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traveled at an average of 35 mph, increasing and decreasing in speed by approximately 5 mph to 

increase the difficulty of the task. The lead plow also traveled in a right to left sinusoidal pattern. An 

orange, vertical post was presented in the screen to denote the position of the end of their front plow, 

in lieu of other 3-dimensional distance cues. 

 

 

Figure 2.1 Picture of the simulator setup from the driver’s view. 

When the participant arrived in the laboratory room an experimenter described the study, obtained 

written consent, and began the study. First, each operator performed a practice drive to become 

familiar with the acceleration and braking maneuvers in the simulator. They were asked to follow the 

lead plow in a tight formation, following as closely but safely as possible. During the practice, the driver 

learned to perform an arrow task used to simulate a task that might distract them from driving, similar 

to managing the radio or the Maintenance Decision Support System (MDSS). The arrow task presented a 

three-by-three matrix of arrows. When the task begins, each arrow spins and randomly points either up, 

down, left, or right. The driver’s task is to count the number of arrows in the surrounding matrix that 

match the center arrow and report the outcome on a touch pad. Then, the arrows are colored green to 

indicate a correct response, or red to indicate an incorrect response. Finally, the arrows re-spin to a 

new, random direction. The driver was given unlimited time to respond to each arrow task and told to 

perform the arrow task whenever they felt comfortable during the drive. See Figure 2.2 below for a 

picture of the arrow task. 
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Figure 2.2 Arrow task states displayed to the user. 

Next, each driver performed a series of six drives. The six drive types were selected based on driver 

feedback from interviews and initial piloting of the simulation. Each drive was identical, but the system 

configuration presented to the driver was changed in each drive. Specifically, the interface presented for 

each drive included the following combinations:  

 A color display only  

 A color display with haptic feedback 

 A color display with auditory feedback  

 Haptic feedback only 

 Auditory feedback only 

 A control drive with no display or feedback 

 

The order of the interfaces were counterbalances using a Latin square. The color display presented an 

image of the driver’s plow and an image of the lead plow truck. The driver’s plow stayed in one location, 

while the lead plow truck moved onscreen in relation to the driver’s plow. For example, if the lead plow 

was directly in front of the participant’s plow, then the display would show the lead plow in front of the 
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driver’s plow on screen. If the driver steered to the right of the lead plow, then the display would show 

the lead plow to the left of the participant’s plow. This initial design was based on previous interview 

responses from MnDOT drivers and was intended to display a birds-eye view of the trucks and present 

information about the distance between the two vehicles. The initial design of the color display is 

surrounded in a yellow box in Figure 2.3 below. 

  

 

Figure 2.3. System device setup for the initial design. 

For the color information, a set of zones was added to display feedback about how far the driver was 

from the lead plow. In the original design, the outermost zone changed to a green color when the trucks 

were between 8.1 to 12 ft. from one another to indicate a safe and optimal distance from the lead plow. 

See Figure 2.4 below for an example of the green zone. 
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Figure 2.4. Green zone for the initial design. 

The middle zone changed to a yellow color when the trucks were between 4.1 and 8 ft. from one 

another to indicate that the driver should be cautious about their proximity to the lead plow. See Figure 

2.5 below for an example of the yellow zone.  

 

 

Figure 2.5. Yellow zone for the initial design. 

Finally, the innermost zone changed to a red color when the trucks were between 0.1 and 4 ft. from one 

another to indicate that the driver is dangerously close to wing on the lead plow. See Figure 2.6 below 

for an example of the red zone.  
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Figure 2.6. Red zone for the initial design. 

If the driver’s truck was too close to the lead truck on the left side, the left-side bars changed red to 

indicate that lateral distance was too close. See Figure 2.7 below for an example of the lateral red zone. 

 

 

Figure 2.7. Lateral red zone for the initial design. 

Distance between the plow trucks was calculated from the front of the driver’s plow to the tip of the 

side wing on the lead plow. In the auditory feedback conditions, the speakers in the interface would 

beep 4 times to indicate that the driver was between 0.1 to 4 ft. from the lead plow. See Figure 2.8 

below for an example of the system state when an auditory warning would occur.  
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Figure 2.8. System state when the auditory warning occurred for the initial design. 

In the haptic feedback conditions, the driver’s seat pan would vibrate at 40 Hz for 1 second to indicate 

that the driver was between 0.1 to 4 ft. from the lead plow. See Figure 2.9 below for an example of the 

system state when a haptic warning would occur. 

 

 

Figure 2.9. System state when the haptic warning occurred for the initial design. 

During the drives with the color display and feedback, the driver would see the innermost zone turn red 

at the same time that they received either auditory or haptic feedback. 
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2.2.2 Results 

2.2.2.1 Initial Design 

The following themes represent participant comments and feedback about the initial design of the 

system during the initial six participants. 

1. Participants thought the tone would be confusable with other tones in the truck. Tones will 

compete for many other noises (e.g., wind, engine, dicky john, MDSS noise, radio).  

 Recommendation: If a tone is used, it needs to be unique compared to the other tones 

in the vehicle.  

2. Participants requested larger green, yellow, and red zones. 

 Recommendation: enlarge the zones and zoom in the display. 

3. Participants noted that the display seemed cluttered and contained irrelevant information.  

 Recommendation: Change some features to make it less cluttered and easier to 

understand at a glance (e.g., remove gray bars on left side, remove arrow for off-screen 

lead plow). 

4. Participants wanted to know the distances for the red, yellow, green zones.  

 Recommendation: Train users or give distance information on screen. 

2.2.2.2 System Redesign 

After the initial study, the interface was redesigned to account for the design and usability issues 

identified from the driver feedback. First, the scale of the display was increased to make it easier for the 

driver to see the color information without having to constantly watch the screen. Then, the color 

information on the left side of the driver’s truck was removed because it was widely regarded as 

irrelevant and seemed to unnecessarily clutter the display. The second design of the color display is 

highlighted in a yellow box in the Figure 2.10 below. 
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Figure 2.10. System device setup for the second design. 

After removing clutter, the zone distances were changed based on user feedback. The green zone was 

changed to 12.1 to 20 ft. (previously 8.1 to 12 ft.) to indicate a safe distance from the lead plow. This 

larger zone was hypothesized to not only be easier to perceive with peripheral vision, but would be 

easier to maintain a position within. See Figure 2.11 below for an example of the green zone. 

 

 

Figure 2.11. Green zone for the second design. 
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The yellow zone was changed to turn a yellow color when the lead plow was within 6.1 and 12 ft. 

(previously 4.1 to 8 ft.) from the driver’s plow to indicate that the driver should be cautious about their 

proximity to the lead plow. See Figure 2.12 below for an example of the yellow zone. 

 

 

Figure 2.12. Yellow zone for the second design. 

The red zone was changed to turn a red color when the lead plow was within 0.1 and 6 ft. from 

(previously 0.1 to 4 ft.) the driver’s plow to indicate that the driver is dangerously close to wing on the 

lead plow. See Figure 2.13 below for an example of the red zone.  

 

 

Figure 2.13. Red zone for the second design. 
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The design of the auditory and haptic warnings was not changed. However, the red zone size was 

expanded so that the auditory and haptic feedback alerted the driver that they were within 6 ft. of the 

lead plow’s wing instead of the 4 ft. from the initial design. 

2.2.2.3 Testing the Redesigned System 

The redesigned system was tested with an additional six participants. The following are the overall 

themes about the system, system preferences, usability ratings, and mental effort ratings.  

2.2.2.4 Usability Ratings 

The System Usability Scale (SUS) was used to quantify the usability of the systems. In general, usability 

ratings were relatively high for all system configurations and both designs. A 2x5 Mixed ANOVA was 

performed to assess the main effects of the system configuration (5 levels, within-subjects) and system 

design changes (2 levels, between-subjects) for the usability ratings. While the SUS scores are slightly 

lower on average for Design 2, there was no significant difference in SUS ratings between the system 

configurations or system designs. 

Table 2.1. SUS Descriptive Statistics for System Design and Configuration 

System Configuration 
Design 1  Design 2 

M SD   M SD 

Auditory only 72.50 19.87 
 

67.50 20.49 
Color 71.25 20.05 

 
67.08 15.84 

Color+Auditory 73.75 15.63 
 

60.42 19.07 
Color+Haptic 70.42 19.96 

 
67.92 17.92 

Haptic only 80.42 14.95   71.67 19.73 

2.2.2.5 Mental Effort Ratings 

The Rating Scale Mental Effort (RSME) was used to quantify the perceived mental workload of the 

participants. The scale ranged from 0 (i.e., no mental effort) to 150 (i.e., highest mental effort). In 

general, ratings of mental workload were relatively low across all system configurations and system 

designs. A 2x5 Mixed ANOVA was performed to assess the main effects of the system configuration (5 

levels, within-subjects) and system design changes (2 levels, between-subjects) for the mental effort 

ratings. Mental effort ranged from “Some Effort” (approximately scored at 30) to “Considerable Effort” 

(approximately scored at a 70). Again, while the RSME scores are slightly higher on average for Design 2, 

there were no significant differences in RSME scores between the system configurations or system 

designs. 
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Table 2.2. RSME Descriptive Statistics for System Design and Configuration 

System Configuration 

Design 1  Design 2 

M SD   M SD 

Auditory only 38.00 14.70 
 

60.83 34.70 
Color 43.83 23.58 

 
79.17 41.04 

Color+Auditory 37.17 19.90 
 

60.00 32.86 
Color+Haptic 45.00 17.61 

 
72.50 36.30 

Haptic only 34.67 20.41 
 

65.00 35.07 
Control 33.83 16.38   66.67 47.61 

2.2.2.6 System Preferences 

Most participants preferred haptic warnings over auditory warning, since auditory warnings could be 

confusable with other in vehicle tones. The color indicators seemed useful for new drivers, or during 

very low visibility conditions. See Table 2.3 below for the most and least favorite system configurations.  

Table 2.3. Overall System Preferences 

System Configuration Most Favorite (n) Least Favorite (N) 

HAPTIC ONLY 5 2 

COLOR+HAPTIC 4 2 

COLOR+AUDITORY 2 0 

COLOR 1 2 

AUDITORY ONLY 0 3 

NO SYSTEM 0 3 

2.2.2.7 Driving Simulator Data 

Driving simulator data was collected during the participant drives to evaluate the differences between 

system configuration and system designs. The main intent of the study was to ascertain the usability and 

satisfaction with the gang plow follower HMI design options; however, the research team collected 

driving performance metrics to determine if any differences could be measured in the operators’ 

abilities to maintain a consistent position behind the lead plow based on interface type. Out of 

consideration for the operators’ time, the simulation drive was not designed to allow for prolonged 

performance metrics measurements. Instead, the simulation routes were structured to capture first 

impressions of the system, so the results are not conclusive to the interfaces efficacy as an assistive tool. 

The names and descriptions of all simulation measures evaluated are listed in Table 2.4. 

 

A 2x6 Mixed ANOVA was performed to assess the main effects of the system configuration (6 levels, 

within-subjects) and system design changes (2 levels, between-subjects) for each of the simulation 

variables measured.  

 There were no significant differences between the initial and second designs for any of the 

simulation variables.  
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 Median time headway was significantly different between the system configurations, 

F(2.95,26.58) = 3.08, p = .045, partial eta-squared = .255. Specifically, the median time 

headway in the Color display configuration was greater than the Haptic only warnings (p 

=.001).  

 The percent of single red warnings given during the drives was significantly different 

between the system configurations, F(2.17,19.52) = 4.21, p = .028, partial eta-squared = 

.319. However, there were no significant differences between the system configurations 

after using a Bonferroni adjustment for multiple comparisons. Therefore, we cannot 

conclude that the percentage of single red warnings were different between system 

configurations. There were no other significant effects for the other simulation variables 

measured.  
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Table 2.4. Name and Descriptions of Simulation Measures 

Measure Description 

Average lateral positioning 
Average lateral distance from lead plow at 0 reference point. All values should be converted 
to absolute values so we do not have a wash of positive and negative distance 

85% percentile lateral 
distance left 

85th percentile lateral distance left of lead plow at 0 reference point. 

85% percentile lateral 
distance right 

85th percentile lateral distance right of lead plow at 0 reference point 

Mode lateral positioning Mode lateral distance (indicating positive or negative) from 0 reference point 

Average longitudinal 
positioning 

Average longitudinal distance from lead plow at 0 reference point. All values should be 
converted to absolute values so we do not have a wash of positive and negative distance 

85% percentile longitudinal 
nearest distance or 
overlapping (positive) 

85th percentile longitudinal nearest distance or overlapping with the lead plow at .0 
reference point. 

85% percentile longitudinal 
distance lagging (negative) 

85th percentile longitudinal distance overlapping with the lead plow at 0 reference point. 

Mode longitudinal 
positioning 

Mode longitudinal distance (indicating positive or negative) from 0 reference point 

Median Time headway Median time headway in seconds 

85th percentile time headway 85th percentile time headway in seconds  

Crash Rates Assess the frequency of collisions. 

Longitudinal All Red count Frequency of lateral All Red warning activations 

Longitudinal All Red percent Percent of miles driven in lateral All Red warning zone 

Longitudinal single Red 
count 

Frequency of lateral single red warning activations 

Longitudinal single Red 
percent 

Percent of miles driven in lateral single red warning zone 

Longitudinal Yellow percent Percent of miles driven in longitudinal Yellow warning zone 

Longitudinal Green percent Percent of miles driven in longitudinal Green zone 

Longitudinal Gray percent Percent of miles driven in longitudinal Gray zone 
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Descriptive statistics for all simulation measures for the initial design are displayed in Table 2.5.  

 

Table 2.5. Design 1 Simulation Descriptive Statistics 

  
Color Color+Auditory Color+Haptic Auditory only Haptic only Control 

Measure M SD M SD M SD M SD M SD M SD 

Average lateral positioning 0.57 0.30 0.55 0.54 0.52 0.43 0.54 0.41 0.60 0.54 0.38 0.19 

85% percentile lateral distance left -0.72 0.45 -0.80 0.66 -0.79 0.57 -0.77 0.51 -0.79 0.70 -0.57 0.28 

85% percentile lateral distance 
right 0.38 0.75 0.30 0.12 0.43 0.23 0.27 0.21 0.39 0.13 0.18 0.60 

Mode lateral positioning -0.40 0.55 -0.38 0.74 -0.27 0.56 -0.38 0.64 -0.48 0.78 -0.20 0.37 

Average longitudinal positioning 4.12 1.21 3.83 0.56 4.11 0.95 3.71 1.59 3.29 1.00 5.40 2.91 

85% percentile longitudinal 
nearest distance or overlapping 
(positive) 5.60 1.80 5.30 1.46 5.78 1.79 5.21 1.81 4.52 1.30 6.71 3.74 

85% percentile longitudinal 
distance lagging (negative) -1.00 0.00 -0.89 0.25 -0.93 0.18 -1.08 0.30 -1.22 1.05 -0.87 0.32 

Mode longitudinal positioning 3.57 1.19 2.98 0.42 3.30 1.03 3.07 1.40 2.77 0.87 4.75 2.49 

Median Time headway 0.28 0.08 0.26 0.04 0.28 0.06 0.25 0.12 0.21 0.08 0.37 0.20 

85th percentile time headway 0.41 0.13 0.39 0.11 0.43 0.13 0.37 0.14 0.33 0.10 0.49 0.27 

Crash Rates 0.00 0.00 0.20 0.45 0.17 0.41 0.83 1.17 0.50 0.84 0.00 0.00 

Longitudinal All Red count 0.00 0.00 0.20 0.45 0.17 0.41 1.17 1.60 0.83 1.60 0.17 0.41 

Longitudinal All Red percent 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.08 0.03 0.06 0.00 0.00 

Longitudinal single Red count 6.00 5.93 3.80 3.63 5.50 3.56 4.67 5.92 7.83 5.71 2.67 5.20 

Longitudinal single Red percent 0.05 0.09 0.04 0.04 0.05 0.07 0.17 0.27 0.20 0.21 0.01 0.02 

Longitudinal Yellow percent 0.46 0.23 0.53 0.19 0.47 0.23 0.29 0.19 0.43 0.08 0.34 0.33 

Longitudinal Green percent 0.36 0.11 0.33 0.13 0.32 0.14 0.38 0.27 0.27 0.21 0.38 0.27 

Longitudinal Gray percent 0.13 0.17 0.10 0.09 0.15 0.12 0.11 0.10 0.07 0.06 0.27 0.36 

 



23 

 

Descriptive statistics for all simulation measures for the redesigned display are in Table 2.6. 

 

Table 2.6. Design 2 Simulation Descriptive Statistics 

  
Color Color+Auditory Color+Haptic Auditory only Haptic only Control 

Measure M SD M SD M SD M SD M SD M SD 

Average lateral positioning 0.73 0.44 0.74 0.79 0.68 0.62 0.76 0.75 0.99 0.68 0.76 0.57 

85% percentile lateral distance left -1.04 0.80 -1.39 1.10 -1.11 0.64 -1.12 0.94 -1.44 0.84 -1.19 0.73 

85% percentile lateral distance 
right 0.46 0.24 0.64 0.45 0.20 0.65 0.49 0.88 -0.04 0.77 0.49 0.86 

Mode lateral positioning -0.65 0.94 -0.48 0.73 -0.55 0.72 -0.68 1.03 -0.65 0.88 -0.48 0.98 

Average longitudinal positioning 5.55 1.60 4.91 1.66 5.34 2.96 5.32 2.60 4.88 2.80 6.06 1.56 

85% percentile longitudinal 
nearest distance or overlapping 
(positive) 7.85 2.25 7.07 3.35 6.93 3.24 8.04 3.73 6.44 2.67 8.45 2.41 

85% percentile longitudinal 
distance lagging (negative) -1.04 0.30 -1.08 0.30 -0.78 0.37 -1.16 0.38 -1.07 0.45 -1.14 0.33 

Mode longitudinal positioning 4.97 2.61 3.65 1.01 4.80 3.84 4.18 2.59 3.33 1.89 4.92 2.43 

Median Time headway 0.37 0.13 0.31 0.09 0.35 0.21 0.37 0.21 0.27 0.13 0.38 0.12 

85th percentile time headway 0.56 0.17 0.51 0.25 0.50 0.23 0.57 0.27 0.45 0.20 0.61 0.17 

Crash Rates 0.50 0.55 0.50 0.55 0.33 0.52 0.17 0.41 0.50 0.84 0.17 0.41 

Longitudinal All Red count 1.17 1.94 0.67 0.82 0.33 0.52 1.17 2.86 1.33 2.80 0.83 2.04 

Longitudinal All Red percent 0.02 0.03 0.01 0.01 0.00 0.00 0.03 0.09 0.06 0.13 0.01 0.03 

Longitudinal single Red count 3.50 5.17 4.67 4.89 3.00 2.83 5.50 5.47 4.17 3.97 2.17 4.40 

Longitudinal single Red percent 0.05 0.08 0.05 0.07 0.03 0.03 0.10 0.13 0.08 0.11 0.03 0.06 

Longitudinal Yellow percent 0.18 0.15 0.35 0.26 0.38 0.26 0.27 0.22 0.35 0.31 0.15 0.18 

Longitudinal Green percent 0.45 0.25 0.39 0.22 0.34 0.24 0.30 0.16 0.32 0.23 0.39 0.23 

Longitudinal Gray percent 0.31 0.25 0.20 0.20 0.25 0.32 0.29 0.30 0.19 0.21 0.41 0.28 
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2.2.2.8 Overall Themes regarding the System 

The following quotes are statements made by participants that represent the key themes identified in 

these studies. 

 

“Looking at a computer a lot will be a bad distraction, but if it’s there to help you in white out 

conditions it’s a good distraction.” 

 

Overall, participants thought that the device would be helpful in low visibility conditions. However, 

participants expressed concern that another screen to watch would be distracting. Color feedback 

should be salient and understandable at a glance. Moreover, the color display screen should be 

designed to accommodate understanding the distance information, while not having to constantly 

monitor the screen. The redesigned system aimed to fix this issue by making the zones more salient (i.e., 

larger). As a result, participants who used the redesigned display stated that they could “get into the 

green zone and monitor the display out of the corner of their eye”.   

 

“The problem with this is that you put a system like this is the truck, now that system goes down, 

can the operator still operate the truck?” 

 

Training on the system prior to first use may alleviate user concern with having to monitor and rely on 

the display. A system training could describe the intent of the system (i.e., to help them maintain safe 

distance from the lead plow in low visibility conditions), the meaning of different zone sizes and alerts 

on the color display, and how to use the display (i.e., do not constantly monitor or become reliant on 

the display, but use it as a reference to locate and maintain safe distance from the lead plow during low 

visibility plowing conditions).  

 

“I was looking down when I was in the red, [the vibration] was handy to know I was in the red 

zone.” 

 

Participants liked having the alerts to tell them if they were too close to the lead plow. Several were 

concerned that the auditory alert (i.e., four beeps) would be annoying and confusable with other sounds 

in the plow truck. For this reason, many of the participants preferred haptic feedback (i.e., seat vibration 

at 40 Hz for 1 second). Some felt that the vibrating seat was distracting, but performed a useful function. 

That is, participants felt the seat vibrate and immediately understood that their plow was too close to 

the lead plow and let off the accelerator to get to a safer distance from the lead plow. However, some 

noted that the vibrations might be confusable with the vibration of the plow as it drives over rumble 

strips in the road. Whichever alert is chosen should be modified and tested to ensure that it is not 

confusable with other sounds or vibrations felt while plowing. 
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“It would help [newer drivers] get a sense of the right distance…If you're me, I wouldn't need 

that, but new people, they might need it. Someone that is new might utilize the green [zone] 

until they’re used to the system.” 

 

Finally, several of the drivers felt that the system would be more useful for newer drivers, and less 

useful for the experienced drivers. However, they stated that it would be useful for plowing in low 

visibility weather conditions. 

2.2.2.9 System Placement 

Participants were asked where they would place the system display in their plow. As noted earlier, most 

of the participants did not want another display screen in their truck. Consequently, most of the 

participants recommended that the system be integrated into the MDSS screen (n = 7). If the display is 

not integrated with the MDSS screen, participants recommended that the display should be placed 

somewhere that can be seen from peripheral vision without moving the driver’s eyes off the road (n = 

4). Some thought that the left pillar in the truck, similar to how the display was positioned during the 

simulation, would be a sufficient position for the display (n = 3). Further a couple participants 

recommended that the display is placed in the center of the dashboard (n = 2). 

2.2.2.10 Desired Features  

Participant made several comments about features that they would like to use in the final version of the 

system. Several participants discussed the idea of being able to adjust the zone sizes for which the 

warnings trigger. For example, one participant noted that when driving in the city during the day that 

the plow formation tended to be closer than when plowing at night or outside of the city. Another 

suggestion was to allow the driver to dim the brightness of the screen when using the system at night to 

reduce eye fatigue due to lights. 

2.2.3 Conclusions and Recommendations 

The iterative design of the human machine interface allowed the research team to gather information 

based on user impressions of the initial system and implement changes to best accommodate their 

preferences. Based on subjective reports of users, the spatially expanded and visually enlarged zones 

appeared to be successful in allowing users to be better able to monitor and maintain their following 

position in the green zone with fewer direct fixations on the screen. The generalizability of the driving 

performance from the simulation is limited since the visual information of the distance to the lead plow 

was collapsed into a 2-dimensional representation. Operators struggled to rectify their perceived 

following distance based on the simulation monitors and the reported distance from the HMI display. It 

is hypothesized that drivers will increase their satisfaction and reduce their mental effort in interacting 

with the display once it is easier to rectify and match their following distances between the display and 

the 3-dimensional distance cues from which they benefit on a real road. 
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 Operators preferred the Haptic only and Color+Haptic interfaces 

o Combining Haptic and color feedback best practice for optimal following distances 

o Effective at communicating when the operator is too close to lead plow 

o Cons: Haptics are expensive, potentially confusing with other road vibrations 

 Color+Auditory interface popular with all operators 

o Combining visual and auditory modalities promising 

o Operators reported satisfaction with this system with an appropriate tone 

 

Operators most frequently reported that the Haptic only feedback was the most preferred interface, 

followed closely by the Color+Haptic feedback. Understandably, operators reported a hesitancy to use a 

system that may visually distract them from the task of driving. While the haptic only system would free 

their visual attention, there is some evidence from the simulation data that they would be more likely to 

follow too closely with this system since they would only receive feedback when they were too close 

and not when they reached an “optimal” zone. Pairing the haptic feedback with the color display is most 

likely to add the proper redundancy needed to illicit more optimal following distances and to warn 

drivers when they are approaching the lead plow too closely. 

 

Implementing a haptic, vibratory system into the truck’s driver’s seat, however, is a more expensive 

option than the auditory feedback option. Drivers were doubtful of their ability to clearly discern a beep 

from the HMI among the many other beeps and sounds already present in the cab. There is potential, 

however, that there may also be some confusion between the haptic feedback and with other types of 

vibrations the operators may experience in the plow (e.g., rumble strips, etc.). While the Color+Haptic 

system is the recommended system based on the results of this investigation, there is an opportunity to 

create a Color+Auditory system which would likely generate high user satisfaction as long as the tone 

was carefully selected to be unique and easily distinguishable from other competing sounds. While only 

two of the operators selected the Color+Auditory system as their favorite option, it was the only system 

that was not selected by any operators as their least favorite system. This may suggest that operators 

could bolster their preference for this system with some minor changes to the auditory signal. 

2.3 INTERVIEW OF TRUCK OPERATORS REGARDING BACKUP ASSIST INTERFACE DISPLAY 

HumanFIRST researchers visited five of Minnesota Department of Transportation truck stations. All truck 

stations were located in the Metropolitan area around Minneapolis, MN. The truck stations included 

Chaska, Lakeville, Maryland Avenue, Maple Grove, and Shakopee. Nine operators provided input during 

the interview sessions across the five truck stations.  The goal of each visit was to observe a 

demonstration of current technology used for rear detection (e.g., back up cameras) and interview 

maintenance operators to evaluate the placement, efficacy, and usability of the technology.   

 

During interviews and evaluation of current technology, researchers presented operators with several 

potential designs of a backup assist interface display. Feedback from operators was used to make final 

modifications to the designs. Designs were evaluated by five operators located across three truck 
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stations (i.e., Shakopee, Chaska, Maple Grove) to identify which designs were preferred by the user. This 

report describes the process and results of interviews in order to determine the final interface design 

recommendations for a backup assist interface display.  

2.3.1 Participants 

 
Participants included nine maintenance operators during the initial backup assist interface display 

demonstration visits, and 5 maintenance operators during the subsequent design feedback interviews. 

All participants were currently employed at MnDOT truck stations in the Metropolitan area of 

Minneapolis, MN. Operators were from five difference truck stations, including Chaska, Lakeville, 

Maryland Avenue, Maple Grove, and Shakopee. We did not collect any other demographic information 

because this study was intended to assess the system and not the users.  

2.3.1.1 Procedure 

Maintenance operators were contacted to identify which truck stations had used a snow plow truck 

with rear vision technology. Truck stations that had used rear vision technology were contacted to 

schedule a visit to observe a demonstration of the technology and interview any available operators that 

had experience using the rear vision system. During rear vision system demonstrations, HumanFIRST 

researchers assessed the placement of the cameras and rear vision interface, efficacy of the system, and 

usability for operators by observing the system in use and asking semi-structured interview questions to 

the operators. Each visit lasted approximately 60 minutes. See Appendix C for a list of questions that 

were used to guide the discussion. Placement of the current rear vision systems were inconsistent 

between the truck stations that were visited. For example, trucks with backup cameras featured 

different mounting positions including: on the rear driver’s side, rear passenger’s side, strobe-mounted 

on the passenger’s side, and rear-under the truck tailgate (see Figures 2.14 and 2.15).  

 

 

Figure 2.14. Rear left, rear right, and strobe mounted cameras. 
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Figure 2.15. Rear-under bed mounted cameras. 

The interface used for the rear view camera was a camera feed display integrated into the MDSS with no 

interactive functions. If the truck had two cameras, the operators were provided with a full screen image 

of one camera, and given the capability of switching inputs to the alternative camera feed. See Figure 

2.16 below for a picture of the strobe-mounted and rear passenger’s side backup camera display. 

 

 

Figure 2.16. Strobe mounted (left) and rear passenger’s (right) camera video interface. 

Next, a set of backup assist interface display mockups were design based on the feedback gathered 

during MnDOT truck station visits. Figure 2.17 displays the backup assist interface display mockups.  
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     APPENDIX A: SYSTEM USABILITY SURVEY (SUS) 



 

 

 

System Usability Survey SUS 
For each of the following questions, place an “X” through the one number to indicate your response.   

“1” for strongly disagree, “3” for neutral- neither agree nor disagree, “5” for strongly agree. 
 

1. I think that I would like to use this system frequently.     
 

Strongly Disagree  Neutral  Strongly Agree 

     
 

2. I found the system unnecessarily complex.  
  

     
 

3. I thought the system was easy to use. 
 

     
 

4. I think that I would need the support of a technical person to be able to use this system. 
 

     
 

5. I found the various functions in this system were well integrated. 
 

     
 

6. I thought there was too much inconsistency in this system. 
 

     
 

7. I would imagine that most people would learn to use this system very quickly. 
 

     
 

8. I found the system very cumbersome to use. 
 

     
 

9. I felt very confident using the system. 
 

     
 

10. I needed to learn a lot of things before I could get going with this system. 
 

     

 

A-1 
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APPENDIX C: TWO SETS OF INTERVIEWS OF MAINTENANCE 

OPERATORS REGARDING BACKUP ASSISTANCE 













 

 

        

 
 

APPENDIX D: SOFTWARE USED FOR TESTING THE SAVARI 

DEVICES 








