


Figure 7.1: Driving simulator used in the run-off-road study

Matlab/Simulink, were based on a hydraulic power steering model developed in [127].
The entire simulation was also validated within the specific context of ROR testing
and training in [125]. Freeman et al. [125] described statistically significant effects
for crucial ROR factors such as speed, road curvature, and surface friction differences

and the study results followed many trends observed in ROR crash data.

7.2.4 Simulated Run-Off-Road Environment

The simulated driving environments employed in this study were designed
to replicate nominal driving conditions experienced on three major types of roads;
highways, horizontal curves, and rural roads. For each environment, the surface
friction coefficient for the road was set at p, = 0.7, corresponding to typical dry
pavement, and a shoulder surface friction coefficient of pu; = 0.4, typical of dry grass.
A nominal lip height of 2.5 cm was also added to each road however it has not been

shown to have a significant effect in the recovery process during simulation training
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so it was not investigated as an independent factor in this study [125]. The lip-height
primarily served to help drivers sense when the vehicle’s tires were off the road. The
layout of the virtual driving environment (e.g., trees and buildings) was designed and
repeated in such a way as to deter the driver from recognizing their position along
the roadway. This helped to maintain an element of surprise during the ROR event
since the experiment design required each roadway to be driven twice by the same
participant.

The highway scenario (R1) featured a four-lane road design with two lanes
traveling in each direction as shown in Figure 7.2a. This environment was designed
to investigate ROR recovery in a highway context at high speeds where many ROR
crashes occur [10]. Therefore, the roadway featured a few high radius curves and long
straight sections typical of highway driving with a speed limit of 105 km/h (65 mph)
in the U.S. The width of each lane was set at six meters for a total of 12 meters of road
width in each direction. Buildings and trees were offset from the road between 20 to
50 meters in order to provide adequate shoulder clearance but also to help provide
a sense of speed for the driver. The ROR event was triggered during a long straight
section of the highway.

The second driving environment investigated in this study was a horizontal
curve (R2) driven at medium to high speeds. ROR crashes are common on horizontal
curves as drivers often carry excessive speed into the curve and the curvature adds
complexity to the recovery process [10, 11]. The horizontal curve environment fea-
tured a standard two lane rural road with each direction separated by a double yellow
line. The lane width was four meters in each direction, as is typical for rural roads
[21]. The road began as a winding rural road lined with houses and trees. The ROR
event occurred in a curved road segment with a speed limit of 90 km/h (55 mph).

The last rural roadway environment (R3) was used to evaluate ROR recovery
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on a straight road at lower speeds. This two-way rural road had a double yellow line
separating the directions of traffic. Each lane was approximately five meters wide,
had a speed limit of 65 km/h (40 mph), and the buildings and trees were located closer
to the roadway (approximately 10-30 meters) as they would be in a more residential
area. The ROR event occurred upon the exit of one of the curves into a straight

section road.

7.2.5 Procedure

Upon arriving at the study, each participant was informed that they would
be participating in a study investigating situations in which vehicles run off the
road. The participants then completed the informed consent process (Clemson IRB#
IRB2009-184). No other specific information about the trial procedures or analysis
was provided prior to administration of the test. Each participant filled out a short
demographics questionnaire and then the participants sat in the simulator, adjusted
their seat, and fastened their seatbelt. The participants drove a short (10-15 minute)
introductory scenario to acclimate to the driving simulator and practice controlling
the virtual vehicle. The introductory scenario included roadway types similar to those
that the participants would experience in the experimental drives.

During the experimental drives, the participants were asked to maintain the
speed limit and to bring their car back onto the road as safely as possible if their
vehicle left the roadway. The participants then drove each of the highway, curve, and
rural road test environments in a randomized order where they were forced off the
road and attempted to recover the vehicle. Following each trial run the subject filled
out a questionnaire to rate their performance and the difficulty of the recovery in

terms of mental, physical, and temporal demands based on the NASA TLX [136].
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Figure 7.2: (a) Highway, (b) horizontal curve, and (c) rural road generated by CarSim
for simulated run-off-road testing

After driving each of the three test environments, the participants were shown
either the training video or a control video about flying a commercial aircraft in
turbulence. The placebo video was carefully chosen for time and content to ensure
minimal possibility of ROR recovery skill acquisition for the control group. After

watching the video the participants drove the exact same three test environments in

170



randomized order and answered the same questionnaire after each one. The partic-
ipants were not told that the tests were the same but were simply told to maintain
the speed limit and recover from any ROR event as safely as possible. After all the
trial runs were finished, the participants completed an additional questionnaire that
assessed their knowledge and understanding of recovering from ROR events. Follow-
ing the completion of the study, the control group was shown the ROR training video
to ensure that no one left the study without experiencing the training video. Lastly,
a short discussion was held with each participant to verify that they understood the
primary concepts from the training and was equipped to handle an ROR situation if

it should ever occur.

7.2.6 Measurements

This study relied on both subjective and objective evaluation measures to
investigate the effects of ROR training in a simulated environment. A number of
vehicle and driver input parameters were recorded for objective evaluation in the
study, and were condensed into three metrics for analysis. First, the lateral error
from the lane center was examined through the maximum right lateral error, e, 4z,
and the maximum left lateral error, €;,,4,. These two parameters were combined in
to a single lateral error parameter according to, |€maz| + |€1maz|, to evaluate the
lateral range encountered during the recovery. From this definition, lower values
indicate a safer and more controlled recovery. Another parameter recorded during
the experiment was the steering wheel angle commanded by the driver throughout
the test. Initial overcorrection of the steering wheel and exaggerated steering inputs
throughout the recovery process are common responses during an ROR event and are

often large contributors to ROR crashes [7]. Thus, the second evaluation parameter
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was defined as the integral of the steering wheel angle over the first four seconds of
the recovery. This value gave insight into the driver’s steering reaction to the ROR
scenario with smaller values indicating a more controlled and safe recovery.

The next evaluation parameter used in this study was chosen to help quantify
the stability of the vehicle during the recovery process. During testing, both the yaw
rate and sideslip of the vehicle were recorded throughout each trial. During ROR
recovery it is desired that both of these parameters be minimized since large values
are descriptive of spinning out of control or dangerous lateral sliding. However, safe
value ranges for yaw rate and sideslip are both dependent on the amount of traction
available and thus the friction characteristics of the tire-road interface. Safe thresholds

for sideslip, A7, and yaw rate, 17, are defined in [104] as,

Br = tan"(0.02ug), (7.1)
dr =", (72)

where ¢ is the acceleration due to gravity, u is the friction coefficient of the road
or shoulder surface, and 7 is the longitudinal velocity of the vehicle. To investigate
the stability of each recovery, the maximum sideslip angle and maximum yaw rate

measured from each trial was compared to the threshold values to obtain the ratios,

Ry — ma;;lﬁl)y 73)
maz(|¢))

R, = . : 74

3 i (7.4)

The sideslip ratio, Rs, and the yaw rate ratio, R, were then averaged together to
create the stability evaluation metric. Lower values indicated a more stable recovery

with values close to or below one being more desirable and within the stable threshold.
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The subjective evaluation in this study consisted of the questionnaire responses
obtained after each trial run. It was observed, during testing, that a number of sub-
jects had difficulty answering questions regarding temporal demand and frustration
level due to misinterpretation of the question or scale associated with those ques-
tions, along with difficulty quantifying their experience. As a result, only questions
regarding mental demand, physical demand, and performance were included in the
statistical analysis. Questionnaire responses for mental and physical demand both
dealt with subjective assessment of the ROR event’s requirement on the driver, so
their values were averaged together to create a single demand metric. The perfor-
mance questionnaire response referenced the subject’s self-evaluation of their recovery

performance and was taken by itself as a second subjective evaluation parameter.

7.2.7 Statistical Analysis

It was hypothesized that the training video would have a positive overall effect
on the treatment group’s ability to safely recover from the ROR scenarios. Although
the practice effect was somewhat addressed with the practice time in the simulator
before testing, it was expected that all the participants would adapt and improve their
response as they completed the experimental drives. Despite this practice effect it
was expected that the treatment group’s performance would be better in the post-test
especially due to the specific instructions on how to handle the vehicle. The lateral
error, steering, and stability parameters were a means of objectively evaluating how
safe the recovery was and the subjective parameters helped to investigate the driver’s
perception of the events and their performance. Lastly, it was anticipated that the
highway and horizontal curve scenarios would be more difficult to recover from than

the rural road, due to the higher speed limits. The horizontal curve was expected to
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be the most difficult scenario due to the combined high speed and curvature of the
road.

A mixed model analysis of variance (ANOVA) was used to analyze the three
objective and two subjective evaluation parameters. Since each subject drove all three
scenarios (highway, horizontal curve, and rural road) prior to any treatment, and then
again after viewing the treatment video or placebo, a within subjects effect term was
included in the model and will be referred to as the Pre/Post effect. The effect of
the instructional video on the treatment group with respect to the placebo video
was also of interest, thus a between subjects treatment effect was also defined in the
statistical model. A statistically significant result (p-value < 0.05) for the treatment
effect, although it examines a difference in means between the control group and the
treatment group, is not of particular interest in this study since it combines the mean
responses from the pretests and post-tests together. Additionally, the Pre/Post effect
lumps the control group and the treatment group together to look at the difference in
means between the pretests and post-tests. It is the interaction between the Pre/Post
effect and the treatment effect that will indicate the effect of the training video on

the particular evaluation parameter.

7.3 Results

The descriptive statistics for the performance variables in each condition are
shown in Table 7.1. Overall, the means show a trend towards safer and more effi-
cient recoveries for the treatment group from pretest to post-test. The mixed model
ANOVA results are shown in Table 7.2. A more detailed look at the interaction
effects is also provided through the interaction plots in Figure 7.3. There is a signif-

icant interaction for the training across all evaluation parameters except the lateral
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Table 7.1: Means and standard deviations for each response variable according to
treatment group, pre/post test, and roadway (R1-R3)

R1 - Highway R2 - Horizontal Curve R3 - Rural Road

Group Test Mean Std. Dev. Mean Std. Dev. Mean  Std. Dev.
Lateral Error [m]

Pre 45.0 49.2 23.7 21.5 3.41 1.23
Control

Post 31.5 34.5 18.2 17.2 2.71 0.88

Pre 44.3 46.4 24.8 19.4 3.61 1.81
Treatment

Post  20.0 40.0 16.2 16.6 3.06 0.80
Steering [deg-s]

Pre 351 265 497 292 109 25.3
Control

Post 354 326 443 279 102 22.5

Pre 364 231 576 315 142 115
Treatment

Post 158 215 366 224 91.6 29.9
Stability

Pre 7.09 6.15 8.84 8.23 0.29 0.14
Control

Post  7.09 7.62 5.90 6.65 0.28 0.08

Pre 9.18 6.90 9.32 8.75 0.83 2.46
Treatment

Post  2.77 5.76 5.06 7.26 0.23 0.10
Demand

Pre 4.10 1.30 4.16 1.37 2.96 1.39
Control

Post  4.18 1.55 4.16 1.48 2.30 1.16

Pre 4.52 1.48 4.28 1.23 2.81 1.23
Treatment

Post  3.69 1.36 3.98 1.36 2.90 1.05
Self-Evaluated Performance

Pre 3.28 1.88 3.24 1.74 5.44 1.04
Control

Post  3.76 2.07 3.80 1.80 6.04 1.02

Pre 2.92 2.17 2.74 1.69 5.34 1.33
Treatment

Post  4.98 1.76 3.82 1.86 5.76 1.22

error for roadway R1 (the highway scenario). In fact, the lateral error did not show a
significant interaction effect for any of the roadways. The significant results observed
for the other response variables in the highway scenario are important since this par-
ticular driving environment includes high speeds and traffic that may be associated
with increased crash risk during an ROR scenario [10]. The treatment group used
less steering in the post-test indicating that they did not overcorrect, thus minimizing

the possibility of sling-shoting across the road or losing control of the vehicle which
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Table 7.2: Mixed model ANOVA results (p-values) for highway (R1), horizontal curve
(R2), and rural road (R3)

Source R1 R2 R3
Lateral Error

Treatment 0.447 0.896 0.277
Pre/Post 0.008 0.021 0.002
Treatment*Pre/Post  0.436  0.612  0.705
Steering

Treatment 0.071  0.986 0.424
Pre/Post 0.006 <.001 0.004
Treatment*Pre/Post  0.005  0.020 0.027
Stability

Treatment 0.323 0.910 0.333
Pre/Post 0.007  0.001 0.207
Treatment*Pre/Post  0.007  0.548 0.226
Demand

Treatment 0.908 0.914 0.375
Pre/Post 0.039  0.407 0.056

Treatment*Pre/Post  0.013  0.407  0.013
Self-Evaluated Performance

Treatment 0.244 0476 0.438
Pre/Post <.001 0.004 0.003
Treatment*Pre/Post  0.015  0.351  0.589

could lead to a collision with other traffic on the highway.

Scenarios R2 and R3 (the horizontal curve and rural road), only revealed
significant results for the steering wheel angle and demand survey (R3 only). The
significant result for the steering wheel angle is especially important given the common
occurrence and severe effect of overcorrection in ROR [7]. Despite a lack of significant
interaction effects, other interesting trends can be seen in the response data and are
discussed in the next section for each evaluation parameter.

Table 7.3 provides a summary of the recovery outcomes classified into three
groups. Each ROR recovery response was either classified as small lateral error,

excessive lateral error, or spin out. The small lateral error category represented the
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Figure 7.3: Interaction plots for (a) steering parameter, (b) stability parameter, (c)
demand parameter, and (d) self-evaluated performance parameter

safest recoveries where the driver maintained lateral control of the vehicle and did
not overshoot into oncoming traffic. The excessive lateral error category included
recoveries where the vehicle traveled more than five meters off the right side of the
road, encroached on oncoming traffic, or traveled off the left side of the road. While all
the drivers in the excessive lateral error category eventually recovered safely back into
their lane, these results were separated for the unpredictable dangers that oncoming
traffic or roadside obstacles could present in these scenarios. Lastly, if the vehicle
spun out of control at any point during the recovery it was classified in the spin out
category.

Table 7.3 shows that for the highway scenario (R1), a much larger percentage
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Table 7.3: Participant recoveries classified according to small lateral error, excessive
lateral error, and spin out; values are expressed as percentages amongst the group
total

Small Excessive  Spin
Group Test lat. error lat. error  out
Highway, R1
Control Pre 8 36 56
Post 36 16 48
Treatment Pre 14 16 70
Post 62 22 16
Horizontal Curve, R2
Control Pre 8 40 52
Post 12 40 48
Pre 6 36 58
Treatment
Post 18 52 30
Rural Road, R3
Control Pre 76 24 0
Post 92 8 0
Treatment Pre 80 16 4
Post 94 6 0

of safe recoveries were found for the treatment group (62%) versus the control group
(36%) in the post-test. The horizontal curve scenario did not show much difference
between the two groups in terms of small lateral error recoveries, and the percent-
ages were much lower compared to the highway scenario. However, the reduction
of spin outs from 58 percent down to 30 percent for the treatment group indicates
good potential for the training system. Lastly, the reduced difficulty of the rural
road scenario is again demonstrated with high percentages of safe recoveries for both
groups. Overall, the percentage of spin outs for all the participants amongst all three
road scenarios was reduced from 41.3 percent to 21.3 percent pretest to post-test.
Additionally, the percentage of safe recoveries (small lateral error) for all the partic-
ipants amongst all three road scenarios increased from 32.4 percent pretest to 53.7

percent post-test. The overall recovery results mimic the trends observed for the other
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evaluation parameters used in the analysis and are discussed in the next section.

7.4 Discussion

The subjective and objective performance metrics were chosen to provide a
complete yet concise description of the driver behavior and vehicle performance during
each ROR recovery. Lateral error is an important and complex factor during ROR
recovery since the driver needs to respond aggressively enough to keep the car from
traveling too far off the road but without overcorrecting and causing the vehicle to
overshoot the lane into oncoming traffic or off the opposite side of the road. In general,
it is desired that lateral error be minimized to avoid a collision with other obstacles
along the road. Table 7.2 does show a significant Pre/Post effect for all three roads
indicating that there was a change amongst all the participants between the pretests
and post-tests. Unfortunately, a significant interaction effect was not observed for
the lateral error parameter on any of the three driving scenarios, so there was no
effect that could be attributed to the training video. Table 7.1 shows a decreasing
trend in lateral error means from pretest to post-test for all three roads. In general,
all the subjects were able to reduce their lateral error for the post-test, however, the
improvement observed amongst the control group may be attributed to the practice
or learning effect. The lack of a significant difference between the two groups does
not necessarily indicate that the control group’s response was equally as safe as the
treatment group. The control subjects improved their lateral error in the post-tests
but the steering and stability results indicate that the treatment group accomplished
this task with less aggressive steering and a higher level of stability at least in the R1
(highway) scenario.

One of the most important results of this study is the significant interaction
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effect found for the steering parameter across all three driving scenarios. This effect
is important because overcorrection of the steering wheel has been shown to be one
of the primary critical factors in ROR crashes and is a commonly cited occurrence
in crash reports [7, 10]. The training video emphasizes the dangers of overcorrection
and equips drivers with much safer steering techniques for returning to the road. The
training video proves to be a success in this area with the trained drivers using over 30
percent less steering than the control group in the post-tests. Minimizing the amount
of steering used during recovery reduces the risk of overcorrection, loss of control, or
rollover. Most importantly this result proves that even a simple training video can
positively influence driver behavior in a simulated ROR event.

Despite the effects for the steering parameter, the same statistical significance
was not observed in all three roadway scenarios for the stability parameter results.
The highway scenario (R1) did receive a significant interaction effect which is a pos-
itive result since the high speeds associated with highway environments is known to
be a critical factor in ROR crashes [10, 137]. The nature of the stability calculation
is such that values less than or equal to one are desired, and as can be seen in Table
7.1, the treatment group on average reduced that value down 70 percent to 2.76. Al-
though this is still not below one, it represents much more stable and safer conditions
and would be expected to improve with training and practice in addition to the video.

The interaction effect was found to be non-significant for the horizontal curve
roadway (R2), however, there was a significant Pre/Post effect. Table 7.1 shows
a large decrease in mean value for the stability parameter for both groups. The
improvement of the treatment group, while larger than the control group, was not
distinguished enough to draw a significant effect from the training video. Overall,
fewer successful recoveries and low self-evaluated performance values indicated that

the horizontal curve was the most challenging scenario. This is also supported by crash
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statistics that show an increased number of ROR crashes on curved roadway sections
[10]. The added complexity of the road curvature creates an ROR scenario that is
highly sensitive to steering corrections and is very conducive to instability which may
have influenced the lack of statistical difference between the two groups. The benefit
of practice is evident by the significant Pre/Post effect and the improved stability
values amongst both groups. Given the difficulty of the scenario, it is anticipated
that additional practice time may have led to a more significant difference in the
treatment group’s response. Overall, both groups ended up performing the recovery
in a more stable and safe manner which is a positive result. Ideally, both the training
video and practice would be included in an actual driver training course, thus an
overall benefit is certainly expected.

Lastly, while the horizontal curve (R2) proved to be the more difficult scenario,
the rural road (R3) seemed to be the easiest to recover from. Only two spinouts were
observed in the treatment group during the pre-tests and most subjects recovered
with very small lateral error. The lack of difficulty in this scenario may have led
to homogeneity in the stability results between the treatment groups, causing any
effect of the training video to be undetected. The relatively high mean and standard
deviation observed in the pre-test stability results for the treatment group (see Table
7.1) are a result of the two subjects who overcorrected and loss control of the vehicle.
These two particular responses lead to stability values drastically different than the
rest of the group, yet were representative of valid recovery responses and were thus
not considered outlying data points. Finally, it should be noted that all the means are
below one indicating that most of the drivers were able to recover without pushing the
limits of stability reinforcing the suggestion that the rural road was less challenging.

The results of the analysis of the subjective data follow similar trends found in

the objective parameters and support many of the conclusions and observations men-

181



tioned thus far. For the highway road (R1) a significant interaction effect was found
for both the demand survey and the performance survey parameters. The training
group felt that the recovery process was less demanding and that they performed bet-
ter following the training, whereas the control group mean values remained relatively
constant from pretest to post-test. The improvement of the treatment group over the
control group as indicated subjectively is consistent with the objective improvements
shown earlier for the highway. No significant interaction effects were found for the
subjective parameters in the horizontal curve scenario (R2) and no Pre/Post effect
was found for the demand survey parameter. This indicates that both groups did not
perceive much of a decrease in the mental and/or physical demand required during
the horizontal curve recovery and may suggest increased difficulty of this scenario.
The mean responses for the performance survey question also indicate an increased
difficulty level for the horizontal curve. The Pre/Post effect was significant, indicat-
ing participants felt that they did better on the post-test, however, Table 7.1 shows
that the post-test self-evaluated performance response mean for the treatment group
was very close in value to the control group. The lack of a greater value for the
treatment group may support the idea that a number of the treatment group par-
ticipants did not perform well the second time on the horizontal curve, thus leading
to a lack of significant results across the parameters. On the rural road (R3), a
significant interaction effect was found for the demand survey parameter, however,
the response means show that while the control group felt demand decreased, the
treatment group indicated demand increased from pretest to post-test. This may
be the result of the treatment group’s increased awareness of the recovery tasks and
associated difficulties after receiving specific instructions from the video. Although
lacking a significant interaction result, the performance survey results do indicate an

increasing trend amongst all the participants leading to a significant Pre/Post effect

182



but not enough in the training group to attribute the effect to the video. Again, the
rural road was much less challenging than the other two scenarios leading to most
participants performing similarly.

The unexpected and emergency nature of ROR implies that this study suffers
from a few limitations. First, despite attempts to maintain the element of surprise
during the simulated ROR events, the drivers were aware to some capacity that a
roadway departure was impending, especially after the first trial. Additionally, the
driving simulator environment does not afford the same life threatening sensations
that may be experienced during a real ROR event. The combination of surprise and
panic may elicit a different response to ROR than observed in the simulator, however,
this does not necessarily imply that that training will have no effect on drivers in a real
ROR scenario. In this study, drivers were also evaluated immediately after viewing
the training video so the concepts were fresh in their minds. A longitudinal study
could be used to not only evaluate long term effects of the training video on recovery
performance in the simulator but also track any ROR events which may occur within
the subject group and whether those drivers were able to recall and/or implement the
training during other ROR events. Lastly, the study results only reflect the effects
associated with the training video by itself. The improvements shown by the control
group may be attributed to the practice or learning effects in the simulator, a portion
of which is due to practice and gaining experience on how a vehicle handles in an
ROR scenario. This observed practice effect suggests that the combination of an
ROR training video along with personal instruction and practice could lead to even
more successful results than just with the video. The most powerful aspect of this
ROR countermeasure, however, is that it directly impacts the driver’s behavior and

can be implemented in any vehicle without the need for complex or costly technology.
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7.5 Conclusion

The results of this study suggest beneficial effects of a video-based ROR train-
ing program with practice and evaluation in a driving simulator. The positive influ-
ence of the training video on driver behavior in highway ROR scenarios is valuable
given high speeds and the potential for more severe crashes. The significant effect on
reducing steering inputs during recovery is also important, as overcorrection is known
to be a leading factor in ROR crashes. Additional efforts can be made to specifi-
cally address, in training, the increased difficulty associated with ROR recovery in
horizontal curves. This could additionally improve the positive trends shown in the
data along with practice and personal instruction. The results of this study illustrate
the powerful influence that driver education and training can have on helping drivers
gain skill and improve their reactions and performance during critical incidents. A
longitudinal study is needed to evaluate and understand the long term effects of such
training, however, both crash statistics and the results of this study suggest the po-
tential benefit of ROR training within early driver safety development training. This
study reveals a powerful ROR countermeasure which may have the potential to re-
duce the number of ROR crashes and thus reduce the number of injuries and fatalities

associated with the crash type.
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Chapter 8

Conclusion

Driving is a high risk task which many people today take for granted. If motor
vehicle fatalities and injuries are to be reduced, awareness of driving risks must rise
and safe driving practices must become second nature. Only then will drivers under-
stand the dangers of distracted driving and be pressured by others to put down their
devices. Only then will the life saving implications of wearing a seat-belt be recog-
nized to the extent that it naturally becomes the first task undertaken before shifting
into drive. A society with a strong awareness of traffic safety will also not hesitate to
discuss hazardous driving situations with family, friends, and/or co-workers to ensure
they are able to properly recognize and react to such events. However, the develop-
ment of a social norm which encourages drivers to be safer does not negate the need
for engineering solutions. In fact, the fullest potential of engineering systems is only
reached when the users or operators are properly educated and aware of the technol-
ogy’s design and purpose. This dissertation utilized both engineering and educational
methods to develop solutions for the devastating fatalities and injuries which occur as
the result of vehicle run-off-road (ROR) events. Ideally, these solutions will educate

drivers about the dangers of ROR and simultaneously provide the infrastructure to
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help increase the number of safe recoveries when a roadway departure occurs.

In Chapter 3 several control engineering techniques were investigated for the
development of an autonomous ROR vehicle recovery system. The linear quadratic
and sliding algorithms were shown to outperform the typical driver response as well
as a PID controller and a state flow controller. In Chapter 4, the linear quadratic and
sliding algorithm were investigated further under conditions including more complex
modeling, state estimation techniques, and sensor measurement noise. The sliding
controller exhibited varying responses depending on the simulation conditions and
induced a few unstable recoveries. The linear quadratic controller, however, proved
to be stable and robust amidst a variety of run-off-road simulation conditions. Fur-
ther work still remains to implement the linear quadratic algorithm in a prototype
system on a test vehicle and verify the successful results observed in simulation. The
development and testing still required to realize a commercially implementable au-
tonomous ROR recovery control system remains extensive, however, intelligent vehicle
systems are becoming increasingly common in new vehicle designs. An ROR safety
system could be critical in helping to reduce fatalities and injuries caused by vehicles
traveling off the roadway.

An autonomous ROR vehicle recovery system is a valuable engineering coun-
termeasure to the problem of roadway departure crashes; however, the development
time line for such technology limits the immediate benefits. Additionally, if traffic
safety is to become a conscious social norm, then such vehicle systems must not be
depended on but only considered as a final safety net when all else fails. Education
must be used in conjunction with vehicle safety systems to spread awareness and
equip drivers to handle hazardous scenarios such as ROR. Driver education is more
easily implemented from a time and resource perspective compared to vehicle safety

systems. However, for education methods to be effective they must be studied and
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evaluated to ensure positive results. In Chapter 5 a pilot study was conducted to
examine the potential of a video based ROR training program in a driving simulator.
The study indicated that drivers were able to improve their recovery performance
scores by over 78 percent after watching a video on ROR and taking some time to
practice their recovery skills in the simulator. The positive results observed in the pi-
lot study provided a strong indication of the potential impact that a simulator based
ROR training program could have on traffic safety.

The development of a driver education/training program should include thor-
ough evaluation to ensure that the principles and skills received by the drivers are
translated to safer driving and induce an overall positive effect. In the case of simu-
lator training, the simulated environment must include enough realism to make the
training relevant and the experience extendable to real life. In Chapter 6 a fixed-base
simulator environment was evaluated for its ability to recreate ROR scenarios for
training purposes. The participants of the study encountered a variety of different
ROR conditions as they drove in the simulator and their recovery performance was
documented. The results showed that factors including higher speeds, curved road-
way sections, and friction difference between the road and shoulder, all negatively
impacted recovery performance as observed in ROR crash data. Additionally, the
participants overreacted with their steering and/or braking inputs in over 54 percent
of the trial runs. This is a significant result since overcorrection is a major con-
cern and leading factor in ROR crashes. Therefore the validation study successfully
demonstrated the capabilities of the simulator for ROR training purposes.

Validation of the fixed-base simulator system for ROR training allowed for
the development and evaluation of an ROR training video. In Chapter 7 the effect
of an ROR training video on drivers’ recovery performance was evaluated through

a pre-post experiment. The training video had a significant positive effect on the
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treatment group’s steering response amongst all the roadway conditions examined
when compared to the control group who did not watch the training video. The
training video also influenced the treatment group’s stability and subjectively rated
demand and performance in the highway scenario. Overall, the treatment group
recovered more often (58 percent of the time) than the control group (45 percent of the
time). Some observations from the study also suggest that performance could increase
even more with additional practice time in the simulator. Further investigation,
through the use of a longitudinal study, is needed to evaluate the long term effects
of the training. However, some of the immediate benefits are clear from the study
results along with the fact that the training video helped provide information about
ROR that many drivers may not have realized and allowed them to practice their
recovery skills in a safe environment.

Altogether this dissertation includes several contributions to the traffic safety
community from both an engineering perspective and an educational perspective.
First, a robust autonomous vehicle recovery control algorithm was designed for ROR
and demonstrated numerically. Second, validation of a fixed-base simulator as an
effective tool for ROR testing analysis and driver training activities was conducted.
Thirdly, an ROR video training program was developed and evaluated in a simulator
with empirical results supporting performance improvements for drivers. Finally, this
dissertation and the research it represents have helped to create a public awareness
towards the seriousness of ROR crashes. Numerous study participants have been
educated about ROR and trained during the research process. The results have
been published in a variety of venues and many presentations have been given to
help spread this information. Additionally, partnerships with organizations such as
the Clemson University Institute for Global Road Safety and Security have formed

to progress these research efforts and save lives. More work is needed to integrate
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ROR training into current driver education programs and to develop an ROR vehicle
recovery system that is approved for commercial implementation. However, many
great efforts are already underway and as ROR crash awareness continues to spread,

the unfortunate effects of this driving hazard will continue to subside.
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Appendix A Run-Off-Road Training Pilot Study:

Questionnaires

Pre-Test Questionnaire:

1. Please indicate your gender:

a) Male  b) Female

2. Please indicate your age group:

a) 18-28 years old  b) 29-40 years old  c¢) 41-65 years old

3. Please indicate the number of years of your driving experience:

a) 0-2 years  b) 3-5 years  c¢) 6-10 years  d) 11-20 years  e) 20+ years

4. Please indicate how you would rate yourself as a driver:

a) Excellent  b) Good c¢) Average d) Fair  e) Poor

5. Have you experienced a vehicle run-off-the road event before?

a) Yes b) No

6. Which condition would be more dangerous if your vehicle experienced a run-off-the-
road event?

a) 2 Wheels off the road condition  b) 4 Wheels-off-the-road condition

7. At the instant when the vehicle runs off the road, you should control the vehicle by:
a) Steering straight and applying brakes
b) Steering straight and slowing down by coasting
¢) Maintaining velocity while steering back onto road

d) Application of throttle to speed up
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10.

11.

12.

13.

. The primary factor contributing to a run-off-the-road event is:

a) Driver error and inattention
b) Presence of obstacles on the road
¢) Vehicle malfunction

d) Poor weather

. If your vehicle runs off the road, in order to recover the vehicle back on to paved

surface, you would need to:

a) Rapidly turn the steering wheel to correct the direction of the vehicle
b) Turn the steering wheel steadily in small amounts

c¢) Turn the steering wheel in the left direction till the vehicle recovers

d) Continue driving without changing the angle of the steering wheel

Do you think the driver is likely to lose control of the vehicle when trying to recover
from a run-off-the-road event?

a) Yes b) No

What factors should be considered prior to a recovery event (mark all that apply)?
a) Adherence to traffic speed limits

b) Presence of barriers or oncoming vehicles

c¢) Vehicle height

d) Proper hand placement on the steering wheel

Have you ever attended a training program or a course to handle a vehicle run-off-
the-road event?

a) Yes b) No

Do you think that training for vehicle run-off-the-road events should be required in

order to get a driver’s license?

a) Yes  b) No

192



14. What percent of single vehicle accidents can be attributed to run-off-the-road events?

a) 10%  b)20% ) 40%  d) 60%

15. How important is speed in safely recovering from a run-off-the-road event?

a) Unimportant ~ b) Moderately important  ¢) Crucial

16. How can roadways be designed to prevent run-off-the-road events? (Mark all that
apply)
a) Rumble strips
b) Improved curved road warning signs
¢) Road shoulder widening

d) Skid-resistant pavement
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Post-Test Questionnaire:

1. Which condition would be more dangerous if your vehicle experienced a run-off-the-
road event?

a) 2 Wheels off the road condition b) 4 Wheels-off-the-road condition

2. At the instant when the vehicle runs off the road, you should control the vehicle by:
a) Steering straight and applying brakes
b) Steering straight and slowing down by coasting
¢) Maintaining velocity while steering back onto road

d) Application of throttle to speed up

3. If your vehicle runs off the road, in order to recover the vehicle back on to paved
surface, you would need to:
a) Rapidly turn the steering wheel to correct the direction of the vehicle
b) Turn the steering wheel steadily in small amounts
c¢) Turn the steering wheel in the left direction till the vehicle recovers

d) Continue driving without changing the angle of the steering wheel

4. Do you think the driver is likely to lose control of the vehicle when trying to recover
from a run-off-the-road event?

a) Yes b) No

5. What factors should be considered prior to recovering vehicle onto the roadway (mark
all that apply)?
a) Adherence to traffic speed limits
b) Presence of barriers or oncoming vehicles
c¢) Vehicle height

d) Proper hand placement on the steering wheel
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10.

. According to you, what would be the best strategy to overcome a run-of-the road

scenario?
a) Slowing down the vehicle and steering cautiously
b) Be aware of the scenario to avoid an occurrence

¢) Severe use of steering

d) Call 911

Please choose among the given criteria, which of each would contribute higher to a
run-off-the road crash scenario:

i) Driving Time: =~ Daytime  Night time

ii) Vehicle Occupancy:  Driver only ~ Driver with a group

iii) Vehicle Type: = Passenger vehicle  Sports utility

iv) Roadway: ~ Two lanes  Three or more lanes

v) Speed:  High  Low

vi) Drinking: ~ Alcohol  Soda

vii) Distractions: Cellphone, text etc. None

. Was the training exercise clear and concise?

a) Yes b) No

. Do you think that training for vehicle run-off-the-road events should be required in

order to get a driver’s license?

a) Yes b) No

Was your experience with the automotive simulator satisfactory?
a) Yes b) No

If No, please mention why
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Appendix B Run-Off-Road Training Pilot Study:

Questionnaire Responses
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L6T

Table B.1:

Responses to pre-test questionnaire shown in Appendix A

. Question
Subject

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 M 18-28 0-2 Average Y 2 ¢ a b Y abed N Y 40 Crucial ab
2 M 18-28 3-5 Excellent Y 4 b a b Y abd N Y 40 Crucial cd
3 M 18-28 0-2 Fair N 2 b a b Y bd N Y 10 Crucial bc
4 M 18-28 6-10 Good N 4 b a b Y b N N 20 Crucial a
5 M 18-28 3-5 Average Y 4 a a b N bc N Y 40 Moderate a
6 M 18-28 6-10 Excellent Y 4 a a b Y ab N Y 20 Crucial abed
7 M 1828 6-10 Excellent Y 2 b a b Y b N N 20 Crucial b
8 M 18-28 6-10 Good Y 2 b a ¢ Y ab N Y 40 Moderate ¢
9 M 18-28 6-10 Good N 2 b a b Y abd N Y 10 Crucial abc
10 F 18-28 6-10 Excellent Y 4 ¢ a b Y bc N Y 60 Moderate ab
11 M 18-28 3-5 Excellent Y 2 b a b Y bed N Y 20 Crucial abcd
12 M 18-28 6-10 Excellent N 2 a b b Y ab N Y 10 Crucial ad
13 M 18-28 0-2 Good N 2 ¢ d b Y b N Y 20 Crucial abc
14 M 2940 6-10 Excellent N 4 b a b Y bd N N 20 Crucial abcd
15 F 1828 0-2 Average N 4 b a b Y bc N Y 60 Crucial bc
16 M 18-28 3-5 Average N a a b Y bc N Y 10 Crucial abd
17 M 18-28 0-2 Average N 2 b b ¢ Y b N Y 10 Crucial c




Table B.2: Responses to post-test questionnaire shown in Appendix A

10

Question
T T Tivo 7vo Tvi Tvii 8

7i

Subject

a

abcd

Y

d
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Appendix C Run-Off-Road Training Pilot Study:

Table C.3: Scoring criteria and weighting for each evaluation factor. “NA” denotes

Scoring Criteria and Performance Re-

sults

non-applicable criteria

i oag Kij

3 2 1 0
1 10 Q-8B NA NA Q1 = ACD
2 10 NA NA Q2 = A,B,D Q2 =C
310 up < 25 25 <up <37 37 <ur <50 50 < ug
4 10 65 <0 <115 61, < 65 115 < 6, < 180 180 < 6y,
5 10 65 <f0r <115 Or < 65 115 < 0r < 180 180 < Op
6 6 Ry < 85 85 < Ry <100 100 < Rg < 200 200 < Ry
7 6 R¢<85 85§R¢<100 100§R¢<200 200§R¢
8 15  —3.15 < Ymax < —0.85 NA NA —0.85 < Ymaz OF Ymaz < —3.15
9 8 ts = NO NA NA ts = YES
10 15 R. = YES NA NA R. = NO

Table C.4: Participant scores along with select demographic data for the pilot study

Stup = %(52 + S3) — 51

. A Drivin, Personal ROR

ls\Tlt)b Gender Grgo(ilp Experienci (Yrs.) lsast(i)n;L Experience S1 S2 53 Srmp
1 M 18-28 0-2 Average Yes 53.7 87.3 87.3 33.7
2 M 18-28 0-2 Fair No 75.3 38.0 753 -18.7
3 M 18-28 6-10 Good No 470 86.7 86.7 39.7
4 M 18-28 3-5 Average Yes 24.7 86.7 86.7 62.0
5 M 18-28 6-10 Excellent Yes 62.0 80.0 83.3 19.7
6 M 18-28 6-10 Excellent Yes 57.7 787 753 19.3
7 M 18-28 6-10 Good Yes 22.0 54.7 90.0 50.3
8 M 18-28 6-10 Good No 53.7 81.3 827 28.3
9 F 18-28 6-10 Excellent Yes 24.7 80.7 84.0 57.7
10 M 18-28 3-5 Excellent Yes 53.0 79.3 89.3 31.3
11 M 18-28 6-10 Excellent No 10.0 86.7 86.7 76.7
12 M 18-28 0-2 Good No 30.0 54.7 66.7 30.7
13 M 18-28 6-10 Excellent No 57.0 79.3 88.0 26.7
14 F 29-40 0-2 Average No 28.7 76.0 86.7 52.7
15 M 18-28 3-5 Average No 61.3 91.3 913 30.0
16 M 18-28 0-2 Average No 80.0 76.7 T76.7 -3.3
17 M 18-28 0-2 Good No 16.7 60.0 88.0 57.3
Average 446 752 83.8 35.0
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Appendix D Run-Off-Road Simulator Validation

Study: Questionnaires

Demographics Questionnaire:

Please answer the following questions to the best of your knowledge.
D1) What is your age?
D2) What is your gender (M or F)?
D3) What is your profession (or major if you're in college)?

D4) How many years have you been driving (how long since you received your driver’s

license)? (Feel free to include fractions of years, for example 3.5 years)

D5) Please indicate how you would rate yourself as a driver.

(Poor) 1 - 2 - 8 - 4 - 5 (FExcellent)

D6) Approximately how many miles do you typically drive a year? (Circle One)

<5,000 5,000-10,000 10,000-15,000 >15,000
D7) Have you experienced a vehicle run-off-road event before? (Y or N)
D8) Have you ever taken a novice driver education course? (Y or N)

D9) Have you ever attended an advance driver training program (e.g. a course focused on

safe driving practices)? (Y or N)
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Task Load Questionnaire:
Think about the scenario which you just drove. Please select a number below each question

which best describes your answer to that question.

P1) Mental Demand: How much mental activity was required to recover the vehicle
(e.g. thinking, deciding, calculating, remembering, looking, searching, etc.)?

(Low) 1 - 2 - 8 - 4 -5 -6 - 7 (High)

P2) Physical Demand: How much physical activity was required to recover the vehicle
(e.g. pushing, pulling, turning, controlling, etc.)?

(Low) 1 - 2 - 3 - 4 -5 -6 - 7 (High)

P3) Temporal Demand: How much time pressure did you feel due to the rate or pace
at which the recovery or recovery elements occurred?

(Low) 1 - 2 -8 -4 -5 -6 - 7 (High)

P4) Performance: How successful do you think you were in recovering the vehicle?

(Poor) 1 - 2 -8 - 4 -5 -6 - 7 (Good)

P5) Frustration Level: How anxious did you feel during the recovery?

(Low) 1 - 2 - 3 - 4 -5 -6 - 7 (High)
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Appendix E Run-Off-Road Simulator Validation Study:

Questionnaire Responses

Table E.1: Responses to demographics questionnaire shown in Appendix D

. Question
Subject

D1 D2 D3 D4 D5 D6 D7 D8 D9

1 20 F Psychology 5 3 2 N Y N
2 21 M  Civil Engineering 4.5 4 1 N Y Y
3 20 F Psychology 5 4 2 Y Y N
4 21 F Psychology 5 3 2 N Y Y
5 24 M  Automotive Retail 8.5 4 1 N Y Y
6 19 M Pre-Business 3.3 5 3 N Y N
7 18 F Business 3.5 3 2 N Y N
8 18 F Health Science 4 1 Y Y N
9 18 F Health Science 2 4 2 N N N
10 18 F Pre-Business 2 4 3 Y Y N
11 18 F Pre-Rehabilitation 3.5 4 2 N Y N
12 18 F Undeclared 2 4 1 N N N
13 18 M  Microbiology 4 2 N Y N
14 18 M  General Engineering 3 2 1 Y Y Y
15 19 M  English 2.5 4 1 Y Y Y
16 18 F Sociology 3.75 4 2 N Y Y
17 18 F Health Science 2.5 4 1 N Y N
18 18 F Engineering 3 4 2 N Y N
19 18 F Pre-Business 1.5 3 2 Y Y N
20 18 F Psychology 1 3 2 N N N
21 18 F Health Science 2.5 4 2 N Y N
22 20 M  Graphic Communications 3 4 1 N Y Y
23 18 F Biochemistry 3 4 2 N Y N
24 18 F Pre-Business 1.5 3 1 N N N
25 21 F Sociology/Criminal Justice 6 3 1 N Y N
26 18 F Education 2.5 4 1 N Y Y
27 20 F Psychology 4 2 2 N Y N
28 18 F Graphic Communications 2.9 4 1 N Y N
29 18 F Economics 2.5 4 3 Y Y N
30 18 M  Chemical Engineering 2.5 4 3 Y Y N
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Question
P1 P2 P3 P4 P5

Test

Table E.2: Responses to task load questionnaire shown in Appendix D for subjects

1-6

Question
P3 P4 P5

P2

P1

Test

Subject
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Question
P1 P2 P3 P4 P5

Test

10

10

11

Table E.3: Responses to task load questionnaire shown in Appendix D for subjects

7-12

Question
P3 P4 P5

P2

P1

Test

Subject

10

11

12
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Table E.4: Responses to task load questionnaire shown in Appendix D for subjects

13-18

Question
P1 P2 P3 P4 P5

Test

13

15

11

11

Question
P3 P4 P5

P2

P1

Test

Subject

13

14

15

16

17

18
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Table E.5: Responses to task load questionnaire shown in Appendix D for subjects

19-24

Question
P1 P2 P3 P4 P5

Test

16

10

11

14

16

Question
P3 P4 P5

P2

P1

Test

Subject

19

20

21

22

23

24
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Table E.6: Responses to task load questionnaire shown in Appendix D for subjects

25-30

Question
P1 P2 P3 P4 P5

Test

10

16

16

Question
P3 P4 P5

P2

P1

Test

Subject

25

26

27

28

29

30
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Appendix F Video Based Run-Off-Road Training

Study: Questionnaires

Demographics Questionnaire:

Please answer the following questions to the best of your knowledge.

D1)
D2)
D3)

D4)

D5)

D6)

D7)
D8)

D9)

What is your age?
What is your gender (M or F)?
What is your profession (or major if you're in college)?

How many years since you received your driver’s license? (Feel free to include fractions

of years, for example 3.5 years)

Please indicate how you would rate yourself as a driver.

(Poor) 1 - 2 - 8 - 4 - 5 (FExcellent)

Approximately how many miles do you typically drive a year? (Circle One)

<5,000 5,000-10,000 10,000-15,000 >15,000
Have you experienced a vehicle run-off-road event before? (Y or N)
Have you ever taken a novice (beginner) driver education course? (Y or N)

Have you ever attended an advanced driver training program (e.g. a specific course

focused on safe driving practices)? (Y or N)
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Task Load Questionnaire:
For questions 1-5, please indicate the level you think is more pertinent to answer the fol-

lowing questions.

P1) Mental Demand: How much mental activity was required to recover the vehicle
(e.g. thinking, deciding, calculating, remembering, looking, searching, etc.)?

(Low) 1 - 2 - 8 - 4 -5 -6 - 7 (High)

P2) Physical Demand: How much physical activity was required to recover the vehicle
(e.g. pushing, pulling, turning, controlling, etc.)?

(Low) 1 - 2 - 3 - 4 -5 -6 - 7 (High)

P3) Temporal Demand: How much time pressure did you feel due to the rate or pace
at which the recovery or recovery elements occurred?

(Low) 1 - 2 -8 -4 -5 -6 - 7 (High)

P4) Performance: How successful do you think you were in recovering the vehicle?

(Poor) 1 - 2 -8 - 4 -5 -6 - 7 (Good)

P5) Frustration Level: How anxious did you feel during the recovery?

(Low) 1 - 2 - 3 - 4 -5 -6 - 7 (High)
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Post-Test Questionnaire:
Please briefly (a sentence or two) answer the following questions to the best of your knowl-

edge.
1. What percentage of motor vehicle fatalities can be attributed to run-off-road?
2. Please list some roadway factors which make run-off-road dangerous.
3. How should you initially handle your vehicle if it begins to run off the road?
4. What is a safe speed for returning back to the road after an ROR event?

5. Please list the things you should consider before bringing your vehicle back onto the

road after an ROR event.

6. Just before you return to the road, how should you position your vehicle (with respect

to the roadway edge) when 2 wheels are off? When 4 wheels are off?

7. Please briefly describe the safest steering maneuver to get back on the road (including

how much to turn and when).

8. Additional Comments about the Simulator or Training Video:
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Appendix G Video Based Run-Off-Road Training

Study: Questionnaire Responses

Table G.1: Responses to demographics questionnaire shown in Appendix F for sub-
jects 1-30

. Question
Subject

D1 D2 D3 D4 D5 D6 D7 D8 D9
1 20 F Psychology 4.5 4 2 Y Y N
2 20 M  Bio Engineering 4 4 3 N Y N
3 19 M  Bio Sciences 3 4 2 N Y N
4 19 M Architecture 3 4 2 Y Y Y
5 20 F Bio Chemistry 5 4 2 N Y N
6 20 M  Electrical Engineering 5 5 2 N Y N
7 18 F Food Science 1.5 3 1 Y Y N
8 19 F Food Science 3 4 1 N Y N
9 19 F Psychology 2.4 3 1 N Y Y
10 18 M  Chemistry 2.5 4 2 N Y Y
11 33 F Mechanical Engineering 16 4 3 N N Y
12 19 F Audio Visual Sciences 3 3 2 N Y Y
13 21 F Bio Sciences 5.5 4 3 Y Y Y
14 19 F Bio Sciences 3.5 4 1 N Y N
15 19 F Psychology 2 4 1 N Y N
16 19 M  Bio Sciences 4 3 N Y N
17 19 F Bio Chemistry 2.5 5 1 N Y N
18 19 F Psychology 3 4 1 Y Y Y
19 20 M Theater 5 3 Y Y N
20 19 F Recreational Therapy 4.75 3 2 N Y N
21 25 F Electrical Engineering 3 4 1 N N N
22 20 F Psychology 3 4 2 N Y N
23 19 F Nursing 4 3 2 N Y N
24 18 M Communications 2.3 5 2 N Y N
25 19 F Chemistry 3 4 3 N Y Y
26 22 F Psychology 7 4 3 N Y N
27 19 M Undeclared 2.5 3 2 N Y N
28 20 F Env. & Nat. Res. Mngmt. 4 3 3 N Y N
29 18 F Psychology 1 2 1 N N N
30 19 F Political Science 2 3 1 N Y N
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Table G.2: Responses to demographics questionnaire shown in Appendix F for sub-
jects 31-75

. Question
Subject

D1 D2 D3 D4 D5 D6 D7 D8 D9
31 19 M  Mechanical Engineering 3.5 5 2 Y Y N
32 22 F Bio Sciences 6 4 2 N Y N
33 19 M  Computer Science 4 4 2 N Y Y
34 18 F Education 2.5 3 2 N Y N
35 19 F Biology 1.5 4 1 N Y N
36 19 F Health Science 4 5 1 N Y N
37 21 F Genetics 6.5 4 2 N Y N
38 22 M  Mechanical Engineering 6 5 1 N Y N
39 21 F Psychology 3 4 2 N N Y
40 22 M Mechanical Engineering 6 4 2 N N N
41 20 M  Environmental Engineering 4.5 4 2 Y Y N
42 18 M  Political Science 2.5 4 3 Y Y N
43 18 F Food Science 3 3 2 N Y N
44 20 F Marketing 4.5 4 4 Y Y N
45 22 M Biological Sciences 6.5 4 4 Y Y N
46 20 F Biological Sciences 4.5 3 2 N Y N
47 24 M  Mechanical Engineering 7 4 2 N Y N
48 19 F Nursing 4 2 N Y N
49 22 M  Biological Sciences 6.3 4 3 Y Y N
50 22 M  Mechanical Engineering 6 4 1 N N N
51 24 M Mechanical Engineering 9 5 4 Y Y N
52 22 M Mechanical Engineering 6 4 1 N Y N
53 24 M  Mechanical Engineering 9.5 4 4 Y Y N
54 25 M  Mechanical Engineering 10 4 3 Y Y Y
55 23 M Mechanical Engineering 7.5 5 4 Y Y N
56 23 M  Mechanical Engineering 7 5 3 Y Y N
57 22 M Mechanical Engineering 6.5 4 3 Y N N
58 23 M Mechanical Engineering 8.5 4 4 Y Y N
59 23 M  Mechanical Engineering 6.5 4 3 N Y N
60 36 M  Mechanical Engineering 20 5 4 Y Y N
61 21 M  Mechanical Engineering 6 4 2 Y Y N
62 22 M  Mechanical Engineering 4 4 3 N Y N
63 21 F Mechanical Engineering 6 4 2 N Y Y
64 23 M  Mechanical Engineering 8 3 4 Y Y N
65 23 M  Mechanical Engineering 7.5 5 3 Y Y N
66 23 M Mechanical Engineering 4 2 Y Y N
67 22 M  Mechanical Engineering 3 4 Y Y N
68 24 M  Mechanical Engineering 8 5 2 N Y N
69 25 M  Mechanical Engineering 9.5 5 3 N Y N
70 22 M  Mechanical Engineering 5 4 2 N Y Y
71 22 M Mechanical Engineering 5 4 1 Y Y N
72 21 M  Mechanical Engineering 6.5 4 2 Y Y N
73 22 M  Mechanical Engineering 6 4 2 N Y N
74 21 M Mechanical Engineering 5 4 2 N Y N
75 22 M  Mechanical Engineering 5.1 4 2 N Y N
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Table G.3: Responses to task load questionnaire shown in Appendix F for subjects

1-16
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Table G.4: Responses to task load questionnaire shown in Appendix F for subjects

17-32
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Table G.5: Responses to task load questionnaire shown in Appendix F for subjects

33-48
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Table G.6: Responses to task load questionnaire shown in Appendix F for subjects
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Table G.7: Responses to task load questionnaire shown in Appendix F for subjects
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