor from running off field should the operator be 

distracted at their remote location. 

 

5.3 Control Type Choice 

The types of controls were determined before they were placed and coded.  They 

were determined beforehand as the ASAE and the tractor manufacturing industry 

standardize many control types (ASAE 1999).  Some controls were used in some 

panels and not others to evaluate if different types would yield better Index of 

Functionality scores, as these scores do rely on the type of control used.  Control type 

choices were based on several factors. Usability and appropriateness of the control via 

its function largely influenced the choice.  In addition, typical control types that are used 

currently in tractors, especially the control types used in Versatile tractors, influenced 
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the decision.  In many cases, the type of control that Versatile Industries currently uses 

for a particular function was used for simplicity sake. 

 

5.3.1 Push Buttons 

Push buttons were used for the controls for lights, emergency stop, cruise 

control, diagnostics, and auto-steer control.  These push buttons have graphics on them 

that light up from a backlight when the control is deemed “on”.  As well, there is 

capability to toggle between different settings with the same control.  The lights at the 

top of the control indicate which setting.  This toggling is useful for tractor lights to 

control the intensity needed, as it can depend on the time of day, or to toggle between 

screens and sounds for the diagnostic controls. 

 

 

Figure 4 – Example of Rear Light Push Button That Has Three Different Settings for Light 
Intensity. 

 

5.3.2 Steering Wheel 

The steering wheel is modeled after a typical steering wheel to control the 

manual steering of the tractor, although smaller in scale.  There is a knob for ease of 

use to turn the steering wheel as it is a miniature version of a regular wheel.  This knob 

has a button on the top; when the button is pressed, it remains down, and the steering 
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wheel overrides the auto-steer feature even if it is on.  When the button is in the up 

position, the steering wheel is locked into place, and if the wheel is bumped or engaged 

by accident, it will not move.  This button acts to prevent accidental engaging of the 

control.   

At the center of the wheel, the tractor’s horn is present, as it is with typical 

steering wheels in vehicles.  The horn can be engaged at any time, regardless if the 

steering wheel is in the locked position or not.  

 

5.3.3 Joystick 

A joystick is employed for the forward and reverse direction of the tractor, along 

with the shifting of the transmission gear.  These types of joysticks are increasingly 

used for this function in current tractors, including Versatile models.  The joystick can 

only move forward and backwards, it cannot move left-right (side to side).  It also has a 

push button that must be pushed to move the lever from neutral to forward, neutral to 

reverse, or forward to reverse (and vice-versa).  The lock button does not need to be 

pushed in order to move the lever from forward to neutral or reverse to neutral for safety 

reasons. 

A joystick that only moved in the horizontal direction was also used in the first 

version of the control panel.  It was utilized to steer the tractor left to right instead of a 

steering wheel. 

 

5.3.4 Rocker Switch 

A rocker switch is employed for the parking brake and was also considered for 

the Forward-Neutral-Reverse motion control in one version of the panel.   For the 
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parking brake, a rocker switch was chosen versus a regular push button because a 

parking brake is typically in the “on” position when the tractor is in use.  To avoid 

confusion, the rocker switch is used with a simple toggling on/off that is labeled on the 

switch itself.  For the Forward-Neutral-Reverse control, the switch toggles between the 

three settings.  It was used to see if a rocker switch could yield a better Index of 

Functionality score than a joystick. 

 

5.3.5 Toggle switch 

Toggle switches were utilized for the hydraulic controls for the implements being 

pulled by the tractor.  Their positioning was such that in their “rest” state, they are in the 

depressed position.  When the toggle switch is engaged, it stays depressed to indicate 

that the implement is down.  The toggle has to be pushed again to spring back to the 

neutral position.  Toggles switches were also employed because these are the kinds of 

switches that are used currently in the Versatile tractors for electro-hydraulics as well as 

many other current tractor models, including John Deere, New Holland, and Caterpillar. 

 

5.3.6 Rotary control 

A rotary is utilized for the speed control.  It rotates up and down, with the “up” 

position being the faster speed, and the “down” position being the lower speed.  Having 

a rotary control gives a good array of positions for the differing speeds.  These types of 

controls are currently used in the Versatile models and are also outlined as the proper 

type of control for speed in the ASAE standard for agricultural vehicles (ASAE 1999). 
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5.4 Control Arrangements 

Each control arrangement was conceived with the design criteria as outlined in 

Table 15.  Each panel was conceptually designed and drawn as a CAD model.  Both 

Index of Functionality and Accessibility were calculated for each.  Each design’s 

strengths and weaknesses are discussed using the design criteria table and the index 

scores. 

 

5.5 Control Panel Design - Version One 

 

 

Figure 5 – Control Panel Version One 
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The first conceptual design was the most challenging, as all the criteria had to be 

considered into one design.  As outlined in the previous section, types of controls were 

decided upon before placement onto the control panel layout.  This first step made the 

layout decision easier as it eliminated the need to also determine what types of controls 

needed to be used.  The goal of the first control panel was to set a baseline for each 

subsequent control panel and to provide an initial concept to build on.  It was known 

from the outset that this design would most likely not be the one chosen but used more 

as a guideline to see what kind of index scores it would yield and how well an initial 

attempt would adhere to the design criteria. 

 

5.5.1 Description 

The first version of the control arrangement utilized joysticks to control the 

steering.  Joysticks were chosen due to the ubiquity of video games and the comfort 

that many young operators would have using joysticks to manipulate the direction of the 

motion of the tractor.  The rounded joystick controls the forward movement of the 

tractor, with three settings: forward, neutral, and reverse.  The joystick to its right 

controls the side-to-side movement of the tractor, to be used when the tractor needs to 

turn.   

The speed control is to the left of the F-N-R (forward-neutral-reverse) control.  It 

was placed there so the operator can easily control the speed with their left hand while 

manipulating either joystick.  The emergency stop (red square button) is placed on the 

bottom right hand corner.  This placement is to make sure that the emergency stop is 

easily accessible to the operator, and as the majority of the population is right handed 
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(estimations are 70% of 90% of the populations (Holder 2001).  The toggle switches in 

the middle of the panel are the electro-hydraulics to control the implements that are 

being pulled behind the tractor.  The left-most toggle switch is a different colour and 

slightly larger than the other three.  This switch is to be the control for the most used 

function for the implement being pulled (for example, the air seeder lift/lower 

mechanism for large 4WD tractors would be the left most toggle switch).  The control 

panel should be placed in front of the user with the toggle switches centered to the 

operator.  This placement is to ensure that the hydraulics are most easily reachable and 

accessible to the operator, as the main hydraulic is the most frequently used control. 

The control cluster on the left-hand side contains the windshield wipers, lights, 

and the control to turn on the auto-steer function. 

All panels were built with an inclined surface.  This incline ensures that the eye 

moves upwards towards the screen to monitor the video of the tractor surroundings.  

The incline allows the panel to occupy a larger area in the operator’s bottom peripheral 

vision when monitoring the screen. 
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5.5.2 Design Criteria Adherence 

Table 19 – Design Criteria Checklist Control Panel Version One 

Criteria   
    
Panel Size   
- is the panel an appropriate size? Yes 
- is the panel easily adaptable into a current tractor? No 
   
Grouping and Coding  
- are similarly functioning controls the same or similar 
colours? Yes 
- are similarly functioning controls of the same type of 
controls? Yes 
- are similarly functioning controls located in proximity to 
each other? Yes 
- Are the controls of reasonable size for easy engagement by 
the operator? Yes 
   
Location  
- Are the most frequently used controls in a prominent 
location? Yes 
- is the control panel arranged in a way that makes sense to 
the user. No 
   
Spacing  
- Do the distances between controls fall within those 
suggested by ergonomic literature? Yes 
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5.5.3 Index Scores 

Index of Functionality: 0.551 

Index of Accessibility score: -0.212 

 

5.5.4 Discussion of Design Criteria and Index Scores 

5.5.4.1 Panel Size 

The panel size was based on the size of a current computer keyboard to make it 

fit easily in front of a desktop computer.  However, it is not easily adaptable to a current 

tractor model – many components would need to be moved in order to fit into a current 

tractor cab armrest control console.  The control cluster to the left of the panel would 

have to be moved, either above the speed control or below the hydraulics, eliminating 

the proximity of the auto-steer from the main hydraulic control and the other controls for 

the motion of the tractor.  The steering joystick would have to be removed, and the 

emergency stop button would be in an awkward position for the operator and could be 

engaged inadvertently. 

 

5.5.4.2 Grouping and Coding 

The controls are well grouped, with similar groups either located together 

(hydraulic controls) or coloured similarly (all controls that have to do with the motion of 

the tractor have a green colour).  The control sizes (see Appendix 1 for dimension 

drawings of controls) are all within the recommended sizes from the literature review.   

 

5.5.4.3 Location 
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The most frequently used control, the hydraulic control to adjust the implement at 

the back, is placed in the most prominent location: directly center-front of the user.  It is 

also a little larger and of a different colour than the other hydraulics to create visual 

distinction for the user.  The controls for the motion of the tractor were placed just above 

the hydraulics for ease of reach, as they are the second most used control.  The control 

to engage the auto-steer was also placed on the same plane as the hydraulics as it may 

need to be engaged in close sequence to the lift/lower control for the implement bring 

pulled behind the tractor.  The emergency stop was also placed prominently on the 

bottom right hand corner for easy engagement should an emergency occur. 

One issue with the location of controls is the location of the control cluster.  In typical 

tractors, most controls are located to the right of the steering control.  This criterion is a 

critical factor in the calculation of the Index of Functionality.  Having most of the controls 

to the left of the steering joystick would be different from the typical tractors that 

operators are used to driving.  Thus it is a design flaw that there are controls to the right 

of the steering control.  In addition, a lack of a steering wheel also contributed to a lower 

score from the Index of Functionality, as the presence of a steering wheel is a large 

contributor to the score. 

 

5.5.4.4 Spacing 

The spacing between the controls fell within the recommended 50 mm. 
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5.6 Control Panel Design – Version Two 

 

Figure 6 – Control Panel Version Two 

 

After reviewing the scores for the first control panel, it was apparent that the lack 

of steering wheel was affecting the Index of Functionality score.  A steering wheel was 

added to improve the panel’s Index of Functionality score and also for the fact that a 

steering wheel would be familiar to farmers as the steering component. All other 

aspects of the control panel remained the same to isolate how changing only one 

component (i.e., the steering wheel) would affect the score, leaving the change of 

having most controls to the left of the steering component to a subsequent design.   
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5.6.1 Design Criteria Adherence 

Table 20 – Design Criteria Checklist Control Panel Version Two 

Criteria   
    
Panel Size   
- is the panel an appropriate size? Yes 
- is the panel easily adaptable into a current tractor? No 
   
Grouping and Coding  
- are similarly functioning controls the same or similar 
colours? Yes 
- are similarly functioning controls of the same type of 
controls? Yes 
- are similarly functioning controls located in proximity to 
each other? Yes 
- Are the controls of reasonable size for easy engagement by 
the operator? Yes 
   
Location  
- Are the most frequently used controls in a prominent 
location? Yes 
- is the control panel arranged in a way that makes sense to 
the user. No 
   
Spacing  
- Do the distances between controls fall within those 
suggested by ergonomic literature? Yes 
 

5.6.2 Index Scores 

Index of Functionality: 0.654   

Index of Accessibility score: -0.167 
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5.6.3 Discussion of Design Criteria and Index Scores 

As most components remained the same, the discussion for panel one applies to 

panel two.  However, comparing the panels one and two, it is clear that the second 

panel has higher scores than the first.   The presence of a steering wheel increased the 

score for both the Index of Accessibility and Functionality, with the Functionality score 

increasing by 0.103, which amounts to a better score of 18.6%.  In addition, the 

presence of a steering wheel to control the motion of the tractor will be more familiar to 

farmers who are accustomed to current tractor models.  Thus from these results, it was 

decided that a steering wheel would be present in all subsequent designs. 
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5.7 Control Panel Design – Version Three 

 

Figure 7 – Control Panel Version Three 

 

Version three differs considerably from versions one and two.  It was concluded 

that the presence of the steering wheel would increase the functionality scores and 

would be more familiar to operators.  Operators are accustomed to manipulating the 

steering with their left hand while operating other controls using their right hand.  Also, 

by manipulating the Index of Functionality equation, it was determined that score 

increases if all the controls are to the right of the steering wheel. Thus, this panel was 

designed to resemble more closely current tractor control panels  – with the control 

cluster being to the right of the speed and hydraulic controls.  Also, the joystick for 
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forward-neutral-reverse was replaced by a rocker switch and push buttons to evaluate if 

switches would yield a higher Index of Functionality score. 

 

5.7.1 Description 

In this model, the operator is expected to place the panel so that s/he is centered 

between the steering wheel and the hydraulic control.  Both index scores were 

calculated with this off-centered placement, to ensure that the steering wheel was to the 

left of the operator and the other controls were to their right hand side. 

The placement of the hydraulics is also different from the previous panels.  

Instead of being upright and placed at the back of the recess in the panel (to curb the 

possibility of unintentional engagement of the control), the toggle switches are placed 

horizontally.   This change was done so the hydraulics would be closer to the operator, 

thus making more frequently used controls closer to the operator and also to improve 

the functionality of the control.  In this current case, the control is engaged by pushing it 

down (vertically) vs. pushing it forward (horizontally).  This downward movement mimics 

the actual movement of the implement at the back. When the control is engaged, the 

button itself is in a “down” position and the implement is “down” within the soil. 

The steering wheel was changed also to include a horn.  This addition was done 

for safety reasons so the user is capable of sounding the horn if needed.  It was placed 

at the center to mimic horn placement in typical vehicles.   

The cluster arrangement changed location as well as the arrangements of the 

buttons within it.  The cluster was relocated to the right-most side of the panel.  This 

copied the current placement of the control cluster in Versatile model tractors.  The 
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emergency stop was placed at the top right corner.  Its shape was changed to a 

hexagon, as this is the shape that is required as per the ASAE standard (ASAE 1999).  

It also takes form of an actual stop sign (red hexagon with “STOP” labeled on it) to 

make its purpose more obvious to the user.  It was moved from the bottom to the top so 

that it was still easily accessible by the right hand of the operator but be less likely to be 

engaged by accident.  Since it was previously close to the operator, there would be a 

higher likelihood of the operator engaging it inadvertently.  The wiper control cluster was 

removed, as camera placement will be outside of the cab, thus there are no windows 

that will need to be wiped down between the camera and the outside.  It was replaced 

by a diagnostic cluster, visual and sound, to help the operator if problems arise with the 

physical operation of the tractor.  The auto-steer on/off control is now situated at the 

bottom right hand side.  This control is typically used in close relation to the hydraulics.  

Thus it is placed in the same horizontal plane and to it’s left so that it is grouped 

together with the hydraulics and easily accessible. 

Instead of a joystick for the F-N-R functions and transmission gear shifter, it was 

replaced with a rocker switch for the F-N-R function and circular push buttons for the 

transmission gearshift.  The switch and push buttons were placed in the same location 

as the previous joystick. 
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5.7.2 Design Criteria Adherence 

Table 21 – Design Criteria Checklist Control Panel Version Three 

Criteria   
    
Panel Size   
- is the panel an appropriate size? Yes 
- is the panel easily adaptable into a current tractor? Yes 
   
Grouping and Coding  
- are similarly functioning controls the same or similar 
colours? Yes 
- are similarly functioning controls of the same type of 
controls? Yes 
- are similarly functioning controls located in proximity to 
each other? Yes 
- Are the controls of reasonable size for easy engagement by 
the operator? Yes 
   
Location  
- Are the most frequently used controls in a prominent 
location? Yes 
- is the control panel arranged in a way that makes sense to 
the user. Yes 
   
Spacing  
- Do the distances between controls fall within those 
suggested by ergonomic literature? Yes 
 

5.7.3 Index Scores 

Index of functionality score: 0.547 

Index of accessibility score: -0.002 
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5.7.4 Discussion of Design Criteria and Index Scores 

5.7.4.1 Panel Size 

The panel size was increased insignificantly from 418 mm to 420 mm.  Thus the 

size of the panel remains approximately that of a current computer keyboard, well within 

the prescribed need to fit comfortably on a desk.   The adaptability to a current tractor 

cab for this panel improves on the previous designs.  The panel can be cut-off just left of 

the hydraulic controls and if needed for space constraints, the FNR components can be 

moved above the speed control.  These small adjustments keep the grouping proximity 

of the panel intact, but allows for flexibility to accommodate for space constraints on a 

typical tractor armrest control console. 

 

5.7.4.2 Grouping and Coding 

The controls are well grouped, with similar groups either located together 

(hydraulic controls) or coloured similarly (all controls that have to do with the motion of 

the tractor have a green colour).  The control sizes (see Appendix 1 for dimension 

drawings of controls) are all within the recommended sizes from the literature review.   

 

5.7.4.3 Location 

The most frequently used control, the hydraulic control to raise and lower the 

implement at the back, is still placed in the most prominent location, directly center-front 

of the user.  It keeps its slightly larger size and different colour than the other hydraulics 

to create visual distinction for the user.  The controls for the motion of the tractor remain 
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placed just above the hydraulics for ease of reach, as they are the second most used 

control.  The control to engage the auto-steer is moved to the right hand side as the 

control cluster to have all controls to the left of the steering component.  However, it 

remains close to the same horizontal level as the hydraulics for ease of engagement in 

sequence to the main hydraulic.  The emergency stop is visually prominent, fashioned 

as a stop sign, but is placed farthest away from the user, as it is only used in emergency 

and thus not frequently.  This change of position is to reduce the risk of inadvertent 

engagement by the operator. 

 

5.7.4.4 Spacing 

The spacing between the controls falls within the recommended 50 mm. 

 

5.7.4.5 Index Scores 

The Index of Accessibility from panel two to panel three improved considerably.  

However, the Index of Functionality score decreased, and was even less than the first 

version of the panel.  From this score, it shows that the presence of a joystick has a 

significant impact on the score, and should be included in the subsequent designs. 
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5.8 Control Panel Design – Version Four 

 

Figure 8 – Control Panel Version Four 

 

Version four is the final version of the control panel.  It is similar to the previous 

version, but with a few changes to improve the index scores. The steering wheel was 

lowered so that it would be closer to the operator.  It was found that the joystick control 

for the F-N-R and gear shifter functions yielded a higher index of functionality score than 

the rocker switch and push buttons, thus the joystick control for the F-N-R function was 

re-instated. 
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In addition, two controls were added – a cruise control to be able to maintain a 

constant speed as well as a parking brake control to ensure safety when the tractor is at 

a standstill and not in use.   

 

5.8.1 Design Criteria Adherence 

Table 22– Design Criteria Checklist Control Panel Version Four 

Criteria   
    
Panel Size   
- is the panel an appropriate size? Yes 
- is the panel easily adaptable into a current tractor? Yes 
   
Grouping and Coding  
- are similarly functioning controls the same or similar 
colours? Yes 
- are similarly functioning controls of the same type of 
controls? Yes 
- are similarly functioning controls located in proximity to 
each other? Yes 
- Are the controls of reasonable size for easy engagement by 
the operator? Yes 
   
Location  
- Are the most frequently used controls in a prominent 
location? Yes 
- is the control panel arranged in a way that makes sense to 
the user. Yes 
   
Spacing  
- Do the distances between controls fall within those 
suggested by ergonomic literature? Yes 
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5.8.2 Index scores: 

Index of Functionality:  0.736 

Index of Accessibility:  -0.234 

 

5.8.3 Discussion of Design Criteria and Index Scores 

5.8.3.1 Panel Size 

The panel size is slightly larger than the previous designs, 495 mm vs. 420 mm.  

However, the increase of 75 mm is not a significant change for the types of space 

constraints that are in question (i.e. the desk of a home office).  Also, the panel can be 

easily adaptable to a current tractor cab.  As this is the final design, specific details as to 

how this can be achieved have been detailed in a separate section. 

 

5.8.3.2 Grouping and Coding 

As with the previous designs, the controls were properly grouped and coded.  

The hydraulics are grouped and colour coded together, the same as the previous 

panels.  All the controls that had to do with the motion of the tractor used the colour 

green or orange.  Thus the steering wheel, speed control, cruise control, joystick, and 

auto-steer all have some element of green, with any other colouring (aside from black) 

used being orange.  Orange was chosen as this is the typical colour that is used for the 

rotary component of the speed control in the Versatile tractors, and it is also the colour 

that is outlined in the ASAE standard for motion controls.  Thus, in the instance of the 

buttons on the joystick, and the cruise control “on/off” button, orange was used as the 
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differing colour from green.  Green was chosen as the colour for speed and motion as it 

conventionally means “go”.  The only control that is associated with the movement of 

the tractor that is not coloured green is the emergency stop button.  It’s colour, shape, 

and label were designed as per the ASAE standard.  

Diagnostic buttons are yellow, as this colour is associated with “warning” or 

danger.  The colour white is used for the controls for the lights. 

 

5.8.3.3 Location 

Many of the locations remained the same.  The steering wheel was moved closer 

down, and thus closer to the operator to try to improve the index scores, specifically the 

Index of Accessibility.   

 

5.8.3.4 Spacing 

The panel used the spacing of no more than 50 mm as recommended by 

ergonomic literature.  

Panel four has the highest Index of Functionality score but the lowest Index of 

Accessibility score.  However, two more controls were added to this panel, one of which 

fell out of all the reach envelopes of the user: the parking brake.  The parking brake 

addition worsened the accessibility score.  However, if the control cluster were brought 

closer so that they were closer to the operator, spacing optimization between controls 

would be lost.  Thus, considering the considerable increase in the Index of Functionality 

score, this was the panel that was deemed to be the best compromise between index 

scores, optimal control spacing, and ergonomic layout. 
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5.9 Comparison of Index of Functionality Score of Current Tractor Models 

 Drakopolous and Mann (2006) calculated scores for current tractor models as 

follows: 

Table 23 – Index of Functionality Scores of Six Modern Tractors 
Tractor Model  Index of Functionality Score 
John Deere 0.75 
Case IH 0.67 
Buhler-Versatile 0.65 
New Holland 0.65 
Fendt 0.63 
Caterpillar 0.45 
 

 The final control panel has a score of 0.73.  This is a higher score than all but 

one of the current tractor models. The Index of Functionality score of the final control 

panel conceptual design is a comparably good score to those of current tractor models.   

 

5.10 Using Control Panel in Current Tractors 

Considering that the advent of remotely operated tractors may be many years in the 

future, the control panel was also designed to easily be retrofitted in a current tractor 

model.  The control panel can be cut at 165 mm from the right hand side, eliminating the 

small steering wheel.  The remainder of the panel can be then installed as an armrest 

control.  The emergency stop button can be removed and replaced with controls for the 

tractor’s exterior or interior that are not needed in the remote setting (examples: 

windshield wipers and climate control).  Should the panel be deemed too wide, it is 

recommended that the joystick be moved 50 mm above the speed control and the 

control cluster be placed 50 mm away from the speed and hydraulics.   
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Figure 9 – Image Showing Where to Move Joystick to Implement Final Design in Current 
Tractor Cabs 

 

The positioning of the panel should have the hydraulics placed at 150 mm 

forward of the left-hand side of the operator (Casey, 1990) as recommended by 

ergonomic literature.  The other controls are placed in relation to each other so that the 

controls are ergonomically placed when fitted into an armrest control. 
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6.0 EVALUATION OF INDEX OF FUNCTIONALITY 

One of the tools used to evaluate the control panels was an index developed by 

Drakopolous and Mann.  As this index had not been validated nor utilized for design 

purposes since it’s development, this project lent itself well to evaluate the strengths 

and weaknesses of the model as well as to validate certain assumptions that the 

development of the model was based upon. 

 

6.1 Validation 

The methodology for the development of the Index of Functionality did not include in-

field studies (ex: videotaping ride-alongs) to determine the frequency of use of the 

different control types.  Drakopolous relied on surveys filled out by farmers in order to 

determine which controls were used the most frequently.  He divided the controls into 

five different groups.  The categories along with their rank (1- most frequently used, 5- 

less frequently used) are as follows: 

1) Steering Wheel 

2) Controls relating to the functioning of the implement 

3) Controls relating to the motion of the tractor 

4) Controls related to the internal environment 

5) Controls related to the external environment  

He also studied ten different modern tractor cabs and from his review determined 

which control types that should to be included on a modern panel.  His third method was 

to consult published literature and five human factors experts to determine which factors 
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pertaining to control layout were the most important.  His findings were that the four 

factors most influential to good ergonomic performance were: 

• Placement of controls 

• Functional reach 

• Suitability of controls 

• Labeling of controls 

From this study, it is possible to comment on the human factors considerations as well 

as the frequency of use.  

 

6.1.2 Frequency of Use 

The results from the ride-alongs determined the following - the controls that 

control the implements being pulled at the back of the tractor was the most frequently 

used and the controls that controlled the motion of the tractor (speed, auto-steer, 

transmission gear shift) were the second most used control group.  This study did not 

record the use of the steering wheel because the ultimate result was the design of a 

control panel for a remotely operated tractor, where the use of the steering wheel is 

made less important due to advents in auto-steer technology.  However, it was 

observed (although not videotaped) that the steering wheel was used ubiquitously in all 

the ride-alongs and that every time the control for the implement was engaged, the 

steering was also engaged since the implement was raised and lowered at the end of 

each pass and the steering wheel was engaged to steer through the turn.  Thus is can 

be deduced that the steering wheel is used at least as often as the control for the 

implement at the back.  However, the tractor is usually steered manually (before the 

auto-steer is engaged) during the first few passes around the field, and is also used to 
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physically get the tractor to the desired field.  Thus it is used more than the control to lift 

and lower the implement.   

For the top three most frequently used controls of the steering wheel, the control 

to engage the implement, and the controls for the motion of the tractor, the results of the 

ride-alongs validate the surveys used by Drakopolous. 

In regards to the frequency of use: Drakopolous surveyed farmers in Greece, 

whereas the ride-alongs were conducted in southern Manitoba.  The similar results 

point to the fact that the frequency of use of controls is the same across countries with 

very different climates and great distances apart. 

 

6.2 Strengths of Model 

The index of functionality has many positive attributes and was helpful in the 

design of the control panel.   

First, it is a very detailed formula that takes into account many of the aspects of 

ergonomics specifically for agricultural tractors.  Other ergonomic indexes to evaluate 

control panels are very limited and simplistic.  For example, the Index of Accessibility 

only evaluate how accessible are the most frequently used controls.  It does not provide 

feedback for types of controls (joysticks, steering wheels, toggles buttons, etc), nor does 

it provide many avenues to improve upon the score, besides control rearrangement in 

regards to location.    

Another strength of the model is the possibility of improving upon the score.  For 

example, by manipulating only certain aspects (like types of controls) it was possible to 

achieve higher scores without completely rearranging control location.  It was simple to 
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optimize the control panel as it was possible to manipulate certain values to see which 

ones offered the biggest score improvement.  They could then be weighed with other 

factors, such as space constraints and typical control arrangement found currently in 

tractors, to see if the improvement on the score was worth the change.  The model 

provided a good baseline and structure to try to improve on the design.  Many times 

when designing, since there is no “right way” or “right answer” and the final outcome is 

subjective and can always be improved upon, the index provided some quantitative 

guidelines to improve upon each subsequent iteration.  This made the design process 

less onerous; as there were concrete numbers to try to improve upon instead of simply 

guessing which designs would be better. 

Another strength is the specificity of the index for agricultural tractors.  There 

exist no current index specifically to evaluate controls for agricultural tractors.  It was 

also not possible to find an index to evaluate the control panels of large machinery.  

Thus the index gives the agricultural machinery industry an excellent tool designed 

specifically for them in order to evaluate their control panels.  Since many of the 

functionalities could be extrapolated to other large machinery (for example, for a back-

hoe, the control for the implement could be replaced by the control for the shovel) the 

index could be a useful tool for other industries.  

Considering that this study validated some of the assumptions made to develop 

the index, the index could become a valuable tool for designer across many different 

industries. 
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6.3 Weakness and Limitations of Model 

The Index of Functionality has many positive aspects.  However, there were 

some weaknesses and limitations found when using it. 

First, although the index was praised for being detailed, the equation to calculate 

the score is very long and complicated.  After a few attempts at hand calculations, it 

proved both too time consuming, and an excel spreadsheet was developed to easily 

calculate the score.  The equation is so long it was also difficult at first to understand 

which variables were assigned to each value.  In essence, it is not an easy equation to 

use for a user who is not acclimated with it.  It would be confusing, difficult, and time 

consuming to also try to manipulate the equation by hand to try to improve the score by 

only changing certain variables.  The excel program was necessary to be able to 

manipulate the equation in a meaningful and simple way. 

For the purpose of this project, the index was also limited because of the 

importance it placed on the steering wheel.  As the design was for a future control panel 

where much of the steering (including turns, which is not the case for present 

agricultural tractors) would be autonomous, the steering is no longer necessarily the 

most frequently used control.  In order to get a decent score, the steering wheel had to 

be put into prominence to a larger degree than was first planned.  Also, the index relied 

on current convention where the controls are located to the right of the steering wheel, 

so that the operator can manipulate the controls with their right hand.  However, this 

convention becomes less important when dealing with a remote setup.  In this project, 

the steering wheel is not necessarily front and center like in a tractor cab, and could 

potentially be replaced with a joystick.  However, the score very much increased if a 
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steering wheel was present with all the majority of controls placed to its right.  Although 

this gave a guideline for the design, it is not sure if this requirement will be as important 

in the coming years, as tractors become more autonomous with future technological 

developments in relations to auto-steer.  

Another issue that arises from the indexes complexity is its ability to remain 

relevant in the long term.  An index such as the Index of Accessibility, which is simplistic 

and only focuses on the operator’s access to the controls, will remain relevant because 

its focus is narrow and human operators will always be reaching for a control.  However, 

with the Index of Functionality, it’s based on the ergonomics and layouts of current 

agricultural tractors.  We don’t know what technological advances might bring.  Even 

before a tractor becomes remotely operated, touch-screens may become the new types 

of control panels.  If tractor cab developments veer in this direction, the consideration of 

Drakopolous for all the different kinds of switches and layout arrangement and their 

importance becomes obsolete.  The increased computerization of our technologies, in 

addition the fast-paced developments that are typical of the current times, it is possible 

that if the index is not adjusted to be able to apply to newer types of control panels, it 

could become outdated in a matter of years.  Add to this dilemma that the index was 

only developed for agricultural tractors, and it limits the possibility of its usefulness for 

future designs in the years ahead. 

With all these issues to be considered, indexes such as the Index of Functionality 

are incredibly useful to designers.  They allow the designers to attempt to achieve a 

measurable goal in the form of a better score, instead of only relying on experience, 

focus groups, and personal preference.  It would be a loss if the index became outdated 
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too quickly.  A recommendation is that the index be re-worked to have the equation 

itself be more flexible to adjust for future changes in control panel technologies.  The 

Index offers a good tool for the time being for agricultural tractor designers and also 

potentially for large machinery designers, but it can also be used as a base model for a 

more flexible index in the future. 
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7.0 CONCLUSION 

In conclusion, the goals of the research project were reached and issues were raised on 

the Index of Functionality that should be investigated with further work. 

It was found that the most frequently used control was the control for the implement 

being pulled by the tractor (air seeder for the four-wheel drive tractors and potato 

harvester for the manual front-wheel drive tractor).  The second most used control 

group was the group used to control the motion of the tractor.  There was no clear 

pattern for sequence of use of controls for the four-wheel tractors studies.  The manual 

front-wheel drive (row crop) tractors had a sequence pattern over the turns at the end of 

the rows:  the rotary switch on the harvest controller to turn the wheels of the harvester 

was engaged alongside the speed control.   

Using the information collected during the ride-alongs (including interviews with 

the operators), interviews with experienced professionals in the tractor manufacturing 

industry, and the Index of Functionality and Index of Accessibility, a control panel was 

conceptually designed for a remotely operated agricultural tractor.  Although there is 

always room for improvements and subjective personal opinions of users, the panel 

designed has a reasonable score on the Index of Functionality and Accessibility, and 

was designed with both ergonomic theories, practical realities of control type availability, 

and operator input in mind. 

From the design process, it was possible to evaluate the Index of Functionality as 

a tool for agricultural control panel designers.  Although it has its limitations, ultimately 

the Index proved to be a useful tool during the design process and provided valuable 

information for improvements on the designs.  From the research, it is recommended 
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that the Index of Functionality be used by industry professionals for agricultural tractors 

and that it also be used for other similar large machinery with small adjustments.  

However, it is also recommended that the index be revisited and revised to ensure that 

it remains relevant for future control panel designs. 
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APPENDIX 1  

Control Panel Drawings
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APPENDIX 2 

Index of Functionality Calculations 
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Index of Functionality Calculations 

 

Equation: 

 

I f =
(FSr * Sr ) + (FSt *St) + (FS *S ) + (FKb * Kb ) + (FBp * Bp) + (FL * L) + (Ea ) * [(0.6 *Pc) + (0.48 *Sc) + (0.5* Fr ) + (0.42 * Lc)] + Sw +Mc

F + 4n!
 

Where 

Sr = ergonomic score for rotary switches = [(Sr1+Sr2+Sr3+Sr4)/4] 

 FSr = relative frequency of use for rotary switches 

St = ergonomic score for toggle switches = [(St1+St2)/2] 

 FSt = relative frequency of use for toggle switches 

S = ergonomic score for rocker switches = [(S1+S2+S3/3)] 

 FS = relative frequency of use for knobs 

Kb = ergonomic score for push buttons = [(Bp1+Bp2)/2] 

 FBp = relative frequency of use for push buttons 

L = ergonomic score for hand-levers = [(L1+L2+L3+L4)/4] 

 Fl = relative frequency of use for land-levers 

Sw = ergonomic score for steering wheel = [(Sw1+Sw2+Sw3+Sw4)/4] 

Mc = ergonomic score for multifunction hand control 

Pc = placement of controls 

Sc = suitability of controls 

Fr = functional reach  

Lc – control labeling = [(Lc1+Lc2)/2] 
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Ea = ergonomic factors average = [(Pc+Sc+Fr+Lc)/4] 

n = total number of control types (maximum value n=6, excluding Sw and Mc) 
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Panel One Calculations 

Relative Frequency      
       
Sum CC2 4.000           
              
  C1,2 C2,2 C3,2 C4,2 C5,2 C6,2 
  0.000 4.000 0.000 0.000 0.000 0.000 
              
Sum CC3 3.000           
              
  C1,3 C2.3 C3.3 C4.3 C5.3 C6.3 
  1.000 0.000 0.000 0.000 1.000 1.000 
              
Sum CC4 0.000           
              
  C1,4 C2,4 C3,4 C4,4 C5,4 C6,4 
  0.000 0.000 0.000 0.000 0.000 0.000 
              
Sum CC5 7.000           
              
  C1,5 C2,5 C3,5 C4,5 C5,5 C6,5 
  0.000 0.000 0.000 0.000 7.000 0.000 
 

FC12 0.000 FC13 0.333 FC14 0.000 FC15 0.000 
FC22 1.000 FC23 0.000 FC24 0.000 FC25 0.000 
FC32 0.000 FC33 0.000 FC34 0.000 FC35 0.000 
FC42 0.000 FC43 0.000 FC44 0.000 FC45 0.000 
FC52 0.000 FC53 0.333 FC54 0.000 FC55 1.000 
FC62 0.000 FC63 0.333 FC64 0.000 FC65 0.000 
 

  Total Relative 
FC1 0.333 0.056 
FC2 4.000 0.667 
FC3 0.000 0.000 
FC4 0.000 0.000 
FC5 1.333 0.222 
FC5 0.333 0.056 
      
SUM F 6.000   
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Index of Functionality      
        
        
FSr 0.056 Sr 0.750 FSr*Sr 0.042 Pc 1.000 
FSt 0.667 St 0.500 FSt*St 0.333 Sc 0.313 
FS 0.000 S 0.000 FS*S 0.000 Fr 1.000 
FKb 0.000 Kb 0.000 Fkb*Kb 0.000 Lc 0.563 
FBp 0.222 Bp 1.231 FBp*Bp 0.274 Ea 0.719 
FL 0.056 L 0.750 FL*L 0.042     
 

Sw 0.000 
Mw 1.000 
  
  
IF 0.552 
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Panel Two Calculations 

Relative Frequency       
        
Sum CC2 4.000            
               
  C1,2 C2,2 C3,2 C4,2 C5,2 C6,2  
  0.000 4.000 0.000 0.000 0.000 0.000  
               
Sum CC3 2.000            
               
  C1,3 C2.3 C3.3 C4.3 C5.3 C6.3  
  1.000 0.000 0.000 0.000 1.000 0.000  
               
Sum CC4 0.000            
               
  C1,4 C2,4 C3,4 C4,4 C5,4 C6,4  
  0.000 0.000 0.000 0.000 0.000 0.000  
               
Sum CC5 7.000            
               
  C1,5 C2,5 C3,5 C4,5 C5,5 C6,5  
  0.000 0.000 0.000 0.000 7.000 0.000  
        
        
FC12 0.000 FC13 0.500 FC14 0.000 FC15 0.000 
FC22 1.000 FC23 0.000 FC24 0.000 FC25 0.000 
FC32 0.000 FC33 0.000 FC34 0.000 FC35 0.000 
FC42 0.000 FC43 0.000 FC44 0.000 FC45 0.000 
FC52 0.000 FC53 0.500 FC54 0.000 FC55 1.000 
FC62 0.000 FC63 0.000 FC64 0.000 FC65 0.000 
        
        

  Total 
Relati

ve      
FC1 0.500 0.083      
FC2 4.000 0.667      
FC3 0.000 0.000      
FC4 0.000 0.000      
FC5 1.500 0.250      
FC5 0.000 0.000      
          
SUM F 6.000       
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Index of Functionality      
        
        
FSr 0.083 Sr 0.750 FSr*Sr 0.063 Pc 1.000 
FSt 0.667 St 0.500 FSt*St 0.333 Sc 0.313 
FS 0.000 S 1.000 FS*S 0.000 Fr 1.000 
FKb 0.000 Kb 0.000 Fkb*Kb 0.000 Lc 0.563 
FBp 0.250 Bp 1.231 FBp*Bp 0.308 Ea 0.719 
FL 0.000 L 0.000 FL*L 0.000     
 

Sw 0.500 
Mw 1.000 
  
  
IF 0.654 
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Panel Three Calculations 

Relative Frequency      
        
Sum CC2 4.000            
               
  C1,2 C2,2 C3,2 C4,2 C5,2 C6,2  
  0.000 4.000 0.000 0.000 0.000 0.000  
               
Sum CC3 6.000            
               
  C1,3 C2.3 C3.3 C4.3 C5.3 C6.3  
  1.000 0.000 1.000 0.000 4.000 0.000  
               
Sum CC4 0.000            
               
  C1,4 C2,4 C3,4 C4,4 C5,4 C6,4  
  0.000 0.000 0.000 0.000 0.000 0.000  
               
Sum CC5 9.000            
               
  C1,5 C2,5 C3,5 C4,5 C5,5 C6,5  
  0.000 0.000 0.000 0.000 9.000 0.000  
        
        
FC12 0.000 FC13 0.167 FC14 0.000 FC15 0.000 
FC22 1.000 FC23 0.000 FC24 0.000 FC25 0.000 
FC32 0.000 FC33 0.167 FC34 0.000 FC35 0.000 
FC42 0.000 FC43 0.000 FC44 0.000 FC45 0.000 
FC52 0.000 FC53 0.667 FC54 0.000 FC55 1.000 
FC62 0.000 FC63 0.000 FC64 0.000 FC65 0.000 
        
        
  Total Relative      
FC1 0.167 0.028      
FC2 4.000 0.667      
FC3 0.167 0.028      
FC4 0.000 0.000      
FC5 1.667 0.278      
FC5 0.000 0.000      
           
SUM F 6.000        
 



 108 

Index of Functionality      
        
        
FSr 0.028 Sr 0.750 FSr*Sr 0.021 Pc 0.950 
FSt 0.667 St 0.500 FSt*St 0.333 Sc 1.000 
FS 0.028 S 1.000 FS*S 0.028 Fr 1.000 
FKb 0.000 Kb 0.000 Fkb*Kb 0.000 Lc 0.700 
FBp 0.278 Bp 0.615 FBp*Bp 0.171 Ea 0.913 
FL 0.000 L 0.000 FL*L 0.000     
 

Sw 0.500 
Mw 0.000 
  
  
IF 0.547 
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Panel Four Calculations 

Relative Frequency      
        
Sum CC2 4.000            
               
  C1,2 C2,2 C3,2 C4,2 C5,2 C6,2  
  0.000 4.000 0.000 0.000 0.000 0.000  
               
Sum CC3 3.000            
               
  C1,3 C2.3 C3.3 C4.3 C5.3 C6.3  
  1.000 0.000 0.000 0.000 2.000 0.000  
               
Sum CC4 0.000            
               
  C1,4 C2,4 C3,4 C4,4 C5,4 C6,4  
  0.000 0.000 0.000 0.000 0.000 0.000  
               
Sum CC5 9.000            
               
  C1,5 C2,5 C3,5 C4,5 C5,5 C6,5  
  0.000 0.000 0.000 0.000 9.000 0.000  
        
        
FC12 0.000 FC13 0.333 FC14 0.000 FC15 0.000 
FC22 1.000 FC23 0.000 FC24 0.000 FC25 0.000 
FC32 0.000 FC33 0.000 FC34 0.000 FC35 0.000 
FC42 0.000 FC43 0.000 FC44 0.000 FC45 0.000 
FC52 0.000 FC53 0.667 FC54 0.000 FC55 1.000 
FC62 0.000 FC63 0.000 FC64 0.000 FC65 0.000 
        
        
  Total Relative      
FC1 0.333 0.056      
FC2 4.000 0.667      
FC3 0.000 0.000      
FC4 0.000 0.000      
FC5 1.667 0.278      
FC5 0.000 0.000      
           
SUM F 6.000        
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Index of Functionality      
        
        
FSr 0.056 Sr 0.750 FSr*Sr 0.042 Pc 0.950 
FSt 0.667 St 0.500 FSt*St 0.333 Sc 1.000 
FS 0.000 S 1.000 FS*S 0.000 Fr 1.000 
FKb 0.000 Kb 0.000 Fkb*Kb 0.000 Lc 0.667 
FBp 0.278 Bp 0.545 FBp*Bp 0.152 Ea 0.904 
FL 0.000 L 0.000 FL*L 0.000     
 

Sw 0.500 
Mw 1.000 
  
  
IF 0.736 
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APPENDIX 3 

Index of Accessibility Calculations
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Equation: 

I = r !
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Where: 

I = Accessibility index 

r = (Pearson) correlation between distance from the operator to control (X) and the 

ranked frequency of use (Y) 

n = number of controls outside the reach envelope 

N = total number of controls 

f = rank for each control 

f
^

 = rank of each control outside the envelope 

S = number of operators used to collect the data 

 
Reach percentiles used for all calculations: 
 
Percentiles 5th  50th  95th 
  415 mm  440 mm  465 mm 
       
 
Determined using average reach lengths for men and women from elbow to forearm. 
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Panel One Calculations 
 

 
 
The image above shows the three sections of reach percentile.  The distance from the 

user to the edge of the control panel is 200mm.  The user is placed directly centered on 

the panel.  The drawing is misleading in the distance as it shows the distance to the 

plane (and not the edge) of the side of the panel. 
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 Y X Y^2 X^2 XY 
Main Hydraulic 1 379.45 1 143982.3025 379.45 
Speed Control 2 457.6 4 209397.76 915.2 
Steering Wheel 3 473.05 9 223776.3025 1419.15 
F-N-R Joystick 4 458.4 16 210130.56 1833.6 
Autosteer 5 377.5 25 142506.25 1887.5 
Wipers 6 431.65 36 186321.7225 2589.9 
Lights 7 502.88 49 252888.2944 3520.16 
Hydraulic 2 8 377.97 64 142861.3209 3023.76 
Hydraulic 3 9 378.75 81 143451.5625 3408.75 
Hydraulic 4 10 381.21 100 145321.0641 3812.1 
Emergency Stop 11 458.88 121 210570.8544 5047.68 
 

SUM(Y) 66 
SUM(X) 4677.34 
    
[SUM(Y)]^2 4356 
[SUM(X)]^2 21877509.48 
    
SUM(Y^2) 506 
SUM(X^2) 2011207.994 
    
SUM(XY) 27837.25 
N 11 
    
r -1.67771E-05 
    
I 0.636 
  0.212 
I -0.212 
 

 

 

 

 

 



 115 

Panel Two Calculations 

 

The image above shows the three sections of reach percentile.  The distance from the 

user to the edge of the control panel is 200mm.  The user is placed directly centered on 

the panel.  The drawing is misleading in the distance as it shows the distance to the 

plane (and not the edge) of the side of the panel. 
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 Y X Y^2 X^2 XY 
Main Hydraulic 1 379.45 1 143982.3025 379.45 
Speed Control 2 457.6 4 209397.76 915.2 
Steering Wheel 3 337.13 9 113656.6369 1011.39 
F-N-R Joystick 4 458.4 16 210130.56 1833.6 
Autosteer 5 377.5 25 142506.25 1887.5 
Wipers 6 431.65 36 186321.7225 2589.9 
Lights 7 502.88 49 252888.2944 3520.16 
Hydraulic 2 8 377.97 64 142861.3209 3023.76 
Hydraulic 3 9 378.75 81 143451.5625 3408.75 
Hydraulic 4 10 381.21 100 145321.0641 3812.1 
Emergency Stop 11 458.88 121 210570.8544 5047.68 
 

SUM(Y) 66 
SUM(X) 4541.42 
    
[SUM(Y)]^2 4356 
[SUM(X)]^2 20624495.62 
    
SUM(Y^2) 506 
SUM(X^2) 1901088.328 
    
SUM(XY) 27429.49 
N 11 
    
r 1.14457E-05 
    
  0.500 
  0.167 
I -0.167 
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Panel Three Calculations 

 

The image above shows the three sections of reach percentile.  The distance from the 

user to the edge of the control panel is 200mm. The drawing is misleading in the 

distance as it shows the distance to the plane (and not the edge) of the side of the 

panel.  The user is placed 109 mm from the left side of the panel, so that the steering 

wheel is to their left and all other controls are to their right.   
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 Y X Y^2 X^2 XY 
Main Hydraulic 1 299.68 1 89810 299.68 
Speed Control 2 442.18 4 195521 884.36 
Steering Wheel 3 446.07 9 198974 1338.20 
Transmission and FNR 4 424.28 16 180010.25 1697.10 
Auto-steer 5 506.24 25 256274 2531.18 
Diagnostics 6 358.83 36 128761 2153.00 
Lights 7 505.04 49 255064 3535.27 
Wipers 8 425.77 64 181284 3406.20 
Hydraulic 2 9 354.39 81 125594 3189.53 
Hydraulic 3 10 371.91 100 138314 3719.06 
Hydraulic 4 11 390.94 121 152834 4300.34 
Emergency Stop 12 567.71 144 322296 6812.53 
 

SUM(Y) 78 
SUM(X) 5093.032479 
    
[SUM(Y)]^2 6084 
[SUM(X)]^2 25938979.84 
    
SUM(Y^2) 650 
SUM(X^2) 2224736.25 
    
SUM(XY) 33866.44165 
N 12 
    
r 0.253472508 
    
  0.769 
  0.256 
I -0.002 
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Panel Four Calculations 

 

The image above shows the three sections of reach percentile.  The distance from the 

user to the edge of the control panel is 200mm. The drawing is misleading in the 

distance as it shows the distance to the plane (and not the edge) of the side of the 

panel.  The user is placed 123.75 mm from the left side of the panel, so that the steering 

wheel is to their left and all other controls are to their right.   
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 Y X Y^2 X^2 XY 
Main Hydraulic 1 301.90 1 91141 301.90 
Speed Control 2 442.61 4 195908 885.23 
Steering Wheel 3 349.71 9 122294 1049.12 
FNR and Transmission 4 487.89 16 238034 1951.55 
Parking Break 5 473.36 25 224066 2366.78 
Auto-steer 6 404.92 36 163958 2429.50 
Cruise Control 7 564.67 49 318850 3952.68 
Diagnostic 8 512.14 64 262283 4097.09 
Lights 9 456.19 81 208109 4105.71 
Hydraulic 2 10 310.78 100 96586 3107.83 
Hydraulic 3 11 321.60 121 103426 3537.59 
Hydraulic 4 12 335.24 144 112385 4022.86 
Emergency Stop 13 596.34 169 355625 7752.46 
 

SUM(Y) 91 
SUM(X) 5557 
    
[SUM(Y)]^2 8281 
[SUM(X)]^2 30883962 
    
SUM(Y^2) 819 
SUM(X^2) 2024655 
    
SUM(XY) 27784.964 
N 13.000 
    
r 0.000 
    
  0.703 
  0.234 
I -0.234 
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APPENDIX 4 

Interviews with Experienced Design Professionals
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The following questions were asked to the design engineer participants: 

 

How do you approach the design (or re-design) of a tractor’s control panel? 

 

What do you think are the most important things to keep in mind when identifying 

modifications? 

 

Do you ever take ergonomic studies into consideration with your design, or do you 

usually use the expertise found in your design team? 

 

Do you think of ergonomics when you are designing or positioning the layout of the 

control panel? 

 

Have you received any feedback from farmers of things they like about the controls?   

 

Have you received any feedback from farmers of things they do not like about the 

controls?   

 

Are there any things that you’ve learned over the years that must be integrated in the 

layout? 
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Have you ever completely scrapped a layout and implemented a new control panel in a 

tractor?  If so, what year?  And why was this done? 

 

Where do you see the future of control panels going?   

 

How big of a role do the control layouts play in the purchase of a tractor?  Do you think 

they are significant at all? 

 

Do you have any tips when approaching a new layout?   

 

There is always room for improvement with any design, however, do you think that there 

are some aspects in the current control layout that you’ve “done right” and shouldn’t be 

changed? 

 

What do you think are the most important things to keep in mind when designing a 

control panel? 

 

Are there any general thoughts you would like to share? 
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Engineer 1 

 

- main function is to control the signal requirements  

- for the new tractors, there is more focus to power shift, an addition of a front 

PTO, and improvement on manual hydraulic control panel.  There is also focus 

being put towards developing automated sequences with the hydraulics 

- Dealers are surveyed for insight on how clients respond to the designs.  These 

are compiled by the marketing department.  Test cycles are also done with select 

customers. 

- The product manager is the bridge between marketing and the design engineers 

 

How do you approach the design (or re-design) of a tractor’s control panel? 

For us, our main focus is to control the signal requirements.  We are given our 

requirements from the design engineers. 

 

What do you think are the most important things to keep in mind when identifying 

modifications? 

For the new tractor line, there is more focus to power shift, an addition of a front PTO 

(power take-off), and improvement on manual hydraulic control panel.  There is also 

focus being put towards developing automated sequences with the hydraulics 
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Do you ever take ergonomic studies into consideration with your design, or do you 

usually use the expertise found in your design team? 

N/A 

 

Do you think of ergonomics when you are designing or positioning the layout of the 

control panel? 

No – my team deals with electrical signals, we do not do any layout design. 

 

Have you received any feedback from farmers of things they like about the controls?   

N/A 

 

Have you received any feedback from farmers of things they do not like about the 

controls?   

Dealers are surveyed for insight on how clients respond to the designs.  These are 

compiled by the marketing department.  Test cycles are also done with select 

customers. The product manager is the bridge between marketing and the design 

engineers 

 

 

Are there any things that you’ve learned over the years that must be integrated in the 

layout? 

N/A 
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Have you ever completely scrapped a layout and implemented a new control panel in a 

tractor?  If so, what year?  And why was this done? 

N/A 

 

Where do you see the future of control panels going?   

Automated sequencing on hydraulic controls. 

 

How big of a role do the control layouts play in the purchase of a tractor?  Do you think 

they are significant at all? 

N/A 

 

Do you have any tips when approaching a new layout?   

N/A 

 

There is always room for improvement with any design, however, do you think that there 

are some aspects in the current control layout that you’ve “done right” and shouldn’t be 

changed? 

N/A 

 

What do you think are the most important things to keep in mind when designing a 

control panel? 

N/A



 127 

 

Engineer 2 

 

 How do you approach the design (or re-design) of a tractor’s control panel? 

Client’s new requirements are found out by marketing through surveys (dealers, select 

customers).  There is currently not a lot of vision of control requirements.  Requirements 

were vague (cab needed to be bigger and the control panel needed to have a modern 

look).  The approach was to look at competitor’s controls to see how they had made 

their layouts, and try to make the dimension constraints, along with other indicators and 

traditional instruments work within the frame of the requirements from marketing.  

Hand drawn sketch was made as first draft.  From there, suppliers were looked into as 

to whom could meet the requirements/make something similar with the desired design 

in mind.  End product looked much different from earliest sketch. 

 

What do you think are the most important things to keep in mind when identifying 

modifications? 

Making sure to meet client requirements and making sure that the modifications can fit 

into the limited space constraints. 

 

Do you ever take ergonomic studies into consideration with your design, or do you 

usually use the expertise found in your design team? 
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No ergonomic studies taken into consideration.  Mostly new design was based on client 

suggestions (as found out by the marketing department) and designs already in the field 

done by competitors. 

 

 

Do you think of ergonomics when you are designing or positioning the layout of the 

control panel? 

Not really – focus is more on clients desires (“modern look to cabs”) and information 

provided by marketing.  For example, placement of auto-steer display was not based on 

any ergonomic theory or consideration, it was based on where the product manager 

requested it should be. 

 

Have you received any feedback from farmers of things they like about the controls?   

No 

 

Have you received any feedback from farmers of things they do not like about the 

controls?   

No 

 

Are there any things that you’ve learned over the years that must be integrated in the 

layout? 

N/A 
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Have you ever completely scrapped a layout and implemented a new control panel in a 

tractor?  If so, what year?  And why was this done? 

N/A 

 

Where do you see the future of control panels going?   

- Having end of row hydraulic functions pre-programmed.  Thus farmers will not 

have to do anything but perhaps steer (no need to lift hydraulics up and down 

manually).   

- More LCD displays 

 

 

How big of a role do the control layouts play in the purchase of a tractor?  Do you think 

they are significant at all? 

 

Do you have any tips when approaching a new layout?   

N/A 

 

There is always room for improvement with any design, however, do you think that there 

are some aspects in the current control layout that you’ve “done right” and shouldn’t be 

changed? 

N/A 
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What do you think are the most important things to keep in mind when designing a 

control panel? 

Finding ways to make sure as many client/marketing requirements are kept in mind. 

 

Are there any general thoughts you would like to share? 

- Much of the design is outsourced – clusters of buttons/switches are ordered from 

a supplier 

- Usually the cheapest supplier wins 

- Esthetics are important to clients 
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Engineer 3 

 

How do you approach the design (or re-design) of a tractor’s control panel? 

Product manager is bridge between marketing and design engineers.  Thus for him, his 

part of design approach is data collection. 

Data is acquired via focus groups, surveys, and studying competitor tractors (what they 

can offer in terms of options, restrictions, capabilities, etc) 

Focus groups do walk arounds of test tractors and give feedback.  Suggestions for re-

design are made accordingly 

Field visits with new tractors are made to dealers and new clients (clients that have 

different than usual crops/uses to see if new design is appealing to them) 

Also keeping up with new technologies – this usually comes from suppliers thus it is 

important to keep in touch with them 

 

What do you think are the most important things to keep in mind when identifying 

modifications? 

N/A 

 

Do you ever take ergonomic studies into consideration with your design, or do you 

usually use the expertise found in your design team? 

N/A – not involved in actual designing 
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Do you think of ergonomics when you are designing or positioning the layout of the 

control panel? 

N/A – not involved in actual designing 

 

Have you received any feedback from farmers of things they like about the controls?   

Versatile is known for having easy to use and simple controls that are also easy to fix. 

 

Have you received any feedback from farmers of things they do not like about the 

controls?   

Versatile is playing “catch up” in terms of state of the art technology (armrest control 

panel is an example) 

 

Are there any things that you’ve learned over the years that must be integrated in the 

layout? 

When leaving mechanical system to electrical system, diagnostic tools (fault codes, 

instructions on how to fix component) are very important to integrate into new designs 

and layouts, as operators are not familiar with electronic controls, unlike mechanical 

controls.  It helps with the serviceability of the new tractor designs 

Ease of use is something Versatile is known for, thus it should be kept in mine. 

 

 

Have you ever completely scrapped a layout and implemented a new control panel in a 

tractor?  If so, what year?  And why was this done? 
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N/A 

 

Where do you see the future of control panels going?   

 

How big of a role do the control layouts play in the purchase of a tractor?  Do you think 

they are significant at all? 

Yes 

 

 

Do you have any tips when approaching a new layout?   

 

There is always room for improvement with any design, however, do you think that there 

are some aspects in the current control layout that you’ve “done right” and shouldn’t be 

changed? 

N/A 

 

What do you think are the most important things to keep in mind when designing a 

control panel? 

Making sure design appeals to end users. 

 

 

Are there any general thoughts you would like to share? 
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Field testing with end users is very important. However, often it gets skipped because 

there is not enough time 

 

Some of the more difficult aspects of for design engineers are: 

- technology wanted does not exist, thus engineers have to fabricate it themselves 

- don’t always know what is really needed in the field 

- don’t have the practical knowledge of machine (many design engineers, for 

example, have never been inside a tractor) 

 

Cost determines usually what gets farmed out to a supplier and what gets done in 

house. 
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Engineer 4 

 

How do you approach the design (or re-design) of a tractor’s control panel? 

N/A 

What do you think are the most important things to keep in mind when identifying 

modifications? 

Usability 

 

Do you ever take ergonomic studies into consideration with your design, or do you 

usually use the expertise found in your design team? 

N/A 

 

Do you think of ergonomics when you are designing or positioning the layout of the 

control panel? 

N/A 

 

Have you received any feedback from farmers of things they like about the controls?   

N/A 

 

Have you received any feedback from farmers of things they do not like about the 

controls?   

N/A 
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Are there any things that you’ve learned over the years that must be integrated in the 

layout? 

N/A 

 

Have you ever completely scrapped a layout and implemented a new control panel in a 

tractor?  If so, what year?  And why was this done? 

N/A 

 

Where do you see the future of control panels going?   

N/A 

 

How big of a role do the control layouts play in the purchase of a tractor?  Do you think 

they are significant at all? 

N/A 

 

Do you have any tips when approaching a new layout?   

N/A 

 

There is always room for improvement with any design, however, do you think that there 

are some aspects in the current control layout that you’ve “done right” and shouldn’t be 

changed? 

N/A 
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What do you think are the most important things to keep in mind when designing a 

control panel? 

Hardest part is to identify the “usability” and making it work.  Electrohydraulics for 

example – does the button spring back? Or will it stay physically down when it’s 

engaged 

Too much time is spent on the physical layout – how are the switches themselves going 

to work vs the overall layout?  What will the shape of the switches/buttons be? 

Making sure that safety protocols are set into the design 

 

Are there any general thoughts you would like to share? 

N/A 
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Notes 

 

The insight that the engineers had was valuable.  However, many of my questions 

from my initial list were not answered because many of them had not considered 

them.  Much of the new design layout was done by copying what competing 

manufacturers had already done, and “making it fit” into the space that had been 

allocated to them by marketing.  Very little innovation was considered.  They copied 

other manufacturers and then bought pre-made clusters of buttons and switches 

from suppliers.  Upon observing the new cab (no pictures are included because it is 

still in production, and cannot be published) the groupings of the controls was done 

with what was given to them.  For example the hydraulics were grouped together 

(which is good) but the groupings for the traditional tractor controls (lights, 

windshield, etc) were grouped half hasardly. There seems to have been no real 

though put in.  For example – one row of control buttons included 3 windshield 

controls (wiper speed, fluid) and one light control.  The light control is misplaced, but 

there was an “extra button”. 

Instead of having the supplier meet any grouping requirements (which I suspect had 

not been determined beforehand) the supplier gave the clusters to the engineers 

and they grouped around what they were given.  Considering that a misplaced 

grouping is worst than no grouping at all, this a poor design in ergonomic terms. 

 

Ergonomics was not at the forefront of anyone’s mind with whom I spoke.  It seemed 

that most requirements came directly from the marketing group, and the most 
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important aspects to the control panel were its esthetics.  One engineer mentioned 

that functionality and usability was also not considered, much time was spent on the 

layout, but not what type of buttons.  It appears that emphasis was put on the control 

panel having a ”modern look” instead of actual usability and efficiency based on 

ergonomic and cognitive theories and practices. 
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APPENDIX 5 

Interviews with Farmers (Operators) 
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The following questions were asked to the farmer participants:    

Q1.  What do you like the most about the control panel in your tractor? 

Q2.  Do you like the layout of the controls? 

Q3.  Do you find that they are laid out in a way that makes them easy to use? 

Q4.  What do you find most annoying when using the control panel when operating the 

tractor? 

Q5.  Would you make any changes to the control panel in your tractor? If yes, what 

would you change?  

Q6.  Comparing these controls to other tractors you have used, would you say that it’s a 

good control panel in comparison?  Would you buy a tractor with this control panel 

again? 

Q7.  Does the layout of the control panel play any significance when you’re choosing a 

tractor? 
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Farmer 1 

Q1.  What do you like the most about the control panel in your tractor? 

A1.  Nothing -  flipping switches is preferable, he does not like moving them back and 

forth 

 

 

Q2.  Do you like the layout of the controls? 

A2.  Subject likes the layout of his panel 

 

 

Q3.  Do you find that they are laid out in a way that makes them easy to use? 

A3.  Indifferent. 

 

 

Q4.  What do you find most annoying when using the control panel when operating the 

tractor? 

A4.   -No power shifter. 

 -Accessibility – would prefer having switches instead 

  - A place to comfortably rest his arm while manipulating the controls would be 

nice - Right now his arm gets tired 
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Q5.  Would you make any changes to the control panel in your tractor? If yes, what 

would you change? 

A5.  Having one monitor for both the auto-steer and the machinery monitoring. 

 

 

Q6.  Comparing these controls to other tractors you have used, would you say that it’s a 

good control panel in comparison?  Would you buy a tractor with this control panel 

again? 

A6. No- newer makes are better 

 

 

Q7.  Does the layout of the control panel play any significance when you’re choosing a 

tractor? 

A7.  He runs the farm with his father.  For him, yes the cab and controls impacts his 

decision.  His father, probably not. 
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Farmer 2 

*Note that this farmer’s first language was not English, thus there was difficulty 

answering the questions 

 

Q1.  What do you like the most about the control panel in your tractor? 

The fact that it is mechanical hydraulic controls. 

 

Q2.  Do you like the layout of the controls? 

Yes 

 

Q3.  Do you find that they are laid out in a way that makes them easy to use? 

Yes 

 

Q4.  What do you find most annoying when using the control panel when operating the 

tractor? 

Subject did not have any comments 

 

Q5.  Would you make any changes to the control panel in your tractor? If yes, what 

would you change?  

No 
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Q6.  Comparing these controls to other tractors you have used, would you say that it’s a 

good control panel in comparison?  Would you buy a tractor with this control panel 

again? 

He thought that the controls panel in this tractor was the best, and he would buy it again 

 

Q7.  Does the layout of the control panel play any significance when you’re choosing a 

tractor? 

No – the cost of the tractors is the most important factor. 

 

Operator had these thoughts to share: 

- Likes the mechanical hydraulic controls – they are easier to fix.  However, the 

power shifter can sometimes be harder to manipulate 

- Tractors with mechanical hydraulic controls are cheaper 

- You can fix them yourself – with electronics you cannot.  You can make sure to 

have the right parts at your farm for quick repairs in case of an emergency. 
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Farmer 3 

 

Q1.  What do you like the most about the control panel in your tractor? 

No answer. 

 

Q2.  Do you like the layout of the controls? 

Likes the control layouts just fine 

 

Q3.  Do you find that they are laid out in a way that makes them easy to use? 

Yes - except that he would remount the seeder control to the front.   

 

Q4.  What do you find most annoying when using the control panel when operating the 

tractor? 

The fact that part of the control for the seeder is mounted behind him. 

 

Q5.  Would you make any changes to the control panel in your tractor? If yes, what 

would you change?  

Remount seeder controls. 

 

Q6.  Comparing these controls to other tractors you have used, would you say that it’s a 

good control panel in comparison?  Would you buy a tractor with this control panel 

again? 
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Sure -  does like the idea of electrical switches, but mechanical hydraulics do the job 

just fine. 

 

Q7.  Does the layout of the control panel play any significance when you’re choosing a 

tractor? 

Layouts would not affect his purchasing decision.  He will most likely buy a used tractor 

thus he would buy based on cost rather than esthetics 
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Farmer 4 

Q1.  What do you like the most about the control panel in your tractor? 

The arm rest - it is a good idea. 

 

Q2.  Do you like the layout of the controls? 

Not really 

 

Q3.  Do you find that they are laid out in a way that makes them easy to use? 

Operator found controls difficult to tell apart as they all looked similar. 

 

Q4.  What do you find most annoying when using the control panel when operating the 

tractor? 

Hitting the wrong buttons since they all look similar. 

 

Q5.  Would you make any changes to the control panel in your tractor? If yes, what 

would you change?  

- Would add a place to rest hand. 

- Would move throttle to the right – right now he finds it too close to the seat and 

it’s awkward to manipulate quickly 

- He would make the GPS more clear 

- He would change the buttons 

o Gauge of the implements 

o Buttons have too small increment changes 
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o They were difficult to use at first and to figure out which one was for what 

purpose 

 

- would make lower button more clear – it was too similar and too close to the 

auto-steer re-engage button (this was a tract type tractor).  When he first began 

operating the tractor he would routinely hit the wrong button. 

 

 

Q6.  Comparing these controls to other tractors you have used, would you say that it’s a 

good control panel in comparison?  Would you buy a tractor with this control panel 

again? 

Operator has not driven any other type of tractor.  Thus he cannot compare. 

 

Q7.  Does the layout of the control panel play any significance when you’re choosing a 

tractor? 

Cab and controls would influence his decision if he ever had to buy a tractor. 
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Farmer 5 

Q1.  What do you like the most about the control panel in your tractor? 

A1.  Ease of use – I know how everything works. 

 

Q2.  Do you like the layout of the controls? 

A2. Yes, they are fine. 

 

Q3.  Do you find that they are laid out in a way that makes them easy to use? 

A3. Yes 

 

Q4.  What do you find most annoying when using the control panel when operating the 

tractor? 

A4.  There is no 2nd hydraulic pump for the fan. 

 

Q5.  Would you make any changes to the control panel in your tractor? If yes, what 

would you change?  

A5. The control panel is very old.  We would just buy a new one. 

 

Q6.  Comparing these controls to other tractors you have used, would you say that it’s a 

good control panel in comparison?  Would you buy a tractor with this control panel 

again? 

A6. No. Newer panels are much better. 
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Q7.  Does the layout of the control panel play any significance when you’re choosing a 

tractor? 

A7. Yes, our next tractor will have electro-hydraulic switch controls. 

 



 152 

Farmer 6 

Farmer 6 declined to answer question due to time constraints. 
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APPENDIX 6 

Data 
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Farmer 1 
 
Speed 
Control 

Transmission 
Gear Shift 

Big Red 2 Hydraulic - 
Lift/Lower 
Air Seeder 

Hydraulic - 
Fan 

Hydraulic - 
Folding 
implement 

Hydraulic - 
Unused 

Monitor 

0:01 18:28   0:15       0:25 
1:27 19:16   0:21       6:35 
1:43     0:51       13:50 
4:01     6:10       17:14 
4:23     13:09       17:20 
5:41     13:37       17:33 
6:19     17:23       18:32 

13:31     18:21       18:46 
15:08     19:05       21:16 
17:30     21:35       22:55 
18:19     23:02       23:00 
18:40     23:13       23:33 
19:04     23:45       23:44 
19:17     23:56       31:42 
19:30     30:01       32:35 
20:40     31:14       38:33 
23:11     31:54       39:05 
23:15     32:43       40:05 
23:28     33:13       40:09 
24:08     34:54       40:18 
26:29     40:20       40:37 
28:12     40:23       40:57 
40:25     40:49       44:46 
41:09     40:56       45:07 
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49:50     41:10       45:17 
      44:37       45:24 
      44:45       49:01 
      44:53       49:38 
      44:53       53:11 
      45:06       53:19 
      49:08       53:59 
      49:17       59:37 
      49:44         
      49:52         
      53:35         
      53:45         
      54:05         
      54:12         
      54:21         
      54:25         
      55:23         
      59:22         
      59:40         
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Farmer 2 
 

Speed 
Control 

(Little Red) 

Transmission 
Shift (Big 
Red 2) 

Main 
Hydraulic 

(Air 
Seeder) 
(Green) 

Hydraulic - 
Folding 

Implement 

Fan 
Hydraulic 

Differential 
Lock 

Hydraulic - 
Unused 

Hydraulic- 
Unused 

 Monitor 

0:53 7:54 7:36   10:43 11:39     25:44 
1:20 12:40 10:51   10:50 11:41       
3:52 22:44 10:57     11:47       
4:48   11:08     12:17       
6:57   11:27     12:45       
8:08   11:30     12:47       

10:54   12:21     19:21       
11:51   12:23     19:28       
12:56   20:56     27:55       
19:30   21:09     33:12       
21:27   21:13     35:31       
35:34   22:10     35:44       
35:48   22:40     40:22       
42:16   23:44     43:10       
42:51   23:57     57:37       
43:17   25:16     57:51       
51:17   25:00             
57:22   25:04             
57:39   26:05             
58:00   26:12             
58:36   26:28             

    27:35             
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    27:50             
    33:27             
    33:40             
    34:20             
    40:44             
    41:04             
    42:07             
    42:46             
    57:15             
    57:29             
    57:46             
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Farmer 3 
 

Speed 
Control 

Transmission 
gear Shift 

Hydraulic - 
Air Seeder 
Lift/Lower 

Hydraulic - 
Folding 

Implement 

Hydraulic - 
unused 

Hydraulic 
Unused 

Monitor 1 - 
Seeder 
Control 

Monitor 2 - 
Monitoring 

device 
2:47   0:04       2:10 3:20 
5:22   2:16       4:44 5:06 

10:05   2:44       5:12 7:32 
13:25   4:50       7:12 9:45 
18:03   5:18       9:28 12:07 
18:16   7:16       11:39 16:23 
18:54   7:45       12:14 19:04 
19:11   9:38       13:57 21:33 
20:07   10:03       16:00 24:10 
25:12   11:46       16:28 26:33 
38:16   12:17       18:58 31:18 
42:50   14:03       19:21 33:16 
43:08   14:25       21:11 35:26 
43:31   16:02       21:42 37:16 
43:35   16:33       23:50 39:10 
43:38   18:01       24:09 41:07 
46:51   19:07       26:07 43:33 
53:57   21:18       26:44 45:04 

    21:49       28:28 45:18 
    23:52       28:56 46:44 
    24:20       29:06 48:02 
    26:16       30:40 49:12 
    26:51       31:04 49:36 
    28:41       32:56 50:20 
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    29:08       33:26 51:13 
    30:49       34:48 52:04 
    31:20       35:28 54:35 
    33:07       36:55   
    33:27       37:23   
    35:06       38:44   
    35:34       39:15   
    37:05       40:19   
    37:24       40:55   
    38:49       41:46   
    39:17       42:04   
    40:37       42:49   
    41:02       42:51   
    41:52       43:36   
    42:09       44:47   
    42:57       45:05   
    43:39       45:17   
    44:53       45:52   
    45:20       46:12   
    46:21       46:41   
    46:47       46:46   
    47:39       47:31   
    48:12       47:47   
    48:57       48:07   
    49:27       48:47   
    50:01       49:21   
    50:30       49:44   
    50:52       50:28   
    51:00       50:51   
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    51:27       50:55   
    51:47       51:24   
    52:10       51:42   
    52:22       51:46   
    52:40       52:17   
    52:50       52:33   
    53:17       52:43   
    53:52       53:10   
            53:41   
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Farmer 4 
 

Auto-Steer 
Engage/Disengage 

Transmission 
Gear Shift 

Speed 
Control 

Electro 
Hydraulic - 

Fan 

Electro-
Hydraulic 
Folding 

Implement 

Electro 
Hydraulic - 
Air Seeder 
Lift/Lower 

Eletro 
Hydraulic - 

Unused 

Monitor 

4:12 0:05 1:03 0:07   0:14   2:44 
8:10 19:00 31:51 31:32   0:18   13:32 

12:09 31:49       3:53   24:12 
16:06         4:17   33:22 
20:20         7:49   50:54 
23:58         8:14     
27:55         11:47     
32:13         12:11     
36:09         16:12     
39:23         19:44     
47:30         20:07     
50:16         23:40     
52:14         24:04     
59:36         27:37     

          28:00     
          31:31     
          32:18     
          35:52     
          36:15     
          39:02     
          39:55     
          42:19     
          43:30     
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          44:29     
          44:53     
          47:39     
          49:13     
          50:23     
          51:58     
          52:23     
          55:40     
          56:05     
          59:19     
          59:42     
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Farmer 5 
 

Speed 
Control 

Monitor Hydraulic - 
Air Seeder 
Lift/Lower 

Hydraulic - 
Fan 

Hydraulic - 
Folding 

Implement 

Hydraulic - 
Unused 

Hydraulic - 
Differential 

Lock 

Monitor/Seeder 
control 

    1:10 9:05     5:19 14:00 
10:01 10:20 1:38 17:54     5:26 14:18 

    5:10 22:09     9:28 17:55 
    5:21 26:27       18:25 
    5:32 30:43       22:11 
    9:07 34:52       22:32 
    9:34 39:06       26:30 
    14:01 48:01       31:08 
    14:21 52:13       34:55 
    17:58 56:52       35:22 
    18:27         39:07 
    22:12         39:27 
    22:33         43:35 
    26:31         43:38 
    26:57         44:02 
    30:45         48:02 
    31:08         52:12 
    34:55         52:59 
    35:24         56:53 
    39:19         57:17 
    39:29           
    42:50           
    43:37           
    43:40           
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    44:06           
    48:03           
    48:25           
    52:15           
    52:41           
    56:55           
    57:18           
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Farmer 6 
 
Speed 
Control Throttle H1,H2,H3,H4 Blade Boom 

Steering 
Knob Shaker 

1:04 1:55 2:38 2:47 3:08 2:13 20:40 
1:13 2:35 8:32 3:11 3:13 2:18   
1:40 2:44 10:52 3:33 3:41 19:04   
2:36 8:26 18:24 3:43 3:45 19:14   
2:45 8:31 33:50 3:53 4:40 19:40   
8:24 8:41 35:07 4:11 4:53 19:51   
8:41 10:55 48:07 4:34 5:13 24:44   

11:01 18:23 51:36 4:49 5:26     
18:19 19:02   5:12 5:34     
18:37 20:11   5:24 5:43     
18:49 20:32   5:32 5:55     
18:57 27:22   5:38 6:01     
19:02 27:28   5:49 6:21     
19:04 33:53   6:00 6:28     
19:35 35:14   6:19 6:44     
19:44 48:04   6:27 7:08     
20:01 48:07   6:41 7:13     
20:32 48:22   7:07 7:18     
27:21 49:44   7:09 7:37     
27:32 49:52   7:15 7:41     
34:00 50:24   7:34 7:53     
34:55 51:01   7:41 7:59     
35:17 51:12   7:52 8:21     
35:26 51:44   7:58 8:29     
48:06     8:18 11:05     
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48:07     11:35 11:59     
48:18     12:17 12:20     
48:31     12:26 12:27     
48:40     12:54 13:15     
48:42     13:14 16:23     
49:16     16:21 18:13     
49:30     18:10 18:44     
49:38     20:47 20:09     
49:56     20:57 20:38     
50:03     21:02 20:53     
50:20     21:19 21:04     
50:29     21:25 21:22     
51:01     21:39 21:26     
51:12     21:48 21:43     
51:44     22:14 21:50     

      22:26 22:16     
      22:31 22:28     
      23:12 22:32     
      24:01 23:12     
      24:53 23:43     
      25:21 24:02     
      25:39 24:46     
      25:51 24:57     
      28:18 25:27     
      28:36 25:42     
      29:19 28:08     
      31:41 28:37     
      32:28 28:44     
      32:41 31:41     
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      32:55 32:32     
      33:13 32:45     
      33:21 33:02     
      33:43 33:18     
      35:20 33:24     
      35:27 35:11     
      35:45 35:19     
      35:59 35:23     
      36:05 35:32     
      36:13 35:46     
      36:39 36:01     
      36:57 36:10     
      37:06 36:15     
      37:15 36:25     
      37:22 36:34     
      37:26 36:41     
      37:51 36:59     
      38:09 37:10     
      38:18 37:16     
      38:36 37:23     
      38:41 37:27     
      38:55 37:52     
      38:59 38:11     
      39:09 38:19     
      39:15 38:38     
      39:30 38:45     
      39:37 38:56     
      39:42 39:04     
      41:21 39:11     
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      41:27 39:18     
      42:27 39:31     
      45:38 39:41     
      46:04 39:44     
      46:13 41:25     
      46:23 41:28     
      47:25 42:30     
      48:23 45:42     
      51:14 46:06     
      51:52 46:15     
      51:59 46:25     
      52:05 47:26     
      52:49 48:17     
      53:07 51:30     
      53:11 51:36     
      54:02 51:48     
      54:36 51:53     
      56:32 52:02     
      56:34 52:07     
      58:17 52:50     
      58:47 53:08     
      58:56 53:12     
        54:03     
        54:37     
        56:33     
        56:40     
        58:18     
        58:50     
        58:57     
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Research Project Title:    Control panel re-design for agricultural tractors. 
 
Principal Investigator and contact information:  Maria Mastorakos, M.Sc. student 
      Department of Biosystems Engineering 
      University of Manitoba 
      Winnipeg, MB  R3T 5V6 
      Phone:  474-7966 
      E-mail: ummastor@cc.umanitoba.ca 
 
Research Supervisor and contact information: Dr. Danny Mann, P.Eng., Professor & Head 
      Department of Biosystems Engineering 
      University of Manitoba 
      Winnipeg, MB  R3T 5V6 
      Phone:  474-7149 
      E-mail:  Danny_Mann@umanitoba.ca 
 
Sponsor:     NSERC ENGAGE 
 
This consent form, a copy of which will be left with you for your records and reference, is only part 
of the process of informed consent.  It should give you the basic idea of what the research is about 
and what your participation will involve.   If you would like more detail about something mentioned 
here, or information not included here, you should feel free to ask.  Please take the time to read this 
carefully and to understand any accompanying information. 
 
1.  Research Objective 
Efficient operation of a machine depends upon the design of its control layout.  The literature documents 
several factors that are of importance in the design of a control panel.  Despite knowledge about each 
individual factor, it is not known how these factors should be combined to yield an overall ergonomic 
assessment of a specific control arrangement.  A previous M.Sc. student developed a numerical index to 
be used as a tool during the design of control panels for tractors (Drakopoulos and Mann 2008).   The 
index was developed based primarily on input from the published literature and standards with limited 
input from professionals (i.e., ergonomists, design engineers) or users (i.e., farmers).  Specifically, the 
frequency of use of tractor controls during typical farming operations is not known.  The usefulness of the 
index as a tool for design engineers could be improved with input from both professionals and users. 
 

Faculty of Agricultural 
and Food Sciences 

Department of Biosystems Engineering 
E2-376 EITC 
Winnipeg MB  R3T 5V6 
CANADA 
Tel:  204-474-6033 
Fax: 204-474-7512  
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Although tractor control panels have undergone ergonomic improvements in recent decades, there may be 
even greater changes on the horizon.  The prevalence of auto-steer systems may lead to a situation where 
the driver wishes to face rearward to have a better view of the trailing implement.  Other researchers have 
suggested that fully autonomous tractors may be the future.  An intermediate step might be an auto-
steered tractor with manual overrides from a remote location.  In such a situation, the space constraints of 
the current tractor cab will not exist.  Thus, it may be possible to completely re-design the layout of 
controls to enhance the ergonomics of the design. 
 
There are two objectives of the proposed research:  1) generation of new research information regarding 
use of tractor controls and 2) conceptual design of a control layout for a remotely-operated tractor. 
 
2.  Research Procedure 
The Principal Investigator (Maria Mastorakos) will consult with design engineers at Buhler Versatile to 
learn and document the factors that are considered in the design of current control panels.  Unstructured 
interviews will be used to allow maximum flexibility when speaking with the design engineers.  
Interviews with design engineer participants are anticipated to take 1 h, but will not exceed 2 h.  Only one 
session with each design engineer is planned. 
 
3.  Instruments to be used 
Unstructured interview will be used to allow maximum flexibility when speaking with the design 
engineers. 
 
4.  Benefit to the Participant 
There is no direct benefit to the participant resulting from participation in this study. 
 
5.  Risk to the Participant 
There will be no risk. 
 
6.  Assurance of Confidentiality 
Your name will never be used with reference to this research.  You will be assigned an I.D. number when 
you sign this consent form.  The I.D. number will be used in place of your name with reference to all 
experimental data.  Only the principal investigator, Maria Mastorakos, and her advisor, Dr. Danny Mann, 
will have access to the information collected.  The data will be stored in the research lab of Dr. Danny 
Mann until it has been entered into the computer. The names and coded numbers will be stored 
separately.  
 
7.  Remuneration 
There is no remuneration for participating in this study. 
 
8.  Assurance of Voluntary Participation 
Your participation in this research is voluntary. If at any time you wish to withdraw from the project, you 
may do so without consequence. If you decide to do so any time during the interview, you should notify 
the experimenter. If you make such a request, the interview will be stopped and any data collected will be 
deleted immediately. 
 
9.  Debriefing of Participants 
No formal debriefing will take place immediately following data collection. 
 
10.  Dissemination of Research Results 
A written report will be sent to Buhler Versatile Inc. upon completion of this study.  The data will be 
reported in the M.Sc. thesis of Ms. Maria Mastorakos. The study is in partial fulfillment of a Master’s 
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degree in Biosystems Engineering.  Ultimately, the intent is to publish the results of this study in a peer-
reviewed journal. 
 
11. Availability of Research Results 
Results of this experiment will be available in the form of a summary sheet six months after the date of 
the experiment. 
 
! Check the box to the left if you would like to receive a summary of the research.  Please provide 

your e-mail or postal address so that I can contact you when it is ready.  
 
 
 
12.  Destruction of Confidential Data 
The original data will be kept until December 31, 2013. The data will be saved on PC hard drives for 
analysis; the PC is password protected and can be accessed only by the main investigator. At least one 
backup copy of the data will be saved on CDs to ensure safety. After December 31, 2013, the data will be 
removed from the hard drives and the backup copies will be destroyed.  Hard copies of the data will also 
be destroyed at this time. 
 
Your signature on this form indicates that you have understood to your satisfaction the information 
regarding participation in the research project and agree to participate as a subject.  In no way 
does this waive your legal rights nor release the researchers, sponsors, or involved institutions from 
their legal and professional responsibilities.  You are free to withdraw from the study at any time, 
and /or refrain from answering any questions you prefer to omit, without prejudice or consequence.  
Your continued participation should be as informed as your initial consent, so you should feel free 
to ask for clarification or new information throughout your participation. 
 
The University of Manitoba Research Ethics Board(s) and a representative(s) of the University of 
Manitoba Research Quality Management / Assurance office may also require access to your 
research records for safety and quality assurance purposes. 
 
This research has been approved by the Education/Nursing Research Ethics Board.  If you have 
any concerns or complaints about this project you may contact any of the above-named persons or 
the Human Ethics Coordinator (HEC) at 474-7122.  A copy of this consent form has been given to 
you to keep for your records and reference. 
 
 
Thank you for considering participation in this study. 
 
 
 
 
Participant’s Signature ________________________           Date ____________ 
 
 
Researcher and/or Delegate’s Signature ___________________    Date ____________ 
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Research Project Title:    Control panel re-design for agricultural tractors. 
 
Principal Investigator and contact information:  Maria Mastorakos, M.Sc. student 
      Department of Biosystems Engineering 
      University of Manitoba 
      Winnipeg, MB  R3T 5V6 
      Phone:  474-7966 
      E-mail: ummastor@cc.umanitoba.ca 
 
Research Supervisor and contact information: Dr. Danny Mann, P.Eng., Professor & Head 
      Department of Biosystems Engineering 
      University of Manitoba 
      Winnipeg, MB  R3T 5V6 
      Phone:  474-7149 
      E-mail:  Danny_Mann@umanitoba.ca 
 
Sponsor:     NSERC ENGAGE 
 
This consent form, a copy of which will be left with you for your records and reference, is only part 
of the process of informed consent.  It should give you the basic idea of what the research is about 
and what your participation will involve.   If you would like more detail about something mentioned 
here, or information not included here, you should feel free to ask.  Please take the time to read this 
carefully and to understand any accompanying information. 
 
1.  Research Objective 
Efficient operation of a machine depends upon the design of its control layout.  The literature documents 
several factors that are of importance in the design of a control panel.  Despite knowledge about each 
individual factor, it is not known how these factors should be combined to yield an overall ergonomic 
assessment of a specific control arrangement.  A previous M.Sc. student developed a numerical index to 
be used as a tool during the design of control panels for tractors (Drakopoulos and Mann 2008).   The 
index was developed based primarily on input from the published literature and standards with limited 
input from professionals (i.e., ergonomists, design engineers) or users (i.e., farmers).  Specifically, the 
frequency of use of tractor controls during typical farming operations is not known.  The usefulness of the 
index as a tool for design engineers could be improved with input from both professionals and users. 
 

Faculty of Agricultural 
and Food Sciences 

Department of Biosystems Engineering 
E2-376 EITC 
Winnipeg MB  R3T 5V6 
CANADA 
Tel:  204-474-6033 
Fax: 204-474-7512  
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Although tractor control panels have undergone ergonomic improvements in recent decades, there may be 
even greater changes on the horizon.  The prevalence of auto-steer systems may lead to a situation where 
the driver wishes to face rearward to have a better view of the trailing implement.  Other researchers have 
suggested that fully autonomous tractors may be the future.  An intermediate step might be an auto-
steered tractor with manual overrides from a remote location.  In such a situation, the space constraints of 
the current tractor cab will not exist.  Thus, it may be possible to completely re-design the layout of 
controls to enhance the ergonomics of the design. 
 
There are two objectives of the proposed research:  1) generation of new research information regarding 
use of tractor controls and 2) conceptual design of a control layout for a remotely-operated tractor. 
 
2.  Research Procedure 
To address the first objective, a Master’s student (Maria Mastorakos) will conduct field research by riding 
along with tractor operators (1 h session) while they perform typical tractor operations and recording 
control panel use. A video camera will be used to record hand movements by the operator for subsequent 
analysis.  The video footage will be reviewed to determine 1) the number of times each control is used, 2) 
the sequence of use of the controls, and 3) the time interval between consecutive control activation. Prior 
to the start of the driving session, detailed information about the tractor (i.e., make, model, model year) 
will be recorded and digital pictures taken of the control panel.  Physical measurements of the relevant 
dimensions of the controls will be recorded based on the methodology used by Drakopoulos and Mann 
(2007).  At the conclusion of the driving session, the farmer will be asked to comment on likes and 
dislikes of the control panel, as well as suggested improvements (15 min session).  A minimum of five 
farmers will be selected for participation in this study.  The first priority will be to ride along with farmers 
during seeding operation, although other field operations may also be considered to gain a greater 
understanding of control use during several field operations. 
 
3.  Instruments to be used 
A video camera will be used to record control activations. Video recordings of the farmer 
participants during field operation will not be shown publicly but will only be used to determine 
the patterns of use of various controls on the panel.  At the conclusion of the ride-along session, 
you will be asked some general questions about your likes and dislikes of the control panel in 
your tractor and suggestions for improvements. 
 
4.  Benefit to the Participant 
There is no direct benefit to the participant resulting from participation in this study. 
 
5.  Risk to the Participant 
We will monitor the control panel use in your tractor during normal field operations. The video 
camera used for this purpose will not, in any way, interfere with the normal operation of the 
tractor and will pose no limitation on your monitoring or control of the tractor. Therefore, you 
will be subject to no risk as a result of this study. 
 
6.  Assurance of Confidentiality 
Your name will never be used with reference to this research.  You will be assigned an I.D. number when 
you sign this consent form.  The I.D. number will be used in place of your name with reference to all 
experimental data.  Only the principal investigator, Maria Mastorakos, and her advisor, Dr. Danny Mann, 
will have access to the information collected.  The data will be stored in the research lab of Dr. Danny 
Mann until it has been entered into the computer. The names and coded numbers will be stored 
separately.  
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7.  Remuneration 
You will receive an honorarium of $100 for participating in the experiments.  Cash will be provided upon 
completion of the ride-along session and subsequent informal interview. 
 
8.  Assurance of Voluntary Participation 
Your participation in this research is voluntary. If at any time you wish to withdraw from the project, you 
may do so without consequence. If you decide to do so any time during the ride-along session, you should 
notify the experimenter. If you make such a request, video recording will be stopped and any data 
collected will be deleted immediately. 
 
9.  Debriefing of Participants 
No formal debriefing will take place immediately following data collection. 
 
10.  Dissemination of Research Results 
A written report will be sent to Buhler Versatile Inc. upon completion of this study.  The data will be 
reported in the M.Sc. thesis of Ms. Maria Mastorakos.  The study is in partial fulfillment of a Master’s 
degree in Biosystems Engineering.  Ultimately, the intent is to publish the results of this study in a peer-
reviewed journal. 
 
11. Availability of Research Results 
Results of this experiment will be available in the form of a summary sheet six months after the date of 
the experiment. 
 
! Check the box to the left if you would like to receive a summary of the research.  Please provide 

your e-mail or postal address so that I can contact you when it is ready.  
 
 
 
12.  Destruction of Confidential Data 
The original data will be kept until December 31, 2013. The data will be saved on PC hard drives for 
analysis; the PC is password protected and can be accessed only by the main investigator. At least one 
backup copy of the data will be saved on CDs to ensure safety. After December 31, 2013, the data will be 
removed from the hard drives and the backup copies will be destroyed.  Hard copies of the data will also 
be destroyed at this time. 
 
Your signature on this form indicates that you have understood to your satisfaction the information 
regarding participation in the research project and agree to participate as a subject.  In no way 
does this waive your legal rights nor release the researchers, sponsors, or involved institutions from 
their legal and professional responsibilities.  You are free to withdraw from the study at any time, 
and /or refrain from answering any questions you prefer to omit, without prejudice or consequence.  
Your continued participation should be as informed as your initial consent, so you should feel free 
to ask for clarification or new information throughout your participation. 
 
The University of Manitoba Research Ethics Board(s) and a representative(s) of the University of 
Manitoba Research Quality Management / Assurance office may also require access to your 
research records for safety and quality assurance purposes. 
 
This research has been approved by the Education/Nursing Research Ethics Board.  If you have 
any concerns or complaints about this project you may contact any of the above-named persons or 
the Human Ethics Coordinator (HEC) at 474-7122.  A copy of this consent form has been given to 
you to keep for your records and reference. 
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Thank you for considering participation in this study. 
 
 
 
 
Participant’s Signature ________________________           Date ____________ 
 
 
 
 
 
Researcher and/or Delegate’s Signature ___________________    Date ____________ 
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APPENDIX 8 

Index of Functionality Calculation Program (Attached via CD) 
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