
 
 
 
 
 
 
 
 
 

 
Pilot Test of  

Fatigue Management 
Technologies 

  
 
 
 
 
 
 
 
 
 
 
 
 

 
 

April 2005



 

Foreword 
 
This project developed an experimental design and instrumentation plan, and conducted a 
pilot field trial test of commercial truck drivers’ reactions to fatigue management 
technologies (FMT) under current Federally-mandated hours-of-service in both Canada 
and the United States. The project sought to experimentally determine how drivers 
engaged in over-the-road trucking operations reacted to a number of promising fatigue 
management technologies, and whether the technologies would improve the alertness and 
fatigue awareness of commercial truck drivers and increase their sleep time, by providing 
them with information feedback about their sleep, drowsiness level, and driving 
performance.  
 
Although the report can be helpful to the general public in understanding fatigue 
management technologies, the report is primarily targeted towards commercial motor 
carriers and their drivers. 
 
This publication is considered a final report and does not supersede another publication.  
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EXECUTIVE SUMMARY 
 
This project developed an experimental design and instrumentation plan, and conducted a pilot 
field trial test of commercial truck drivers’ reactions to fatigue management technologies (FMT) 
under current federally-mandated, hours-of-service in both Canada (phase 1) and the United 
States (phase 2). The project sought to experimentally determine how drivers engaged in over-
the-road trucking operations reacted to a number of promising fatigue management technologies, 
and whether the technologies would improve the alertness and fatigue awareness of commercial 
truck drivers and increase their sleep time, by providing them information feedback about 
changes in sleep need, in drowsiness and in driving performance. It was hypothesized that the 
use of FMT would result in more sleep and improved driver alertness and performance while 
driving. This Executive Summary combines the findings from both the Canada phase and U.S. 
phase of the study.  
 
A Canadian trucking company and an American trucking company agreed to allow their trucks 
to be instrumented with the fatigue management technologies. Their drivers were solicited for 
participation after the protocol, procedures and informed consents were reviewed and approved 
by the Canadian Research Ethics Board and by the Institutional Review Board of The Walter 
Reed Army Institute of Research.  
 
The combination FMT intervention consisted of four technologies, each of which was judged to 
represent a promising fatigue management technology approach from one of four domains. 
 

1. Wrist worn SleepWatch® (Precision Control Design, Inc.) contains a Sleep Management 
Model software algorithm (Walter Reed Army Institute of Research) for monitoring and 
providing feedback to drivers on sleep need and performance readiness. Wrist-worn 
actigraphic monitoring of drivers’ rest-activity patterns, with feedback regarding 
estimated sleep need, was judged to be a promising objective way to inform drivers of the 
development of cumulative sleep debt and the need to obtain more sleep and/or take 
additional alertness–promoting countermeasures. 

 
2. Copilot® system (Attention Technologies, Inc.) for infrared monitoring of driver 

drowsiness uses PERCLOS (a proprietary algorithm based on percentage of slow eyelid 
closures). On-line detection and feedback of driver drowsiness provides drivers with 
immediate information on their drowsiness levels when driving, which is especially 
important during driving in the late night and early morning hours, when drowsiness can be 
increased. DOT research has demonstrated that tracking slow eyelid closures (PERCLOS) 
reliably predicts lapses of attention associated with sleepiness. 

 
3. SafeTRAC® lane tracker system (Applied Perception and AssistWare Technology, Inc.) 

provides on-line monitoring of driver performance and alertness. Lane tracking, which 
refers to monitoring the position of the vehicle in the driving lane and detection of lane 
drifting, weaving, or variability in tracking the lane, is a well-established measure of 
driving performance. In addition to lane tracking having excellent face validity in driving 
safety, many studies of fatigue-related driving deficits have found variability in lane 
tracking to be one of the more sensitive measures of drowsiness and fatigue.   
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4. Howard Power Center Steering®  (HPCS) system (River City Products, Inc.) reduces the 
physical work drivers must continually undertake to control vehicle stability while driving. 
Unlike the other FMT technologies that were designed to provide feedback to drivers on their 
behavioral alertness relative to fatigue based in sleep and circadian biology, the HPCS 
system was designed to lessen physical fatigue (in neck, shoulders and arms) associated with 
drivers “fighting” the steering wheel in crosswinds. 

 
The trucks of volunteer drivers were also instrumented with the Accident Prevention Plus (AP+) 
on-board recording device (black box) to continuously record a range of truck motion variables 
(speed, lateral acceleration, etc.) as well as information from the FMT devices (PERCLOS, lane 
tracking variability, steering, etc.). Volunteer drivers also completed a daily diary on their work-
rest activities, and performed the Psychomotor Vigilance Task (PVT) twice daily, midway and at 
the end of each trip, as an independent validation of their level of behavioral alertness. In 
addition to training in the use of all technologies listed above, drivers also received Education on 
Alertness and Fatigue Management before they drove with the instrumented trucks. The 
education module encouraged drivers to be responsible for their alertness levels at all times 
throughout the study. Following completion of the study drivers were debriefed and completed 
the Human Factors Structured Interview Questionnaire in which they reported their reactions to 
all interventions, measures and technologies used in the study. 
 
A within-subjects cross-over design (i.e., using subjects as their own controls) was the most 
efficient way to compare the effects of combined FMT providing feedback on sleep need, 
alertness/drowsiness, and performance (i.e., FEEDBACK condition) with the effects of the NO 
FEEDBACK control (baseline) condition in which technologies were recording but no feedback 
of alertness/drowsiness, performance and sleep need was provided. The design did not include 
manipulating or controlling what the participating companies and drivers did, what schedules the 
drivers adhered to, or what operating practices they actually followed. Rather, the FMT 
intervention and data collection were applied to existing routine trucking operations. Drivers first 
drove for 2 weeks in the NO FEEDBACK baseline condition, in which data were recorded, but 
no feedback on alertness/sleepiness, performance or sleep need was provided to drivers. In the 
subsequent 2 weeks drivers operated with information FEEDBACK from the SleepWatch®, the 
CoPilot® system for monitoring PERCLOS, and the SafeTRAC® lane tracker. The Howard 
Power Center Steering®  system was also available to use during these 2 weeks of FEEDBACK.  
 
Since it was neither cost-effective nor practical to conduct a separate study of each individual 
technology, the selected representative four FMT technologies were combined and tested as a set 
within a single field trial that had two phases. Study Phase 1 (data collection in 2002) took place 
under Canadian hours-of-service regulations, and involved a Canadian trucking company in 
which volunteer drivers operated single tractor-trailer units with sleeper berths, and 
approximately 74% of their driving was conducted during daytime hours. Study Phase 2 (data 
collection in 2003) took place under U.S. hours-of-service regulations, and involved a U.S. 
trucking company in which volunteer drivers operated tandem tractor-trailer units without 
sleeper berths, and approximately 93% of their driving was conducted during nighttime hours. 
The differences between Canadian and U.S. trucking companies were in part a function of which 
companies agreed to be part of the study, as well as our goal to expressly study companies in 
which night driving was both a minority (Phase 1) and a majority (Phase 2) of trucking 
operations. 
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A grand total of 38 experienced long-haul truck drivers (n = 32 men; n = 6 women) volunteered 
for the study and completed both the NO FEEDBACK and FEEDBACK conditions (n = 26 from 
the Canadian phase, and n = 12 from the U.S. phase). Data from the FMT devices and other 
driving performance variables were gathered on the AP+ black box recorder every second the 
trucks were operating for the 28 days each driver was in the study. This resulted in 8,737,705 
total records among the 38 drivers in the combined study phases, which reduced to 6,683,855 
useable data records among 29 drivers (Canada n = 20 and U.S. n = 9), when confining data 
analyses to artifact-free records in which speed was at least 30 mph (i.e., highway driving). The 
equipment failure resulted in a loss of approximately 25% of the data. Even with this attrition, 
the data set and remaining sample sizes were adequate for hypothesis testing. While rough road 
conditions in the operating trucks caused some data loss, the final AP+ black box recorded 
dataset was the most extensive objective data of truck driver alertness and truck performance 
ever recorded. In addition, data acquired from the drivers’ Daily Diaries; their 933 PVT 
performance tests; their 1.2 million minutes of SleepWatch actigraphic data; and their extensive 
responses and comments to the Human Factors Structured Interview Questionnaire, resulted in 
millions of additional data records. Many of the latter variables could be analyzed using all 38 
drivers who completed the study. The massive scope of the dataset acquired in this “Pilot” study 
is the reason the main report contains 79 summary Figures of data analysis results, and is 
followed by six appendices containing hundreds of additional Figures. 
 
Redundant statistical approaches were used to test the primary hypothesis (e.g., both unweighted 
analyses and mixed model [doubly weighted] analyses of changes in mean values and standard 
deviations, as well as changes in median values and interquartile ranges). The sum of total hours 
during the NO FEEDBACK and FEEDBACK conditions was used as a weighting factor in the 
mixed models. Key findings are summarized briefly below relative to the primary hypotheses 
and to other key findings and recommendations relevant fatigue management in long-haul 
trucking. 
 
Hypothesis: FMT FEEDBACK will improve driver alertness and/or reduce driver drowsiness. 

 Phase 1: Canadian Drivers. There was evidence in support of the hypothesis. Driver 
drowsiness as measured by the CoPilot® index of PERCLOS (i.e., slow eyelid closures) 
during night hours was reduced under the FEEDBACK condition compared to the NO 
FEEDBACK condition. This was further confirmed by drivers’ subjective sleepiness 
ratings taken before and after PVT performance tests at night. However, the SafeTRAC® 
index of driver alertness and drivers’ PVT reaction times showed slight reductions in 
alertness during the daytime in the FEEDBACK condition. 

 Phase 2: U.S. Drivers. There was evidence in support of the hypothesis. This phase 
focused more extensively on drivers who primarily drove at night, when sleepiness would 
be expected to be more of a problem. The SafeTRAC® index of driver alertness and the 
CoPilot® index of PERCLOS both provided evidence of greater alertness in the 
FEEDBACK condition than in the NO FEEDBACK condition. Although only a 
statistical trend, lane tracking variability also improved with FEEDBACK during night 
driving in the U.S. study phase. 

 Combined Canada and U.S. data. Composite results from pooling data from the two 
study phases yielded strong support for the hypothesis. During night driving, 
FEEDBACK from FMT significantly reduced slow eyelid closures (PERCLOS) as 
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measured by CoPilot®, increased the SafeTRAC® estimate of driver alertness, and 
decreased lane tracking variability. 

 
  Hypothesis: FMT FEEDBACK will increase driver sleep time. 

 Phase 1: Canadian Drivers. Within the Canadian study phase, none of the 
SleepWatch® actigraphy outcomes demonstrated systematic differences between the NO 
FEEDBACK and FEEDBACK conditions. There was also no evidence from drivers’ 
Daily Diaries to support the hypothesis that FMT FEEDBACK resulted in increased sleep 
time relative to NO FEEDBACK. 

 Phase 2: U.S. Drivers. Within the U.S. study phase, there was a significant increase in 
the number of SleepWatch® actigraphically identified sleep episodes but not sleep 
duration  in the FEEDBACK condition relative to the NO FEEDBACK. There was also 
no evidence from drivers’ Daily Diaries of increased sleep time. 

 Combined Canada and U.S. data. When the SleepWatch® actigraph-identified sleep 
duration per 24 hours was analyzed for both study phases, separating workdays and non-
workdays, there was clear evidence in support of the hypothesis. In contrast to workdays, 
where FMT FEEDBACK had no effect on sleep time, there was a significant increase in 
mean sleep duration during non-workdays in the FEEDBACK condition relative to the 
NO FEEDBACK. Drivers in both study phases increased their non-workday sleep 
durations by an average of 45 minutes per day over sleep duration on non-workday days 
in the NO FEEDBACK condition.  

 
Other Key Findings 

 Is there a “cost” to being more alert with FMT FEEDBACK?  As summarized above, 
during FMT FEEDBACK, alertness improved significantly during driving in the U.S. 
study phase, which involved predominantly night driving. However, there was also 
consistent evidence that PVT performance worsened and subjective sleepiness ratings 
increased during the FEEDBACK period of the U.S. study relative to the NO 
FEEDBACK period. This suggests the possibility that FMT FEEDBACK in drivers who 
operate primarily at night, may have alertness-promoting benefits during driving, but 
such feedback may also create a modest “cost” to the added effort (in attention and 
compensatory behaviors) required to respond to the information from the devices, and 
that “cost” may manifest itself as slightly worse performance and greater subjective 
sleepiness when performing a demanding vigilance-based reaction time task such as the 
PVT (while not driving). 

 Do drivers prefer vehicle-based measures of alertness? Descriptive analyses of 
drivers’ responses to the Human Factors Structured Interview Questionnaire at the end of 
the 2-week NO FEEDBACK period, and again at the end of the 2-week FEEDBACK 
condition period, revealed clear preferences of both Canadian and U.S. drivers for fatigue 
management training and certain fatigue management technologies. Drivers were 
uniformly positive about the Education on Alertness and Fatigue Management course 
given at the beginning of each study phase. Among technologies designed to detect 
alertness or drowsiness, drivers gave higher ratings to SafeTRAC®, medium ratings to the 
SleepWatch®, and low ratings to the CoPilot®. Among all fatigue management 
technologies deployed however, drivers were significantly more enthusiastic about the 
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benefits of the Howard Power Center Steering®  system and SafeTRAC®, than they 
were about SleepWatch® and CoPilot®. It is noteworthy that Howard Power Center 
Steering® and SafeTRAC® both interface with the vehicle, while SleepWatch® and 
CoPilot® interface with the driver. It may be that truck drivers prefer fatigue 
management be carried out by way of vehicle monitoring more so than driver monitoring.  

 A future for FMT technologies? Overall, participant drivers were positive toward the 
FMT approach in general and felt that if such technologies could be further improved, 
they would be of benefit in helping manage fatigue and alertness. 

 
Project recommendations pointing toward future work outside the scope of this project 
 

 Continue development fatigue management technologies. There is enough evidence to 
support the case for continued development of FMT technologies. But these should not 
solely be in the area of driver monitors. Vehicle-based monitoring should also get 
increased attention, as truck drivers appear to have some preference for this mode of 
fatigue management.  

 Drivers need and want Alertness and Fatigue Management Courses. Despite 
differences in country of operation, hours-of-service, type of trucks, and a host of other 
factors, U.S. and Canadian drivers had surprisingly similar views toward the FMT 
project. They enthusiastically endorsed the Alertness and Fatigue Management Training 
Course provided in the study. Drivers indicted they benefited from the course and wanted 
more of this type of didactic to help teach them how to manage their fatigue. This is 
impressive given that these were largely seasoned long-haul drivers, who appeared not to 
be inhibited about reporting that they can still learn about fatigue and ways to manage it. 
These positive views towards fatigue management training suggest that some segments of 
the trucking industry are likely to welcome fatigue management programs. 

 PVT should be developed as a Fitness-for-Duty test.  Although the Psychomotor 
Vigilance Task was not discussed with drivers as either an fatigue management 
technology or a “fitness for duty” test, a majority of drivers in both countries indicated 
when asked that the PVT could be used as a personal checking system on driver fitness-
for-duty system, if it could be reduced in duration. Drivers’ generally positive view of the 
PVT as a potential fitness- for-duty device, suggests that efforts should be made to 
attempt to validate the sensitivity, and positive and negative predictability of a shorter-
duration PVT test (e.g., 3-5 minutes) relative to truck driver fatigue. 

 Barriers to drivers obtaining adequate sleep during workdays need to be identified. 
One of the more striking outcomes of the project was the finding that drivers in both 
countries were routinely averaging between 5 hours and 6¼ hours of sleep per day during 
workdays, despite very different work schedules. Recent scientific work on volunteer 
truck drivers (some of it sponsored by the U.S. Department of Transportation), shows that 
severe sleep debt and deficits in behavioral alertness can develop within a few days at  
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these sleep durations.1 The fact that project participants markedly increased their sleep 
durations on non-workdays also supports the view that they were suffering sleep debts. 
Much more needs to be understood about the factors that determine when and where 
drivers obtain sleep on workdays and non-workdays; the barriers to obtaining adequate 
sleep on workdays; and the factors that convince them to get more recovery sleep on non-
workdays.  

                                                           
1 Dinges DF, Pack F, Williams K, et al. Cumulative sleepiness, mood disturbance, and psychomotor vigilance performance decrements during a 
week of sleep restricted to 4-5 hours per night. Sleep 20:267-277, 1997. Van Dongen HPA, Maislin G, Mullington JM, et al. The cumulative cost 
of additional wakefulness: Dose-response effects on neurobehavioral functions and sleep physiology from chronic sleep restriction and total sleep 
deprivation. Sleep 26:117-126, 2003.  Belenky G, Wesensten NJ, Thorne DR, et al. Patterns of performance degradation and restoration during 
sleep restriction and subsequent recovery: a sleep-dose response study. Journal of Sleep Research 12:1-12, 2003. 
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1.0 Purpose of Project  
 

1.1 Objective 
 

This project involved an extensive over-the-road test of a combined set of promising 
fatigue management technologies (FMT) in trucking operations in Canada and the United 
States (U.S.). The objective was to determine how drivers engaged in over-the-road 
trucking operations reacted to such technologies, and whether the technologies would 
improve the alertness and fatigue awareness of commercial truck drivers by providing them 
with information feedback about changes in sleep need, in drowsiness, and in driving 
performance.  
 

1.2 Task 
 
  This study included an experimental design and instrumentation plan, and a pilot field trial test 

of commercial truck drivers’ reactions to a combination of some of the more promising fatigue 
management technologies (FMT), under current federally-mandated hours-of-service in both 
Canada and the U.S. Since it was neither cost-effective nor practical to conduct a separate 
study of each individual technology, the selected technologies were combined and tested as a 
set within in a single field trial that had two phases—one completed in Canada and a second 
phase completed in the U.S. 
 

1.3 Specific aims 
 

The primary specific aim of the project was to experimentally evaluate whether the fatigue 
management behaviors of commercial motor carrier drivers in the U.S. and Canada would 
be influenced by information feedback from a combination of some of the more promising 
fatigue management technologies, during routine driving schedules. Specifically, we 
sought to determine whether feedback from combined fatigue management technologies 
would enhance drivers’ alertness and performance at work, and increase their sleep times 
on workdays and/or non-work days. A secondary specific aim was to obtain drivers’ 
reactions to the fatigue management technologies.  
 

1.4 Primary hypothesis 
 
It was hypothesized that deployment of a combination of four fatigue management 
technologies would result in objectively more sleep (determined by actigraphy) and 
improved driver alertness and driving (as assessed by lane tracking and PERCLOS 
measure of slow eyelid closures) under both current U.S. and Canadian hours-of-service 
rules.  
 

2.0 Fatigue Management Technologies Selected for Study 
 
There are currently a growing number of technologies that purport to help drivers manage 
fatigue.2 The project was not resourced or designed to study every one of these 

                                                           
2 Krueger, G. Technologies And Methods For Monitoring Driver Alertness And Detecting Driver Fatigue: A Review Applicable To Long-Haul 

Truck Driving. Technical Report for American Transportation Research Institute and Federal Motor Carrier Safety Administration, June 2004. 



 

 2

technologies, or even to study each subset of them. Rather, building on previous work at 
the U.S. Department of Transportation, the project identified representative technologies in 
four domains of fatigue management: (1) improving objective information on driver sleep 
need, (2) improving objective information on driver alertness, (3) improving objective 
information on driver lane tracking, and (4) lessening of the physical work required of the 
driver when controlling vehicle stability while driving. These representative technologies 
were bundled as an FMT package in the study design. Each is described in this report. 
 

2.1 SleepWatch® to inform drivers when they need more sleep 
 

Wrist-worn actigraph monitoring of drivers’ rest-activity patterns, with feedback regarding 
estimated sleep need, was judged to be a promising objective way to inform drivers of the 
development of cumulative sleep debt and the need to obtain more sleep and/or take 
additional alertness–promoting countermeasures. The technology selected for providing 
feedback to drivers on their need for sleep was the wrist activity monitor (or actigraph) 
SleepWatch® (Precision Control Design, Inc., FL) shown in Figure 1, combined with an 
internal algorithm entitled the “Sleep Management Model” (developed by Walter Reed 
Army Institute of Research [WRAIR]). Since 1980, the collaborating investigators at 
WRAIR (D. Redmond, G. Belenky, T. Balkin et al.) have pioneered both wrist-worn 
actigraph monitoring for recording of human rest-activity cycles, and algorithm 
development to detect sleep in actigraph data. See Appendix A-1 for photos of the 
SleepWatch® technology, and Appendix B-1 for instruction in its use provided to drivers.  

 
The SleepWatch® used in this study was a commercially available device, the 
SleepWatch™ Actigraph, Model OS2K, manufactured by Precision Control Design, Inc. 
(Ft. Walton Beach, FL) and marketed by Ambulatory Monitoring, Inc. (Ardsley, NY). It 
measured 1.5 inches by 1.45 inches by 0.45 inches, and weighed 2 ounces.  It was anodized 
black in color, styled in an octagonal shaped waterproof case, had a 0.8-inch viewing 
window for the LCD display, and was fitted to the wrist with a standard watchband. 
Internally, the SleepWatch® consisted of a piezo-electric ceramic beam which, with its 
associated electronics, comprised an accelerometer sensitive to motion in the anterior-
posterior axis of the wrist, with a sensitivity of about 0.05 g. Other components included a 
microprocessor, 2 megabytes of memory, an LCD display driver, and a coin-cell lithium 
battery. The accelerometric signal was electronically filtered into two separate signal 
components, one relatively broad-band at 0.1 to 14 Hz, and the other with a tightly filtered 
pass band of about 1.5 to 3 Hz. The former was used to detect when the device was not 
being worn, and the latter was further processed for discrimination of sleep and wake 
states. The filtered signals from the sensor were digitized at a rate of 10 Hz, and at the end 
of each 1-minute recording epoch of the study, they were converted to three channels of 
information, consisting of movement counts (zero crossings), movement duration (time 
above threshold), and summed amplitude (or integral) of movements. In the NO-
FEEDBACK study condition, these 3 channels of data were merely stored in memory for 
later retrieval and analysis. In the FEEDBACK condition, data from the movement-count 
channel were both stored and processed by the device in real time. First, counts from 7 
successive minutes were applied to an approximation of the Cole-Kripke Sleep/Wake 
algorithm,3 which is essentially a weighted moving average that assigns a state of sleep (= 

                                                           
3 Cole R, Kripke D, Gruen W, Mullaney D, Gillin JC: Automatic Sleep/Wake Identification from Wrist Actigraphy.  Sleep 15(5): 461-469, 1992. 
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1) or wake (=0) to each epoch. Over many days of monitoring the result is a time-history 
from which “total sleep time” and “sleep per day” were estimated. At each minute, the 
Sleep/Wake algorithm result was also the input into the Walter Reed Sleep/Performance 
Model,4 which used calculated sleep history and adjustment for time-of-day to modulate a 
Performance Index on a scale of 0 to 100.  This Index, initially set to 95, was used in the 
FEEDBACK condition to inform drivers of relative variation in performance capacity due 
to sleep or the lack of it. 

 
In both FEEDBACK and NO-FEEDBACK conditions, the LCD display of the 
SleepWatch® showed clock time as would a normal watch face. In addition, in the 
FEEDBACK condition, a semi-circular reticule display resembling a "fuel gauge" was 
displayed on a scale from 0% to 100% that varied based on the output of the Performance 
Index. Thus, during the FEEDBACK condition only, a driver could refer to his/her 
"performance level" by glancing at the SleepWatch®. Also he/she can read the actual 
numerical value of the current Performance Index by pressing a button on the side of the 
SleepWatch®. The SleepWatch® therefore contained a proprietary Sleep Management 
Model algorithm that could provide feedback on an estimated “performance-readiness” 
(Figure 1 and Appendix A).5 The feedback aspect of the SleepWatch® (i.e., the 
“performance fuel gauge” and the numeric value of “Performance-Readiness”) were 
suppressed in the control (NO FEEDBACK) condition (see DESIGN) while still collecting 
objective data on sleep time using the Sleep Management Model. 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
  
  
 Figure 1. Walter Reed Army Institute of Research (WRAIR) SleepWatch®. 
 (See Appendix A-1 for additional photos of SleepWatch®.) 

                                                           
4 Balkin T, Thorne D, Sing H, Thomas M, Redmond D, Wesensten N, Williams J, Hall S, Belenky G: Effects of sleep schedules on commercial 
motor vehicle driver performance.  Washington DC: U.S. Department of Transportation, Federal Motor Carrier Safety Administration; Report 
No. DOT-MC-00-133, May 2000. 
5 As with all fatigue management technologies used in the study, the validity of the proprietary algorithms contained in the specific devices used 
in the study was not assessed in the study. Therefore the use of a specific technology and algorithm in this study should not be interpreted as 
evidence for or against the validity of the device or algorithm to measure what it purports to measure. Nor should the use of a technology and 
algorithm be taken as an endorsement of the technology or algorithm by the study sponsors, investigators, or the participating drivers and 
companies. 

SleepWatch® analog performance “fuel” gauge 

digital clock 
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2.2 Copilot® monitor of eyelid closures (PERCLOS) to inform drivers of drowsiness   
 

The technology selected for providing feedback to drivers on their alertness while driving 
was the Copilot® (Attention Technologies, Pittsburgh, PA) system for monitoring 
PERCLOS (percent eyelid closure). U.S. DOT-funded research in the laboratories of W. 
Wierwille6 and D. Dinges7 led to the discovery that slow eyelid closures were a highly 
reliable measure of lapses of attention due to sleepiness/drowsiness, which led to the 
development of an infrared-based retinal reflectance monitor for eye closure detection by 
R. Grace at Carnegie Mellon University, and marketed by Attention Technologies. See 
Appendix A-1 for photos of the Copilot® technology, and Appendix B-1 for instruction in 
its use provided to drivers. 
 
Real-time detection of in-vehicle driver drowsiness provides drivers with immediate 
information on their drowsiness levels when driving, which is especially important during 
driving in the late-night and early morning hours, when drowsiness can be increased. 
Research has demonstrated that through the delivery of feedback, drivers could avoid 
driving and/or take appropriate countermeasures when drowsiness is detected via increased 
eyelid closures.8 The technology that best addressed this issue was the Copilot®. The 
Copilot® uses a structured illumination approach to identifying a driver’s eyes. The 
PERCLOS monitor identifies the driver’s eyes using two identical images with different 
sources of infrared illumination. The monitor utilizes two separate cameras, with both 
focused on the same point, yet situated at a 90-degree angle to one another. The image is 
passed through a beam-splitter that transmits or reflects the image onto the lenses of each 
camera. In order to isolate the correct wavelengths of light, one camera is outfitted with an 
850nm filter, and one with a 950nm filter. The 850 nm filter yields a “bright-eye” camera 
image (i.e., distinct glowing of the driver’s pupils or the red-eye effect) as seen in Figure 
2A. The 950 nm filter yields a dark-eye (Figure 2B). The difference-image (Figure 2C) 
eliminates all image features except for the bright pupils.  

 
 During the project, the Copilot®  was mounted on the dashboard of trucks, typically just to 

the right of the steering wheel (Figure 3 and Appendix A). Feedback from the system was 
provided on a separate digital display box (see below) and consisted of a Copilot® 
proprietary algorithm score from 0 to 99, where 0 indicated maximum eyelid closure and 
99 indicated least eyelid closure (see footnote 5). Eyelid closure feedback information was 
active during the 2-weeks drivers operated their trucks in the FMT FEEDBACK condition. 
The numeric feedback from the PERCLOS system was disabled during the NO 

                                                           
6 Wierwille, W.W.: Historical perspective on slow eyelid closure: Whence PERCLOS? In: Carroll, RJ (Ed.) Technical Proceedings of Ocular 

Measures of Driver Alertness Conference, Herndon, VA; FHWA Technical report No. MC-99-136). Washington , DC: Federal Highway 

Administration, Office of Motor Carrier and Highway Safety.  

7 Dinges, D.F., Mallis, M., Maislin, G., Powell, J.W.:  Evaluation of techniques for ocular measurement as an index of fatigue and the basis for 
alertness management.  U.S. Department of Transportation, National Highway Traffic Safety Administration, Contract No. DTNH22-93-D-
07007. pp. 1-113, 1998. 
8 Mallis, M., Maislin, G., Konowal, N., Byrne, V., Bierman, D., Davis, R., Grace, R., Dinges, D.F.: Biobehavioral responses to drowsy driving 
alarms and alerting stimuli.  Final report to develop, test and evaluate a drowsy driver detection and warning system for commercial motor 
vehicle drivers. U.S. Department of Transportation, National Highway Traffic Safety Administration, Contract No. DTNH22-93-D-07007. pp. 1-
127, 1999. 
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FEEDBACK condition, but PERCLOS information was still being recorded for those 2 
weeks. 

 
       

 2A:  bright-eye image    2B: dark-eye image   2C: difference image 
 
Figure 2: The three images obtained by The Copilot. The bright-eye image (2A) and the dark-eye 
image (2B) are essentially identical except for the glowing pupils in the bright eye image.  The 
difference-image (2C) eliminates all image features except for the bright pupils.  

 
 

 
Figure 3. The Copilot® was mounted on the truck dash for measurement of 
slow eyelid closures (PERCLOS) during night driving. (See Appendix A-1 
for additional photos of the Copilot®, and Appendix B-1 on instructions to 
drivers regarding Copilot®.) 

 
2.3 SafeTRAC® technology to inform drivers of lane tracking “alertness” 

 
The technology selected for providing feedback to drivers on their lane tracking was the 
SafeTRAC® (Applied Perception and AssistWare Technology, Inc., Wexford, PA). Lane 
tracking, which refers to monitoring the position of the vehicle in the driving lane and 
detection of lane drifting, weaving, or variability in tracking the lane, is a well-established 
measure of driving performance.  Many studies of fatigue-related driving deficits have 
found variability in lane tracking to be one of the more sensitive measures of drowsiness 

The Copilot IR device 

The Copilot digital 
information feedback on 
driver alertness  
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and fatigue. See Figure 4 and Appendix A-1 for photos of the SafeTRAC® technology, and 
Appendix B-1 for instruction in its use provided to drivers. 
 
Just as Copilot® provided an on-line monitor of driver drowsiness (via eyelid closures), 
SafeTRAC® served as an on-line monitor of driver performance. SafeTRAC® provided 
immediate feedback on driving performance in the FEEDBACK condition of the study. 
SafeTRAC® consisted of a video camera mounted on the windshield and coupled to a small 
computer that continuously analyzed the image of the road, lane markings, and other 
roadway features. Lane departures, erratic movements and other possible errors were 
detected. Intentional lane shifts indicated by the turn signal were designed to be ignored by 
the system. The SafeTRAC® feedback monitor was mounted on the dashboard just to the 
left of the steering wheel. Feedback from the system consisted of a 0 to 99 scale, where 0 
indicated most erratic lane tracking, and 99 indicated least erratic lane tracking, according 
to a proprietary algorithm (see footnote 5). If a driver made an abrupt deviation from the 
lane without signaling, SafeTRAC® also provided an auditory warning signal (a single 
short beep sound). As with other FMT technologies, feedback information from the 
SafeTRAC device was active during the 2-weeks drivers operated their trucks in the FMT 
FEEDBACK condition. The numeric feedback from the system was disabled during the 2-
week NO FEEDBACK period (control condition) while still collecting baseline objective 
data on lane tracking. Figure 4 below shows the SafeTRAC® camera. See Appendix A for 
photos of the SafeTRAC® feedback device, which displays a green line centered within two 
sets of painted lines: A solid vertical lane marker on the right (e.g., road shoulder), and the 
equal sign (=) on the left (e.g., dashed painted lane marker). The numeric value displayed is 
the algorithm-based alertness score from 0 (low alertness due to poor lane tracking) to 99 
(high alertness due to excellent lane tracking). 

 
 

 
 
Figure 4. SafeTRAC® lane-tracking monitor developed by AssistWare 
Technology. SafeTRAC employs a video camera mounted on the truck 
windshield (or truck podium) and coupled to a small computer that 
continuously analyzes the image of the road, lane markings, and other 
roadway features. (See Appendix A-1 for additional photos of SafeTRAC®, 
and Appendix B-1 on instructions to drivers regarding SafeTRAC®.) 
 

SafeTRAC 
video camera
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2.4 Howard Power Center Steering® system to reduce physical fatigue of driving 
 

The technology selected for reducing the physical work of controlling vehicle stability 
while driving was the Howard Power Center Steering® (HPCS) system (River City 
Products, Inc., San Antonio, TX). Unlike the other FMT technologies that were designed to 
provide feedback to drivers on their behavioral alertness relative to fatigue based on sleep 
and circadian biology, the HPCS system was designed to lessen physical fatigue associated 
with drivers “fighting” the steering wheel in cross winds (i.e., driver correction of vehicle 
instability and control problems). See Appendix A-1 for photos of the HPCS technology, 
and Appendix B-1 for how instruction in its use was provided to drivers.  
 
Heavy vehicle stability and control problems contribute to the “work” of driving a truck, 
inducing fatigue due to the often continuous amount of driver steering corrections needed 
to counteract the unstable behavior of the castered truck wheels. The physical workload 
associated with “fighting” the steering wheel in cross wind is particularly fatiguing to neck 
and shoulder muscles. There was a need to determine whether a technology that lessened 
this workload on drivers would result in less fatigue. The technology that best fulfilled this 
requirement and was tested in the pilot study was the HPCS system (see footnote 5). The 
HPCS involves a hydraulic device attached to a truck’s tie rod and steering system to 
reduce the physical demands of driving. The system consisted of two components: the 
Hydraulic Power Centering Cylinder and the Air Activated Hydraulic Pressure 
Accumulator (see Appendix A). The normal operation of the system was automatic and 
required little attention from the driver. The driver controlled the desirable hydraulic 
pressure on a panel by adjusting air pressure, which increased or decreased effectiveness of 
the system. The system could be turned off by the driver via a simple switch pressed to 
release air pressure in the accumulator (Figure 5). 
 
Unlike the SleepWatch®, the Copilot® drowsiness monitor, and the SafeTRAC® lane 
tracker, the Howard Power Center Steering®  system did not provide numeric feedback. 
Rather, this system was turned on in the FMT FEEDBACK condition and it was off in the 
NO FEEDBACK condition. When on, drivers could feel the steering wheel stability 
relative to when the system was off. Steering wheel variability was recorded electronically 
in both the FMT FEEDBACK (HPCS turned on) and NO FEEDBACK (HPSC turned off) 
conditions. Figure 5 displays HPCS in project trucks. 

 
 

 
HPCS control reservoir 

HPCS driver controls
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Figure 5. Howard Power Center Steering®  system.  HPCS controls located under a 
truck dash and the control reservoir tank. (See Appendix A-1 for additional photos of the 
HPCS system, including a schematic of the system.) 

 
3.0   Study Design  
 

The primary goal of the study was to determine whether information feedback from a 
combination of the more promising fatigue management technologies would (1) enhance 
truck driver alertness, especially during night driving, and (2) increase sleep time, while 
driving under current hours-of-service in the United States and Canada. As noted above, 
since it was neither cost-effective nor practical to conduct a separate study of each 
individual technology, the selected representative four FMT technologies were combined 
and tested as a set within in a single field trial that had two phases. Study Phase 1 (data 
collection in 2002) took place under Canadian hours-of-service, and involved a Canadian 
trucking company (Challenger Motor Freight, Ontario, Canada) in which volunteer drivers 
operated single tractor-trailer units with sleeper berths, and approximately 74% of their 
driving was conducted during daylight hours. Study Phase 2 (data collection in 2003) took 
place under U.S. hours-of-service, and involved a U.S. trucking company (Con-Way 
Central Express, Ann Arbor, Michigan) in which volunteer drivers operated tandem tractor-
trailer units without sleeper berths, and approximately 93% of their driving was conducted 
during nighttime hours. The difference between Canadian and U.S. trucking companies 
were in part a function of which companies agreed to be part of the study, as well as our 
goal to expressly study companies in which night driving was both a minority (Study Phase 
1) and a majority (Study Phase 2)  of trucking operations. 

 
To compare the effects of feedback from combined fatigue management technologies with 
no feedback from FMT technologies, a within-subjects cross-over design was used in both 
phases (countries) of the study. The design did not require manipulating or controlling what 
the participating companies and drivers did, what schedules the drivers adhered to, or what 
operating practices they actually followed. Rather, the FMT intervention and data 
collection were applied to existing routine trucking operations. Thus, for the comparisons 
of the effects of FMT FEEDBACK vs. NO FEEDBACK, volunteer drivers served as their 
own controls—undergoing both conditions under nearly identical circumstances.  
 
Each driver underwent the two conditions in the same order: 2-weeks of the NO 
FEEDBACK (baseline control condition) occurred first, followed by 2-weeks of the FMT 
FEEDBACK (intervention condition). Condition order was not counterbalanced because 
providing the NO FEEDBACK condition after the FEEDBACK condition would have 
involved a change in driver behavior carried over from the FEEDBACK condition (i.e., 
drivers might have opted to turn on the feedback information from devices while in the NO 
FEEDBACK condition). In contrast, by providing the NO FEEDBACK condition first, 
drivers engaged in their normal driving practices for 2 weeks, although their driving 
performance, drowsiness and sleep need were still recorded by the relevant FMT 
technologies (i.e., FMT devices were recording but not providing feedback). The NO 
FEEDBACK condition therefore served as a baseline against which the FMT FEEDBACK 
intervention was compared. Again, each driver participant was scheduled to undergo each 
condition (NO FEEDBACK and FEEDBACK) for a period of 14 days per condition (i.e., 
approximately 28 days total for study participation).   
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There were a number of considerations that went into selecting a design to address the 
specific aim and hypothesis. A cross-over (or treatment-by-treatment) design uses subjects 
as their own controls. It is efficient, and it has a number of advantages over an independent-
groups design. It ensures roughly the same inter-subject variability across both conditions 
(by and large the results of the study confirm this was the case). It provides an opportunity 
for subjects to explicitly compare and contrast conditions. It requires fewer subjects than an 
independent-groups design, which makes it more feasible from both cost and timeline 
perspectives. On the downside, a cross-over design necessarily burdens a smaller group of 
subjects with more recording time than would be the case in an independent-groups design. 
If too burdensome, subjects may fail to complete all conditions. This occurred to some 
extent in both phases of the present study, but was not a major problem.  

  
4.0 Subjects  
 

4.1 Informed consent 
 
 The subjects solicited for the study were experienced, licensed truck drivers working for 

either of two shipping companies (one in Canada and one in the U.S.), operating revenue 
delivery runs. For the dual purposes of compliance to protocol and risk mitigation, as well 
as the requirement that trucks be extensively instrumented for the study, drivers were 
solicited from only these two companies, both of which had excellent safety records. Driver 
solicitation was carried out only after the management of the companies gave permission 
for the study to be conducted on their drivers and trucks. However, it is important to note 
that while company management assisted in identifying potential volunteer drivers, they 
had no requirement for any driver to volunteer or participate in the project. Drivers’ 
participation in the project was strictly voluntary and had no bearing on the nature of their 
work, their pay or their relationship with management. Drivers were not compensated 
beyond their normal wages for participation in the study. They were each given a baseball 
hat, tee shirt, and tire gauge, as token gifts for participating in the study. All data acquired 
were kept in strictest confidentiality, and were not available to the companies. Fully 
informed consent was obtained from all volunteer drivers, and drivers were aware they 
could withdraw from the protocol at any time without jeopardy of job, pay or any other 
factor. Canadian drivers’ voluntary participation in the study met all requirements of the 
Canadian Research Ethics Board, while U.S. drivers’ voluntary participation in the study 
met all requirements of the Institutional Review Board of Walter Reed Army Research 
Institute. The protocol and informed consent forms was fully reviewed and approved 
separately by each of these Human Research Ethics Boards. No adverse events occurred 
during data acquisition in either Canada (Study Phase 1) or in the U.S. (Study Phase 2).  

 
 It is important to note that there is a vast array of practices in the amalgam referred to as 

“the trucking industry.” This pilot study did not seek to investigate every type of trucking 
operation or practice, nor did we intend the results to generalize to all aspects of the 
trucking industry in either Canada or the United States. Rather, the focus was specifically 
on determining whether FMT FEEDBACK affected truck drivers’ behaviors, and how they 
perceived the fatigue management technologies in the study. 

 
4.2 Sample size relative to study design 
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 The original project plan was to investigate the effects of FMT FEEDBACK in a total of n 

= 48 driver volunteers studied for a 2-week period (1 week in the NO FEEDBACK 
condition and 1 week in the FEEDBACK condition). Early on, however, concerns about 
volunteer rates, subject attrition, study equipment failures, and other factors associated with 
loss of data, as well as the limited resources and fixed timeline for the study, resulted in a 
design modification. The needed sample size was reduced to n = 24, but the periods for NO 
FEEDBACK and FEEDBACK were doubled to 2 weeks each. This resulted in no change 
in the total number of subject days FMT monitoring would occur in the study (i.e., n = 48 
drivers x 14 days of monitoring for each = 672 subject days; versus n = 24 drivers x 28 
days of monitoring each = 672 subject days). In addition, we markedly increased the 
resolution of the monitoring of driver and truck variables by using a black box recorder 
(AP+ see section 5.2.1) that recorded every variable every second a driver was driving (the 
original plan was to use 1 minute as the smallest temporal unit).  

 
 Thus, by using n = 24 subjects as their own controls, and ensuring a 60-fold increase in 

temporal resolution for driver and truck monitoring, over double (28 days) the number of 
days originally planned (14 days), we optimized the feasibility of the study relative to 
available resources and time, and minimized the risks posed to hypothesis testing by loss of 
data due to inadequate volunteering and equipment failure. This approach however, 
resulted in 60 times the volume of data than originally planned. That is, it yielded many 
millions of data values (on driver and truck performance variables), which we believe is the 
largest database ever to be objectively recorded for working truck drivers. Such a massive 
dataset required extensive data quality control procedures, which were implemented and 
followed throughout the study. As a result, a great deal of the reduced data results is 
contained in the more than 150 tables in Appendices C-F.  

 
4.3 Number of drivers volunteering in each study phase 
 
 A grand total of n = 39 drivers volunteered for the study (n = 27 from Challenger Motor 

Freight, Ontario, Canada; and n = 12 from Con-Way Central Express, Ann Arbor, 
Michigan, U.S.). One driver dropped out after being empanelled, which reduced the 
Canadian sample to n = 26 (20 males, 6 females), and the total sample to n = 38. 
Demographics characteristics of the volunteers as they pertain to truck driving experience 
are shown in Table 1. More drivers were empanelled than the target sample size of n = 24  
 
 

Table 1:  Characteristics of the Canadian and U.S. Truck Drivers 
Participating in Study  

Country n = Sex 
Age 

mean 
(yr) 

Age 
range 

(yr) 

Years 
at com-

pany 
(mean) 

Years at 
company 
(range)  

Years 
driving 
large 

trucks 
(mean) 

Years 
driving 

long 
haul 

(mean) 

Miles 
driven 

last year 
(mean) 

Canada 20 M 45.4 22-58  4.6 < 0.5 – 17  16.6 11.3 > 109K* 

Canada 6 F 35.3 22-50  4.0 < 0.5 – 15    2.1   1.6   > 76K 
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U.S. 12 M 46.9 32-57 11.5 6.5 – 18 23.7 18.0 > 99K 

TOTAL 38 84% 
male 44.2 22-58  6.7 < 0.5 – 18 16.6  11.9 > 100K 

*based on n = 18 (data missing from 2 male drivers) 
 
due to the need to compensate for the loss of data due to equipment failure. Equipment 
failure (see report Section 5.3) during the 4-week data acquisition study reduced specific 
comparisons between FEEDBACK and NO FEEDBACK conditions on some variables to 
sample sizes ranging between n = 15 and n = 25 drivers in the Canadian study phase, and 
between n = 7 and n = 12 drivers in the U.S. study phase. Therefore, when combining study 
phases, the hypothesis-testing sample size ranged between n = 22 and n = 38, depending on 
the variable being analyzed. As shown in Table 1, the majority of participating drivers were 
middle-aged males with many years experience driving long-haul.  

 
5.0 Procedures and Methods  

 
5.1 Safety instructions to drivers regarding fatigue management technologies 
 
 Drivers (and company officials, since they own the trucks) were told that the Sleep 

Watch®, the Copilot® (automated PERCLOS), and SafeTRAC® were prototype systems 
that offered promise as monitors of driver fatigue (the fourth component of the FMT 
combined system was the Howard Power Center Steering® (HPCS) system, which is not a 
prototype, but a marketed device that is already in use in some trucking and motorcoach 
operations). Drivers were instructed that the investigators were interested in their 
experiences and opinions of these systems (i.e., during the 2-week period of the FMT 
FEEDBACK condition when theses devices were providing feedback to drivers and when 
the HPCS® was engaged). Since three of the devices were prototypes, drivers were 
informed that the digital displayed feedback indications (e.g., lighted display numbers from 
0 to 99 provided by the Sleep Watch®, the Copilot®, and SafeTRAC® technologies) may 
not match their sense of how tired or alert they really are, and that they should use their 
own professional judgment regarding their alertness, fitness to drive, and need for rest, 
always staying within the applicable Federal hours-of-service.  

 
 Drivers were instructed to use the fatigue management technologies in a responsible and 

safe manner. The Informed Consent expressly stated, “Drivers are responsible at all times 
for managing their own levels of fatigue and alertness. Drivers must assess their own 
condition and use their own judgment rather than rely on the devices to make decisions 
about whether or not to drive.” It was emphasized in both conditions (NO FEEDBACK and 
FEEDBACK) that if they felt they were unfit to drive for any reason, they should stop 
driving, regardless of what the technologies indicated or the schedule or regulations 
permitted. Drivers therefore remained the ultimate arbiters of their ability to drive safely. 
The research team worked closely with companies and drivers to ensure that everyone 
involved understood that a driver should terminate driving if he or she felt unable or unfit 
to drive for any reason, in any condition (i.e., FEEDBACK or NO FEEDBACK). Thus, this 
study did not involve any explicit (or implicit) encouragement of drivers to violate the 
hours-of-service in country in which the drivers worked. 
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 This pilot study also did not manipulate or control work-rest schedules of drivers. Thus, no 
effort was made to control the development of driver “sleep debt,” which was not the focus 
of the study—any sleep debt experienced by drivers would be whatever normally occurred 
within their chosen lifestyle, within the operations of their company employer, and within 
what is possible through application of the hours-of-service in Canada or the U.S. Instead, 
the focus of this pilot study was on the extent to which FMT FEEDBACK altered lane 
tracking, slow eyelid closures, and sleep obtained within what Canadian hours-of-service or 
U.S. hours-of-service would allow.  

 
 In addition to volunteer drivers participating for 4 working weeks of data collection (2 

weeks with NO FEEDBACK followed by 2 weeks with FMT FEEDBACK), they also 
received at the beginning of the study 3 hours training on “Alertness and Fatigue 
Management” as well as training on each FMT hardware system deployed. They also 
participated in two structured human factors debriefing interviews (one at the end of the 2-
week NO FEEDBACK period and a final one after the 2-week FMT FEEDBACK period).  

5.1.1 Fatigue education module  
Education on Alertness and Fatigue Management was provided to all drivers enrolled 
in the study, after informed consent was given but before they drove the FMT-
instrumented trucks. Drivers were provided an approximately 3-hour course entitled 
“Mastering Alertness and Managing Driver Fatigue,” (sponsored by Federal Motor 
Carrier Safety Administration and the American Transportation Research Institute), 
which was prepared for this study and taught by Dr. G. Krueger of Krueger 
Ergonomics Consultants (see Appendix B-1). The 3-hour course was taught to four 
drivers at a time, 2-3 days before they were issued their instrumented trucks and 
before beginning their 4-week participation in the data collection portion of the study. 
The Education Module encouraged drivers to be responsible for their alertness levels 
and to use the information they gained through the module to their benefit.  

5.1.2 Confidentiality of data  
As mandated by the Human Subjects Ethics Committees in both Canada and the U.S. 
that reviewed and approved the protocol, participant drivers were informed that their 
data records from the study were kept confidential from their company and parties 
other than the project investigators. Each driver’s identity was codified with a unique 
ID number. The investigators did not report driver behavior to the company, but 
company dispatchers and driver managers were aware of participant drivers’ work-
rest behaviors, as they are routinely.  

 
5.2 Data acquisition procedures  

 
In the Canadian phase of the study, four Challenger Motor Freight trucks—all with single 
trailers—were instrumented with the FMT equipment and rigged for data collection. This 
included two each of the following kinds of trucks: Volvo Base Model VNL64T with 
HSS660 Full Integral Sleeper Cab, and Freightliner Model CST420 Conventional Chassis, 
set back front axle tractor, also with a sleeper berth. Challenger Motor Freight is an ISO 
900 company and also has been rated as one of Canada’s 50 best managed companies. It 
offers a wide array of transportation services, from truckload shipments across the 
continent and into Mexico, to local same day service, to warehousing and inventory 
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management. All trucking operations were out of Challenger’s terminal at Cambridge, 
Ontario, Canada. 
 
In the U.S. phase of the study, four Con-Way Central Express trucks were instrumented 
with FMT equipment and recording equipment for data collection. They were all Sterling 
Model MN-80 trucks with double trailers. Con-Way Central Express (CCX) is a regional 
motor carrier providing next and second-day service throughout 25 Midwestern and 
Northeastern states of the U.S. CCX is one of seven businesses that are part of Con-Way 
Transportation Services, Inc. Con-Way is a $2 billion company that provides time-definite 
and day-definite freight delivery, and logistics services for commercial and industrial 
businesses. See Appendix A-1 for photos of trucks used in both Canadian and U.S. study 
phases. Conway’s participating drivers departed and returned nightly from terminals at 
Hermitage, Pennsylvania or Lordstown, Ohio. 
 
As summarized above, the FMT system instrumented on all U.S. and Canadian trucks 
involved four technologies: (1) SleepWatch® with Sleep Management Model; (2) The 
Copilot® (automated PERCLOS monitor); (3) SafeTRAC® lane tracker; and (4) Howard 
Power Center Steering®  (HPCS) system. The first three technologies also recorded data 
without providing feedback to drivers. Therefore, they were used in both of the 2 weeks of 
NO FEEDBACK (control) condition, and the 2 weeks of FMT FEEDBACK (intervention) 
condition. Data used in hypothesis testing was obtained from the following four devices. 

5.2.1   Accident Prevention Plus (AP+) on-board recording device 
Trucks were instrumented with the AP+ black box on-board recording device to 
provide data every second the truck was running throughout the approximately 1 
month period each driver was studied (see footnote 5). Figure 6 displays the AP+ 
black box recording unit (see also Appendix A-1). The AP+ black box continuously 
recorded (every second for the 4 weeks of the study) measures derived from the 
following variable domains.  

• Drivers’ levels of alertness-drowsiness while driving based on measurements 
made by the Copilot®, which consisted of infrared detection of slow eyelid 
closures and a proprietary algorithm that yielded a numerical value for PERCLOS 
(Appendix B-1). 

• Copilot® feedback information on drowsiness as presented to the driver (only in 
the FMT FEEDBACK condition). These were recordings of the digital readout 
displayed to the driver representing his/her level of drowsiness from PERCLOS 
(percent slow eyelid closure)—Figure 3. 

• Lane tracking performance variables from SafeTRAC® (e.g., lane tracking score, 
and lane displacement), and drivers’ levels of alertness while driving based on 
measurements made by SafeTRAC® and integrated in its proprietary algorithm. 

• SafeTRAC® feedback information on driver alertness (only in the FMT 
FEEDBACK condition). 
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• AP+ recorded steering performance variables from strain gauge sensors mounted 
on the steering column and on the axle-wheel combination. This was done to 
evaluate the impact of the Howard Power Center Steering®  on driver steering 
performance.   

• AP+ was attached to trucks in a manner that permitted recording of driving 
performance variables that included speed; braking; and lateral acceleration. 

• AP+ also recorded time-of-day and ambient outdoor light. 
 

 
Figure 6. AP+® black box recording device mounted 
under truck dash. (See Appendix B-1 on instructions to 
drivers regarding use of the AP+ black box recording 
system.) 

 

5.2.2 Portable Psychomotor Vigilance Task (PVT-192) reaction time device for 
measuring behavioral alertness 
The PVT-192 device was not considered by investigators as an FMT technology, but 
rather it was provided to drivers for measurement of behavioral alertness levels. Thus, 
the PVT was used as an independent objective evaluation on drivers’ alertness- 
sleepiness. It does this by assessing drivers’ reaction times during a 10-minute visual 
vigilance task. Drivers were asked to complete the PVT 10-minute reaction time 
vigilance test at the midpoint and end of each driving workday. The PVT is a well-
validated 10-minute laboratory test of behavioral alertness that is widely used to 
obtain an estimate of performance limits in alert and drowsy subjects.9 It was 
developed and extensively validated through scientific research by D.F. Dinges and 
colleagues.10 The PVT-192 is the portable version of the task (Ambulatory 
Monitoring, Inc. Ardsley, NY). Appendix A-1 shows two sketches of the portable 
PVT-192 unit used in the study, and Appendix B-1 contains the instructions given to 
drivers regarding self-administration of the PVT at the midpoint and end of each 
driving workday (drivers only did the 10-minute test while the truck was stopped). 

                                                           
9 Dorrian, J., Rogers, N.L., Dinges, D.F.: Psychomotor vigilance performance: A neurocognitive assay sensitive to sleep loss. In Kushida, C. 
(Ed.), Sleep Deprivation. Marcel Dekker, Inc., New York, NY. 
10 Dinges, D.F., Powell, J.W.: Microcomputer analyses of performance on a portable, simple visual RT task during sustained operations. 
Behavior Research Methods, Instruments, & Computers 17 (6):652-655, 1985. Jewett, M.E., Dijk, D.J., Kronauer, R.E., Dinges, D.F.: Dose-
response relationship between sleep duration and human psychomotor vigilance and subjective alertness. Sleep 22 (2):171-179, 1999. 

AP+ black box 
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5.2.3 SleepWatch® actigraphic technology to record drivers’ sleep/rest times 
Information on drivers’ “performance fuel gauge,” which was the product of an 
algorithm based on sleep/rest times, and information on drivers’ “performance 
readiness” level (P = from 0% to 99%) were acquired from the Walter Reed Army 
Institute of Research SleepWatch® (Figure 1; Appendix A-1 and Appendix B-1). The 
SleepWatch® also provided basis actigraphic data every minute across the 4-week 
period of the study for each driver, which was used to estimate the sleep obtained by 
drivers during the NO FEEDBACK and FEEDBACK conditions. Such information 
served as a primary outcome for hypothesis testing. 

5.2.4 Daily diary booklet for drivers to record driving conditions, work, naps, etc. 
Drivers were provided a daily diary to record driving conditions (weather, slow 
traffic; hilly roads, crosswinds, waiting); work activities (loading and unloading; 
deliveries; etc.); rest breaks and naps; days off; reactions to FMT devices; and day 
and night activities (work, rest, sleep).  These diaries were used to enrich 
understanding and interpretation of the objectively recorded data from trucks (via 
AP+®) and drivers (e.g., SleepWatch® and PVT-192).  

5.2.5 Post-study Human Factors Structured Interview Questionnaire 
Drivers were administered a Human Factors Structured Interview Questionnaire 
(developed by G. Krueger) at the end of the 2-week NO FEEDBACK period, and 
again at the end of the 2-week FEEDBACK condition period. The questionnaire was 
administered in a structured interview debriefing session. It asked drivers to answer 
specific questions and provide their perspectives on the following interventions: 
Alertness and Fatigue Management Training Course; SleepWatch®; SafeTRAC®; 
Copilot®; Howard Power Center Steering®; Psychomotor Vigilance Task (PVT); and 
the combined Fatigue Management Technologies used in the study. 

 
5.3 Defining data records for statistical analyses 

 
Given the extraordinarily large volume of data gathered in the study, it was necessary to 
determine data management and variable extraction procedures that would ensure quality 
control of the data. Of particular concern was the need to utilize procedures that avoided 
including erroneous data values (especially data corrupted by equipment failure in the 
field—it is important to keep in mind that while all the equipment accompanied drivers 
during 4 weeks of work, no investigator or study technicians were present while drivers 
were on the road, and hence no one was present to prevent data loss or corruption from 
equipment damage due to the environmental conditions [e.g., vibration, heat, cold, rain, 
snow and ice] in which it was deployed).  
 
The data gathered from the AP+® black box recorder onboard trucks in Study Phase 1 
(Canada trucks) was used to illustrate the processes and procedures put in place to ensure 
data quality control. (Keep in mind that the AP+ data recorded every minute for 4-weeks of 
driving in every subject, was only a subset of the data—other large data sets were obtained 
from the SleepWatch®, PVT, Daily Diaries, and Human Factors Questionnaire.) The actual 
results for the Canadian study phase are presented later in section 6.0 of the report. In the 
following sections we detail data handling procedures and statistical methods that were 
applied to both Study Phase 1 (in Canada) and Study Phase 2 (in the U.S.).  
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In order to assess quality of the data arising from the two study phases, the same three 
hierarchical sample definitions were used to construct summary Figures. These three 
sample definitions were required to manage the analysis of the very large volume of data 
recorded by the AP+® system.  

• All AP+® data with no records excluded (6,472,457 total records among 26 drivers in 
Study Phase 1 in Canada, and 2,265,248 total records among 12 drivers in Study Phase 
2 in the U.S.). 

• AP+® data records in which speed was at least 30 mph (5,060,743 total records 
among 25 drivers in Canada, and 2,013,942 total records among 12 drivers in the 
U.S.). 

• AP+® data for speed ≥ 30 mph, artifacts eliminated and records within 
measurement range (4,748,278 total records among 20 drivers in Canada, and 
1,935,577 total records among 9 drivers in the U.S.). 

 
These hierarchical data sets from the Canada trucks are briefly described below to illustrate 
our data handling techniques. 

5.3.1 AP+® data with no records excluded  
The first sample of 6,472,457 total records from 26 Canadian drivers included all raw 
data and was constructed for comparison purposes only. A limited number of Figures 
for which the entire sample is relevant show data from all records. 

5.3.2 AP+® data in which speed was ≥ 30 mph  
The second sample definition eliminated records in which speed was recorded as less 
than 30 mph. This left 5,060,743 total records among 25 Canadian drivers. There 
were two reasons for this exclusion. The primary reason was that the study was 
designed to examine the effects of the fatigue management intervention in highway 
driving and ≥ 30 mph was the definition adopted by the study team for highway 
driving. The second reason was that most records with artifacts were eliminated by 
restricting attention to records recorded when vehicle speed was at least 30 mph. 
Appendix C-1 Data Quality Control (DQ) Figure 1 for the Canada study phase data 
provides the number and percentage of all AP+® records recorded with speeds of at 
least 30 mph, less than 30 mph but greater than 0.62 mph, and equal to 0.62 mph 
(Appendix C-2 has the comparable analyses for the U.S. study phase). The value 0.62 
mph was derived from conversion of 1 km/h, the value record by the AP+ system 
when the truck was standing still.  

5.3.3 AP+® data in which speed was ≥ 30 mph, artifacts removed and records within 
measurement range  
Careful examination of driver specific distributions of outcome variables recorded by 
the AP+® system in Study Phase 1 identified additional artifacts and problematic 
data among the remaining records with speeds at least 30 mph. These records were 
excluded on a case-by-case basis after careful evaluation, leaving 4,748,278 total 
records among 20 Canadian drivers. Reasons for exclusions of these records are 
documented in Appendices C-1 for Canada Study Phase 1 (see Appendix C-2 for 
similar data cleaning for the U.S. Study Phase 2). In addition, data from 6 Canadian 
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drivers were not included in the clean analysis sample because AP+® recorded data 
was only available under one of the two conditions (NO FEEDBACK or 
FEEDBACK), or because there was insufficient data under one of the two conditions 
to permit meaningful comparisons. Thus, final cleaned analysis samples from both 
Canada and the U.S. were defined on the basis of the subset of drivers with 
sufficient data under both conditions (FEEDBACK and NO FEEDBACK), 
restricting attention to records recorded at speeds of at least 30 mph, after 
excluding additional data found to be invalid, following careful examination of 
driver specific distributions.  

5.3.4 PVT data 
The drivers included in the cleaned analysis sample as defined above were utilized in 
analyses of the PVT performance data for consistency across data sources.  

 
5.4 Statistical methods 
 

5.4.1 AP+® recorded outcomes 
For each outcome variable recorded by the AP+® system, four analyses were 
performed to assess if there was a significant change from the NO FEEDBACK 
condition to the FEEDBACK condition within the Study Phase 1 in Canada, and 
again within Study Phase 2 in the U.S. These statistical methods are described below. 

5.4.1.1 Unweighted analysis for means and standard deviations 
The first analysis was implemented by computing unweighted mean values and 
standard deviation values across all records for a specific driver under a specific 
condition (NO FEEDBACK and FEEDBACK).  Mean values were compared 
for the following outcome variables: 

• Copilot® measures of PERCLOS during night hours mean (via AP+®) 
• SafeTRAC® Driver's Alertness mean (via AP+®) 

Standard deviations were compared for the following outcome variables: 
• AP+® Lateral distance standard deviation 
• AP+® Steering wheel movements standard deviation 
• AP+® Front wheel movements standard deviation  

Then within-driver change scores were computed. Paired t-tests were performed 
to assess the statistical significance of the changes in means or standard 
deviations as appropriate.   

5.4.1.2 Weighted analysis 
The second analyses introduced two weighting factors.  First, when computing 
the within driver and condition mean, median, standard deviation, and 
interquartile range values, records were replicated if they corresponded to more 
than 1 second in duration. In this way, for example, records with durations that 
were 3 seconds contributed a weight 3 times greater than records with durations 
of 1 second.  
  
Even accounting for record duration, drivers varied greatly with regard to the 
total duration of data in the cleaned analysis sample. Drivers with greater total 
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durations under both conditions contribute more information with regard to 
intervention effects.  In contrast, a driver with a short duration under one of the 
conditions contributes less information about within driver changes. To account 
for this, and to optimize the ability to consider both within-subjects and 
between-subjects sources of variance, mixed model analyses of variance were 
used to compare mean (duration-weighted) values between the NO 
FEEDBACK and FEEDBACK conditions, weighting by the total number of 
available records (separately by condition).  This is referred to in the Figures in 
the Results section as the “doubly-weighted” analyses. All mixed model 
analyses were implemented using the Proc. Mixed procedure available in 
SAS11. 

5.4.1.3 Unweighted analyses for median or interquartile ranges 
The analyses were repeated that summarized the NO FEEDBACK and 
FEEDBACK distributions of Copilot® PERCLOS during night hours and 
SafeTRAC® Driver's Alertness by median values rather than mean values, in 
order to provide summaries of the center of these distributions that are less 
sensitive to outliers and skewness. Similarly, AP+® Lateral distance, AP+® 
steering wheel movements, and AP+® front wheel movements were 
summarized using interquartile ranges (IQR) instead of standard deviations. The 
IQR is defined as the difference between the 75th percentile value and the 25th 
percentile value) and is less influenced by extreme values than the standard 
deviation. Both the paired t-test and mixed model weighted analyses were 
performed on the median and the interquartile range for each variable (which 
are the nonparametric alternatives to the mean and standard deviation). 

5.4.2 Psychomotor vigilance task (PVT) outcomes 
Mixed model analyses of variance12 was used to assess the significance of the 
intervention effect (NO FEEDBACK vs. FEEDBACK), controlling for time-of-day 
category (day, evening, night). The initial model included fixed effects for time-of-
day (morning, evening, night), presence vs. absence of feedback, and time-of-day by 
feedback interaction. It also included a random effect for driver to account for 
correlations within driver.  

5.4.2.1 Reliability assessment using adjusted ICC 
The interaction model (i.e., feedback condition, time-of-day, time-of-day by 
feedback condition) was used to compute an adjusted intraclass correlation 
(ICC). The intraclass correlation is the proportion of total variance explained by 
systematic differences among drivers after accounting for time-of-day and 
feedback condition effects.13 PVT performance outcomes (e.g., median RT) are 
known to have relatively high ICC values (i.e., stable inter-individual variance). 
Assessment of ICC was taken as a quality control procedure and to document 

                                                           
11 SAS Institute Inc., SAS OnlineDoc®, Version 8, Cary, NC: SAS Institute Inc., 1999.  
12 Burton P, Gurrin L, Sly P. Extending the simple linear regression model to account for correlated responses: An introduction to generalized 
estimating equations and multilevel mixed modeling. Stat Med 1998;17:1261-91. Van Dongen HPA, Olofsen E, Dinges DF, Maislin G. Mixed-
model regression analysis and dealing with inter-individual differences. In: Johnson ML, Brand L, eds. Numerical Computer Methods (part E). 
San Diego: Academic Press 2004:139-171. 
13 Fleiss JK, The Design and Analysis of Clinical Experiments, New York: John Wiley & Sons, 1986, Chapter 1. 



 

 19

the ability of this study to obtain reliable PVT performance assessments in the 
field. 

5.4.2.2 The test for time-of-day by feedback interaction 
The same model used to determine the ICC’s was used to examine whether 
differences between responses obtained during the NO FEEDBACK and 
FEEDBACK conditions varied by time-of-day.  A p-value of 0.10 was 
employed because of the low power inherent in tests for interaction.   

5.4.2.3 The simple and main effects  
If p ≥ 0.10 then the interaction terms were removed from the model and the 
feedback effects and time-of-day effects were tested as main effects in the 
ANOVA model. If p < 0.10, we concluded that differences between the NO 
FEEDBACK and FEEDBACK conditions significantly varied by time-of-day.  
Therefore, separate mixed models were used to test for feedback effects at each 
time-of-day interval (day, evening, night). 

5.4.3 SleepWatch® (actigraphy + mathematical model) outcomes 
Daily mean values were analyzed for variables derived from the SleepWatch®.  
Mixed model analyses of variance were used assess the significance of the fixed 
intervention effect. Random effects included between and within driver variance, 
which were used to compute intraclass correlations. 

 5.4.4 Daily sleep diary and Human Factors Structured Interview Questionnaire 
Descriptive statistics were used for analyzing the drivers’ daily diary and post-
experimental responses to the Human Factors Structured Interview Questionnaire. 

 
6.0 Results of Feedback from FMT Technologies: Canada Phase 
 

As described above, Study Phase 1 (data collection in 2002) took place under Canadian 
hours-of-service, and involved a Canadian trucking company (Challenger Motor Freight, 
Ontario, Canada) in which volunteer drivers operated single tractor-trailer units with 
sleeper berths, and approximately 26% of their driving was conducted during nighttime 
hours (74% in daylight hours). Study phase 2 (data collection in 2003) took place under 
U.S. hours-of-service, and involved a U.S. trucking company (Con-Way Central Express, 
Ann Arbor, Michigan, U.S.) in which volunteer drivers operated tandem tractor-trailer units 
without sleeper berths, and approximately 93% of their driving was conducted during 
nighttime hours (7% in daylight hours). The difference between Canadian and U.S. 
trucking companies were in part a function of which companies agreed to be part of the 
study, as well as our goal to expressly study companies in which night driving was both a 
minority (Study Phase 1) and a majority (Study Phase 2)  of trucking operations. For these 
reasons the Canada study phase and U.S. study phase were analyzed separately for the 
effects of FMT FEEDBACK on driving and alertness outcomes, before being combined 
(later sections). This section presents the results for the Canada Study Phase 1. As 
described above, a total of n = 27 drivers completed the study in Canada. The following 
sections provide the results of the study for each group of outcomes. (NOTE: To avoid 
breaking up the text with the large number of data tables, we opted to locate all of the data 
tables the end of the report.)    
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6.1 Copilot® (PERCLOS), SafeTRAC®, and AP+®  truck outcomes: Canada Phase 

 
Table 2 provides the unweighted analyses of changes in mean values for NO FEEDBACK 
and FEEDBACK conditions (i.e., paired comparisons), for changes in standard deviations 
(variability) for PERCLOS at night (recorded by the Copilot®) and for the SafeTRAC® 
Driver Alertness score, as well as for the changes in standard deviations for lateral distance, 
for steering wheel movements, and for front wheel movements (all recorded directly by the 
AP+®). The bottom portion of the Table also shows the results of analyses on AP+® 
variables for truck movement (speed, engine rotation, X and Y acceleration), and ambient 
light level. Table 3 summarizes the mixed model (doubly weighted) analyses for the same 
parameters as Table 2. Table 4 provides the unweighted analyses of changes in median 
values for these same variables, as well as for the changes in the interquartile ranges (IQR) 
for these variables. Table 5 summarizes the mixed model (doubly weighted) analyses for 
the medians and IQR for the same variables listed in Table 4.  The sum of total hours 
during the NO FEEDBACK and FEEDBACK conditions used as weighting factors in the 
mixed models are contained in Table 6. The results in these Tables are discussed below in 
subsections. 

6.1.1 Analyses of PERCLOS (from Copilot®) during night driving ≥ 30 mph 
PERCLOS (percent slow eyelid closure) obtained from the Copilot® technology 
during night driving above 30 mph was a primary outcome variable for hypothesis 
testing. It was defined in the analysis plan as the “average numeric indication of 
drowsiness during night drive time.” In Table 2, the unweighted analysis of mean 
PERCLOS is presented. Four drivers were excluded from this analysis. Drivers 1 and 
13 had no PERCLOS values available at night in the cleaned analysis sample. Drivers 
12 and 17 only had PERCLOS values available at night in the NO FEEDBACK 
condition. In Table 2, the mean PERCLOS value in the NO FEEDBACK condition 
was 6.65. (This value differs from that found in the last row of Data Quality Table 25 
[Appendix C-1] which is 6.3. This is because Data Quality Table 25 includes Drivers 
12 and 17 in this computation.) The mean PERCLOS value at night during the 
FEEDBACK condition was 5.03. The mean difference in the unweighted mean 
PERCLOS values at night was -1.63 (SD = 3.85) with minimum and maximum 
values of -10.52 and 2.80, respectively. A paired t-test for the null hypothesis that the 
mean difference is zero resulted in a non-significant p = 0.112. The mean difference 
and standard deviation of differences corresponds to a standardized effect size14 of -
1.63/3.85 = 0.423.  Two-sided paired t-tests require sample sizes of at least n = 46 to 
obtain at least 80% power to reject the null hypothesis of a mean difference equal to 
zero (assuming a two-sided α=0.05 test).15  
 
As shown in Table 3, when the analysis was repeated, weighting records by record 
duration and weighting observations used in the summary analysis by the total 
number of records available, the mean difference was -1.60 (SE = 0.91) with  
p = 0.094. Thus, the unweighted and weighted analyses provided some evidence 
that drowsiness as measured by the Copilot® index of PERCLOS (i.e., slow eyelid 

                                                           
14 Cohen J. Statistical Power Analysis for the Behavioral Sciences, 2nd Ed. Hillsdale: Lawrence Erlbaum; 1988, 8-14. 
15 Elashoff JD: nQuery Advisor Version 4.0 User’s Guide, Los Angeles, CA: Dixon Associates, 2000. 
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closures) during night hours was reduced under the FEEDBACK condition 
compared to the NO FEEDBACK condition in drivers participating in the Canada 
study phase. Table 4 displays the results of repeating the unweighted analysis, but 
instead of comparing average changes in mean PERCLOS values, the analysis is 
based on average changes in the median values of the PERCLOS distributions. The 
average medians during the NO FEEDBACK and FEEDBACK conditions were 3.88 
and 3.00, respectively. The mean change (SD) in the median values was -0.88 (2.31) 
with minimum and maximum values of -7.0 and 3.0, respectively.  The paired t-test 
yielded p = 0.15. 

6.1.2 Analyses of “driver alertness” (from SafeTRAC®) during driving ≥ 30 mph 
The second primary outcome variable used in hypothesis testing was obtained from 
the SafeTRAC® technology during all driving above 30 mph. This was the 
SafeTRAC® output labeled “Driver Alertness” as estimated by a proprietary 
algorithm involving lane tracking. The unweighted mean values under NO 
FEEDBACK and FEEDBACK conditions were 82.58 and 81.80 (see Table 2), 
respectively for a mean difference (SD) of -0.78 (1.943) and minimum and maximum 
values of -4.93 and 2.32, respectively.  A paired t-test for the null hypothesis that the 
mean difference is zero had a p-value of 0.107. Since larger values indicate greater 
alertness, these findings were not consistent with those found for PERCLOS at night. 
However, the weighted estimate of the mean change in SafeTRAC alertness was        
-0.24 (SE = 0.47) with p = 0.620 (see Table 3), suggesting no systematic difference in 
SafeTRAC® scores for its algorithm predicted “driver alertness” variable, between the 
NO FEEDBACK and FEEDBACK conditions in the Canada study phase.  
 
When the analyses were repeated using median Driver Alertness scores from 
SafeTRAC®, the unweighted medians were 83.78 and 82.39 (see Table 4). The mean 
change (SD) in the median value was -1.39 (SD = 2.12) with minimum and maximum 
values of -6.0 and 1.0, respectively.  The paired t-test yielded p = 0.013. In contrast to 
the analysis of mean, the weighted analysis using the mixed model retained its 
statistical significance with p = 0.005 (see Table 5). Thus, these data appear to 
suggest a statistically significant decrease in the SafeTRAC® index of driver 
alertness during the FEEDBACK condition, compared to the NO FEEDBACK 
condition.  This result was contrary to PERCLOS findings and contrary to our 
hypothesis that feedback would improve lane tracking. 
 
One explanation for the inconsistency between SafeTRAC® estimates of driver 
alertness for driving at all times, and Copilot® estimates of driver drowsiness 
(PERCLOS) at night, is the different time frames from which data were acquired.   
Although not part of the original analysis plan, analyses of the Copilot® PERCLOS 
and SafeTRAC® driver alertness variables contained in Tables 2-5 were repeated, 
restricting attention to records in which the daylight indicator showed that driving 
was at night. Results are summarized in Tables 7 to 10 with the total duration 
weighting factors summarized in Table 11. The slight decrease in SafeTRAC® driver 
alertness values reflected in the SafeTRAC® alertness scores (Tables 4 and 5) was 
obliterated when restricting analyses to nighttime driving (Tables 7 to 10). No other 
substantial findings emerged. Consequently, there was no evidence that the 
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statistically significant small decrease in SafeTRAC® estimates of driver alertness 
during the FEEDBACK condition (relative to the NO FEEDBACK condition) was 
due to drowsy driving at night in the Canada study phase. It is unknown what aspect 
of daylight driving could have contributed to the SafeTRAC® algorithm values of 
slightly reduced “driver alertness” scores during daylight driving.  

6.1.3 Analyses of Lane Tracking Variability (from SafeTRAC®) during driving ≥ 30 
mph 
The third primary outcome measure used in hypothesis testing was Lane Tracking 
Variability obtained from the SafeTRAC® technology during all driving above 30 
mph. Two measures of variability were examined: Lateral Distance Standard 
Deviation (see Tables 1 and 2), and Lateral Distance Interquartile Range (see Tables 
3 and 4). All statistical comparisons between FEEDBACK and NO FEEDBACK 
conditions were not significant. Thus, there was no evidence of reliable differences 
between conditions for the unweighted (Tables 2 and 4) or weighted (Tables 3 and 
5) analyses for either the standard deviation or IQR measures of lane tracking in 
the Canada Study Phase.  

6.1.4 Analyses of Steering Wheel and Front Wheel Movement Variability (from 
AP+®) during driving ≥ 30 mph 
A fourth class of outcomes also evaluated relative to the primary hypothesis were 
steering wheel mean variability and front wheel movement variability obtained from 
the AP+® system during all driving above 30 mph. Although mean and median 
steering wheel standard deviations and interquartile ranges tended to decline in the 
FEEDBACK condition, the differences were not statistically significant between the 
NO FEEDBACK and FEEDBACK conditions (Tables 2-5). The front wheel 
movement variability changes were smaller and also not statistically significant. 
Therefore, there were no statistically reliable differences between conditions for 
measures of steering wheel variability in the Canada study phase. 
 
It was expected that the Howard Power Center Steering®  (HPCS) system, which 
was to be used by drivers in the FEEDBACK condition, but not in the NO 
FEEDBACK condition, would have significantly reduced steering variability in the 
former relative to the latter. Since this outcome did not occur according to the 
steering data provided by the AP+® system, we examined whether drivers used the 
HPCS system and what reactions they had to the system. Data Quality Control Table 
28 and 29 (Appendix C-1) revealed that the AP+® system logged in that only 8 
drivers in the Canada study phase had the HPCS system on (1 = in use) for any period 
of time in the FEEDBACK condition, and that 7 of these 8 drivers also had the HPCS 
system turned on for some portion of the time in the NO FEEDBACK condition. 
Consistent with the protocol, the AP+® system logged that 12 drivers had the HPCS 
system off (0 = not in use) throughout the NO FEEDBACK condition. These data—
namely that only a third of drivers used the HPCS system in the FEEDBACK 
condition—are doubtful however, and likely false due to technical interface problems 
between HPCS system sensors and the AP+® system. Both experimenters and 
drivers confirmed that virtually all drivers avoided using the HPCS system in the NO 
FEEDBACK condition, and they used it in the FEEDBACK condition. Moreover, 
drivers’ responses on the Human Factors Structured Interview Questionnaire confirm 
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their adherence to proper use of the HPCS system (see Section 10.0).  Not only did 
virtually all drivers indicate they used the HPCS system only during the FEEDBACK 
condition, but drivers rated the Howard Power Center Steering® system higher than 
SafeTRAC®, SleepWatch®, and Copilot® (PERCLOS) systems (Tables 77-79). 
There is no obvious explanation to reconcile the high rate of driver satisfaction with 
the Howard Power Center Steering® system relative to the low rate of driver use of 
the system as indicated by the AP+® system. We believe the problem was with the 
steering sensors used to inform the AP+ system that the HPCS was being used. These 
seemed to have failed or transmitted faulty information in many instances in which 
the HPCS was actually used in the Canada study phase. We had no evidence that 
either the HPCS or AP+ technologies were not working correctly. Hence, we believe 
the drivers’ extensive reports (confirmed by experimenters) of regular use of HPCS 
during the FEEDBACK condition are accurate, and that HPCS functioned 
reliably, but there were problems transmitting reliable steering sensor data to the 
AP+ black box recorder in the Canada study phase. 

6.1.5 Analyses of Truck Motion Variables (from AP+®) during driving ≥ 30 mph 
For completeness, the other AP+® parameters were subjected to the same analyses.  
These included truck motion variable (vehicle speed, engine rotation, longitudinal 
acceleration [X], lateral acceleration [Y]), and ambient light.  Differences for these 
variables were not a priori hypothesized to be different between NO FEEDBACK and 
FEEDBACK conditions, and this was the case for all truck motion variables in the 
Canada study phase (Tables 2-5). Ambient light level was slightly higher in the 
FEEDBACK condition (Tables 2 and 3).  
 

6.2 Psychomotor Vigilance Task (PVT-192) performance outcomes: Canada Phase 
 

As described in the Methods section, drivers were provided with a portable psychomotor 
vigilance task (PVT-192) test device while on the road, to provide information on their 
behavioral alertness as assessed by reaction-time (RT) based vigilance performance at the 
midpoint and end of each driving workday. The PVT is a well-validated 10-minute 
laboratory test of behavioral alertness that is widely used to obtain an estimate of 
performance limits in alert and drowsy subjects. It was hypothesized that relative to the NO 
FEEDBACK condition, FMT FEEDBACK would reduce PVT performance lapses, 
improve median RT performance, and reduce subjective sleepiness (as measured by a 
visual analog scale [VAS] drivers completed at the end of each PVT task trial).  

6.2.1 PVT-192 performance variables 
PVT results in the NO FEEDBACK and FEEDBACK conditions for day, evening 
and nighttime tests in the Canada study phase are summarized in Table 12. The total 
numbers of 10-minute PVT trials in the NO FEEDBACK condition during the 
daytime, during the evening, and at night were 98 trials, 109 trials, and 73 trials, 
respectively, among the 20 drivers in the cleaned analysis sample from the Canada 
study phase. Similarly, in the FEEDBACK condition, there were 80 trials, 84 trials, 
and 53 trials during the day, evening, and nighttime intervals, respectively. Not all 
drivers had trials in all time intervals. The patterns of available data as well as 
descriptive statistics for each PVT parameter are provided in the PVT descriptive 
Tables (see PVT Table 1 in Appendix D-1). From this Table it can be seen that during 
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the NO FEEDBACK condition, 19 of 20 drivers had at least one trial during the day, 
19 of 20 had at least one trial during the evening, and 15 of 20 had at least one trial 
during the night. Similarly, during the FEEDBACK condition, 18 of 20 drivers had at 
least one trial during the day, 18 of 20 drivers had at least one trial during the 
evening, and 14 of 20 had at least 1 trial during the night.  
 
With rare exception, drivers’ responses on the PVT were indicative of high 
compliance to task instructions. Typical healthy alert adults performing a 10-minute 
PVT test under controlled laboratory conditions have fastest reaction times averaging 
between 190 ms (milliseconds) and 210 ms; median reaction times averaging between 
240 ms and 255 ms; fewer than 4 lapses per 10-minute test trial (i.e., lapse defined as 
an RT ≥ 500 ms); and fewer than 5 response errors (i.e., false starts). Table 12 (and 
PVT Descriptive Data Tables 1-4 in Appendix D-1) revealed that the Canada 
volunteer drivers performed within these normative limits approximately 80% of the 
time. Comparably high compliance data on the PVT were obtained from the U.S. 
volunteer drivers (see Appendix D-2).  
 
The analysis plan indicated that the total number of vigilance lapses, median 
response time, and subjective sleepiness by visual analog scale at the end of each 
PVT trial were to be considered the primary PVT outcome variables. The 
remaining variables were analyzed as secondary outcome variables.  

6.2.1.1 Mixed model analyses of PVT-192 responses: Lapses (RTs ≥ 500 ms) 
The intraclass correlation for PVT raw lapses was 0.473 (p = 0.0018), which 
indicates that 47.3% of the variance among the number of vigilance lapses was 
attributable to systematic differences among Canadian drivers after accounting 
for time-of-day effect and fatigue management condition effect. As shown in 
Table 12, the interaction between time-of-day and fatigue management 
condition (NO FEEDBACK vs FEEDBACK) was statistically significant (F = 
5.78, df = 2, 24, p = 0.009).  Thus, the differences in the mean number of lapses 
between PVT trials during the NO FEEDBACK condition and the FEEDBACK 
condition significantly varied between trials during the day, evening, and night.  
During daytime trials, the model predicted mean number of lapses per trial 
during the NO FEEDBACK and FEEDBACK conditions was 1.95 and 3.89, 
respectively (t = 4.49, df = 16, p = 0.0004). During evening trials, the model 
predicted numbers of lapses per trial during the NO FEEDBACK and 
FEEDBACK conditions were 1.66 and 2.30, respectively (t = 2.10, df = 16, p = 
0.052). In contrast, during night trials the model predicted fewer lapses (albeit 
not statistically significant) in the FEEDBACK condition compared to the NO 
FEEDBACK condition (2.51 vs. 2.34; t = -1.02, df = 10, p = 0.332).   

Thus, total numbers of PVT lapses significantly increased during the daytime 
and evening period in the FEEDBACK condition relative to the NO 
FEEDBACK condition. However, there were no differences between 
FEEDBACK and NO FEEDBACK conditions in total lapses per trial at night. 
That lapses (long reaction times) on the PVT performance test were found to 
occur more at night is consistent with extensive data showing that performance 
on the PVT is more likely to be reduced when drowsiness is high, and this is 
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more likely at night that during daytime or evening. The surprising finding in 
the Canadian study phase that lapses were elevated in the daytime and evening 
in the FEEDBACK condition (relative to the NO FEEDBACK condition) is 
consistent with the SafeTRAC® “driver alertness” results reported above (i.e., a 
statistically significant but small decrease in SafeTRAC® estimates of driver 
alertness during the FEEDBACK condition—relative to the NO FEEDBACK 
condition—that was not due to any difference at night time).  

6.2.1.2 Mixed model analyses of PVT-192 responses: Median reaction times 
The intraclass correlation for PVT median response time was very large (ICC = 
0.701; p = 0.001). Thus, repeated assessments of median response times within 
drivers tended to be very similar. As with total raw lapses, differences between 
the NO FEEDBACK and FEEDBACK conditions varied by time-of-day (F = 
3.38, df = 2,24, p = 0.051).  During daytime trials, the model predicted PVT 
median response time during the NO FEEDBACK and FEEDBACK conditions 
were 246 ms and 257 ms, respectively (t = 3.54, df = 16, p = 0.003). During 
evening trials, the expected median response times during the NO FEEDBACK 
and FEEDBACK conditions were 245 ms and 254 ms, respectively (t = 2.98, df 
= 16, p = 0.009). Similar to total lapses, during PVT trials at night, the model 
predicted median response time was slightly lower in the FEEDBACK 
condition compared to the NO FEEDBACK condition but the difference was 
not statistically significant (256 ms vs. 255 ms; t = -0.19, df = 10, p = 0.851). 
Thus, Canada study phase results for PVT median response time were 
consistent with those found for PVT total raw lapses. There appeared to be a 
significant worsening of performance during the FEEDBACK condition during 
day and evening hours with a very slight but not statistically significant benefit 
to performance during night hours.   

6.2.1.3 Mixed model analyses of PVT-192 responses: Post-PVT sleepiness rating  
The intraclass correlations for the subjective post-PVT sleepiness visual analog 
(VAS) ratings was smaller than for PVT lapses and median response time, but 
was still statistically significant (ICC = 0.289; p = 0.003). Again, significant 
interaction was observed (F = 3.72, df = 2, 24, p = 0.039). Table 12 reveals that 
the pattern of the interaction was somewhat different for this subjective measure 
of sleepiness compared to the objective performance measures described above.  
There was no significant difference in expected values between the NO 
FEEDBACK and FEEDBACK conditions during the daytime trials (5.57 vs. 
5.92; t = 0.22, df = 16, p = 0.826) and during the evening trials (6.56 vs. 6.16;    
t = -0.52, df = 16, p = 0.608). However, during the nighttime trials, the expected 
subjective sleepiness was significantly higher during the NO FEEDBACK 
condition compared to the FEEDBACK condition (7.56 vs. 6.18; t = -3.20, df = 
10, p = 0.009). This finding of reduced subjective sleepiness observed for the 
post-PVT test sleepiness VAS rating was also observed for the pre-PVT 
subjective sleepiness rating (see bottom of Table 12). Thus, in terms of 
sleepiness ratings taken before and after PVT-192 test trials in the Canada study 
phase, the FEEDBACK condition appeared to reduce subjective sleepiness at 
night, relative to the NO FEEDBACK condition. This finding is consistent with 



 

 26

Copilot® data on PERCLOS showing that there was less subjective sleepiness 
at night during the FEEDBACK condition.    

6.2.1.4 Mixed model analyses of PVT-192 responses: Secondary PVT Outcomes 
Results for the secondary PVT outcomes (fastest 10% RTs; slowest 10% RTs; 
response errors, etc.) are summarized in Table 12. Results from the secondary 
objective measures were generally similar to those observed for the primary 
PVT outcome variables. 

 
6.3 SleepWatch® (Actigraphy) and Sleep Management Model outcomes: Canada Phase 

  
It was hypothesized that FMT FEEDBACK would result in objectively more sleep 
(actigraph determined). Table 13 provides the results of the mixed model ANOVA 
comparisons between the NO FEEDBACK condition and FEEDBACK condition for 
SleepWatch® (actigraphy) and Sleep Management Model variables. Random effects 
including intraclass correlations are summarized in Table 14. ICC values adjusted for 
feedback condition were generally large and statistically significant for all actigraphy 
outcomes demonstrating consistency within driver over time. Within the Canada study 
phase, none of the actigraphy outcomes demonstrated systematic changes between the 
NO FEEDBACK and FEEDBACK conditions (Table 13). However, more thorough 
analyses later in this report, in which actigraph-defined sleep data were combined across 
Canada and U.S. study phases and divided into Workday and Non-Workday periods, 
showed marked effects of FMT FEEDBACK on Non-Workday sleep durations (see 
Section 9.0). 
 

6.4 Daily diary outcomes: Canada Phase 
 

 Drivers were provided a daily diary (see Appendix B-1) to record driving conditions 
(weather, slow traffic, hilly roads, crosswinds, waiting); work activities (loading and 
unloading, deliveries, etc.); rest breaks and naps; days off; reactions to FMT devices; and 
day and night activities (work, rest, and sleep). Daily Diary data Tables 1 to 25 (see 
Appendix E-1) provide per driver quantitative summaries of the diary data for the 20 
drivers in the cleaned analysis sample for the Canadian study phase (see Appendix E-2 for 
comparable diary data from the U.S. study phase).  

 
 Three types of Daily Diary variables were summarized. Data were tabulated a number of 

ways, according to type of variable. The first was the proportion of days in which at least 
one event of a specific type was reported (e.g., a long delay in traffic). Proportions were 
summarized by FMT condition (FEEDBACK vs NO FEEDBACK). The second type of 
variable was the number of events per day. The descriptive diary Tables summarize the 
distributions over days for each driver separately for the NO FEEDBACK and 
FEEDBACK conditions. The third type of variable was the cumulative duration for the 
events summarized by frequency per day. These are also summarized in the Diary Tables 
(Appendix E-1 and E-2). 

 
 Descriptive analyses comparing the NO FEEDBACK condition to the FEEDBACK 

condition were performed for the mean and median cumulative duration variables (Table 
15) and for the mean and median frequency per day variables (Table 16). In general, 
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systematic differences between conditions did not emerge with the noteworthy trend for the 
mean cumulative daily in-vehicle nap duration, which increased from 1.58 hours per day in 
the NO FEEDBACK condition to 1.96 hours per day in the FEEDBACK condition (p = 
0.117).  The mean (SD) difference was 0.37 (0.99), reflecting a standardized effect size of 
0.39. A sample size of at least n = 54 would be necessary to achieve at least 80% power to 
reject the null hypothesis of no change in mean daily cumulative in vehicle nap duration 
assuming a two-sided α = 0.05 test. A one-sided test for research hypothesis of increased 
mean cumulative sleep/nap durations would require n = 43 drivers. Thus, it appears that 
there was no evidence from drivers’ daily diaries to support the hypothesis that FMT 
FEEDBACK resulted in increased sleep time relative to NO FEEDBACK. Again, however, 
later analyses on actigraphically-defined sleep durations from both study phases revealed a 
clear positive effect of FMT FEEDBACK on Non-Workday sleep duration (see Section 
9.0).   

 
7.0 U.S. Phase 
 

This section of the report presents the results for U.S. Study Phase 2 of the project, as well 
as combined results for both Study Phases 1 and 2. The U.S. Study Phase 2 of the project, 
which was completed after the Canada study phase, was designed to assess the effects of 
the FMT FEEDBACK on fatigue and performance outcomes with an emphasis on night 
driving. This emphasis was based on interpretations of results from the Canadian study 
phase, as well from expert assessments of potential FMT utility during nighttime driving 
relative to daytime driving. Moreover, frequent nighttime driving is more likely to be 
associated with fatigue based on sleep and circadian biology. However, drivers in the 
Canada study phase operated single tractor-trailer units with sleeper berths and had only a 
minority of their drive time at night (approximately 26%). Consequently, we sought to 
evaluate U.S. drivers who drove frequently at night.  
 
Study Phase 2 relied on volunteer drivers from Con-Way Central Express (Ann Arbor, 
Michigan, U.S.). They operated tandem tractor-trailer units without sleeper berths, and 
approximately 90% of their driving was at night. This can be seen in Data Quality Control 
Table 29 (Appendix C-2), which summarizes the numbers of records in the cleaned 
analysis sample in which the AP+ Day Light sensor indicated nighttime driving (sensor 
value = 0) or daytime driving (sensor value = 1). Therefore, the data analyses in U.S. Study 
Phase 2 were restricted to nighttime driving.   
 
Table 17 in the main report reveals differences between the Canadian and U.S. drivers as a 
function of the time-of-day they tended to drive, their different truck configurations, and 
other operational differences between their respective companies. The Table displays the 
Daily Diary data on the mean proportion of days on which certain conditions and activities 
occurred on average across drivers in the Canada and U.S. study phases, as well as for the 
NO FEEDBACK and FEEDBACK conditions of each. While “weather problems” occurred 
in both study phases, the U.S. drivers experienced traffic delays and slow moving traffic 
much less frequently than did their Canadian counterparts. This is consistent with 
differences between daytime and nighttime driving. While Canadian drivers frequently 
napped in their sleeper berths for an average of more than 1.5 hour, U.S. drivers napped 
less frequently and when they did it is was typically only a few minutes and not in a sleeper 
berth, since (unlike Canadian drivers) no berth was available. The combination of night 
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driving, daytime sleep, and limited nap opportunities over the road, resulted in the U.S. 
study phase drivers obtaining less sleep during workdays than the Canada study phase 
drivers. This was the case as detailed below in Section 9 below. 

 
7.1 Summary of available data in U.S. Phase 

Twelve drivers volunteered for U.S. Study Phase 2 (the limitation on the number of 
volunteers that could be accommodated were set by the study timeline, resources and target 
sample size). Using data quality control procedures detailed in section 5 of this report, data 
from 3 of the 12 drivers had to be excluded from analyses of the Copilot® measure of 
PERCLOS, SafeTRAC® and the other AP+® recorded outcomes due to technical 
(equipment) failures that led to insufficient AP+ recordings either during the NO 
FEEDBACK condition or during the FEEDBACK condition. SleepWatch® actigraphy and 
Daily Diary data were available for 10 drivers. PVT and post-experimental Human Factors 
Questionnaire data were available for all 12 drivers.  

7.1.1 Summary of statistical methods 
Data analyses and hypothesis testing were identical to those conducted for Canada 
Study Phase 1. Driver specific mean and median values were compared between 
conditions for the following outcome variables: PERCLOS during night hours; 
SafeTRAC “driver alertness index.”  Driver specific standard deviation and 
interquartile ranges were compared between conditions for the following outcome 
variables: AP+ Lateral distance standard deviation; AP+ Steering wheel movement 
standard deviation; and AP+ Front wheel movement standard deviation. The median 
and IQR measures served as non-parametric alternative measures to the mean and 
standard deviation measures, respectively, for summarizing the within driver and 
experimental condition distributions. As in Study Phase 1, for each outcome variable 
recorded by the AP+ system, the following four analyses were performed to assess if 
there were significant changes from the NO FEEDBACK condition to the 
FEEDBACK condition.  

1. Unweighted analysis of parametric distribution summary statistics 
2. Doubly weighted mixed model analysis of parametric distribution summary statistics 
3. Unweighted analysis of non-parametric distribution summary statistics 
4. Doubly weighted mixed model analysis of non-parametric distribution 

summaries 



 

 29

Doubly weighted mixed model analyses of variance were used to provide the 
definitive tests of primary study hypotheses.  In these analyses, the statistics used to 
summarize alertness and performance for each driver within each experimental 
condition (NO FEEDBACK and FEEDBACK) were made to optimally reflect 
‘typical’ performance by weighting observed values proportionally to their observed 
record duration time. For example, a record with a duration of 3 seconds was given 
three times as much weight as a 1 second record by replicating records prior to 
computing statistics from the within driver and condition specific distributions. These 
summary statistics included mean, median, standard deviation, and interquartile range 
values. Then, the statistical efficiency of the inference to the population with regard 
to differences between the NO FEEDBACK and FEEDBACK conditions was 
increased by giving greater weight to the above summary statistics that were 
estimated on the basis of larger cumulative AP+®  validated recording times. 

 
 
 
8.0 Results of Feedback from FMT Technologies: U.S. Phase 

 
8.1 Copilot® (PERCLOS), SafeTRAC®, and AP+®  truck outcomes: U.S. Phase 

 
8.1.1 Analyses of PERCLOS (from Copilot®) during night driving ≥ 30 mph 

 PERCLOS (percent slow eyelid closure) obtained from the Copilot® technology 
during night driving above 30 mph, was a primary outcome variable for hypothesis 
testing. Tables 18-21 provide the descriptive analyses of changes in four values of 
Copilot® estimates of PERCLOS during night hours. Weighting factors for all 
outcomes analyzed are shown in Table 22 and in Table 30 (for analyses based on 
night driving). The doubly weighted mixed model analysis of variance found that the 
average median PERCLOS was reduced from 3.47 with NO FEEDBACK to 2.64 
with FEEDBACK (Tables 20 and 21).  The mean change in these medians was -0.83 
(SE = 0.31). The null hypothesis that the average change in median PERCLOS is 
equal to zero was rejected with t = 2.70, df = 8, p = 0.027 (Table 21). Nearly identical 
results were observed when attention was restricted to nighttime driving (Table 28) 
and when the average value was measured by distribution medians (Tables 21 and 
29). Thus, the U.S. study phase provided evidence that the FMT feedback resulted 
in shifts toward lower levels of sleepiness as reflected in smaller values of 
PERCLOS. The use of median values, which are less influenced by skewness or 
outliers in the driver and condition—specific distributions, produced results 
suggesting decreased sleepiness with use of the FMT FEEDBACK relative to the NO 
FEEDBACK condition. The systematic skewness in the PERCLOS distributions 
detailed in Data Quality Tables 26 and 27 suggested that the median values may 
better reflect typical values. Therefore, analyses involving the non-parametric 
summaries were interpreted as the most important. 

8.1.2 Analyses of “Driver Alertness” (from SafeTRAC®) during driving ≥ 30 mph 
The second primary outcome variable used in hypothesis testing was obtained from 
the SafeTRAC® technology during all driving above 30 mph. This was the 
SafeTRAC® output labeled “Driver Alertness” as estimated by a proprietary 
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algorithm involving stable lane tracking. The weighted mean SafeTRAC® “driver 
alertness” estimate during the NO FEEDBACK and FEEDBACK conditions were 
69.84 and 75.89, respectively (Table 19). The weighted estimate of the mean increase 
from the NO FEEDBACK to FEEDBACK change in SafeTRAC alertness was 6.06 
(SE = 2.30). The increase in mean alertness was statistically significant (t = 2.63,  
p = 0.030).  Nearly identical results were observed when attention was restricted to 
nighttime driving (Table 28) and when the average value was measured by 
distribution medians (Tables 21 and 29). Specifically, the nighttime driving weighted 
median values during the NO FEEDBACK and FEEDBACK conditions were 71.36 
and 77.27, respectively (Table 29). The weighted estimate of the mean increase in 
median SafeTRAC alertness from the nighttime NO FEEDBACK to nighttime FMT 
FEEDBACK conditions was 5.91 (SE = 2.21). This increase in the mean median 
value of alertness was statistically significant (t = 2.67, p = 0.028). Considering both 
the mean and median methods of estimation, unweighted and weighted, all driving or 
only nighttime driving, virtually all SafeTRAC results reflected a statistically 
significant increase in driver alertness due to the FEEDBACK intervention. 
Therefore, the positive effects of FMT FEEDBACK on estimates of driver alertness 
using the SafeTRAC® indication of “alertness” were consistent with the positive 
effects of FMT FEEDBACK on Copilot® indicators of reduced sleepiness 
(PERCLOS) during night driving in the U.S. study phase.    

8.1.3 Analyses of Lane Tracking Variability (from SafeTRAC®) during driving ≥ 30 
mph 
The third primary outcome measure used in hypothesis testing was Lane Tracking 
Variability obtained from the SafeTRAC® technology during all driving above 30 
mph. The crude lane tracking measure was converted into lateral distance. Two 
measures of variability in lateral distance were examined, the standard deviation (SD; 
Tables 18 and 19) and the interquartile range (IQR; Tables 20 and 21). The lateral 
distance interquartile range decreased by about 20% from 47.99 to 38.40 (Table 21). 
In mixed model weighted analyses, the estimated mean change in the lateral distance 
IQR was -9.59 (SE = 6.25). This difference did not reach statistical significance  
(t = -1.53, p = 0.164) for all driving time. The average unweighted IQR (Table 28) 
during the NO FEEDBACK and FEEDBACK conditions were 45.78 and 38.22, 
respectively.  The mean change (SD) in the IQR values was -7.56 (9.37) with 
minimum and maximum values of -30.0 and 2.0, respectively. The descriptive t-test 
suggested a statistically significant feedback effect (p = 0.042). Based on the 
unweighted data, the standardized effect size was ES = -7.56/9.37 = 0.81. A sample 
size of n = 15 is necessary to achieve at least 80% power to reject the null hypothesis 
that the mean difference in the lateral distance IDQ is equal to 0 for effect sizes of 
0.81 or greater. The results from weighted mixed model analyses restricted to 
nighttime driving (Table 29) were similar, but showed only a trend (p = 0.083).   
Although only a statistical trend, lane tracking variability improved with FMT 
FEEDBACK during night driving in the U.S. study phase, consistent with the 
effects observed of PERCLOS and SafeTRAC estimates of drivers’ sleepiness and 
alertness, respectively. 
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8.1.4 Analyses of Steering Wheel and Front Wheel Movement Variability (from 
AP+®) during driving ≥ 30 mph 
A fourth class of outcomes also evaluated relative to the primary hypothesis were 
steering wheel mean variability and front wheel movement variability obtained from 
the AP+® system during all driving above 30 mph. As Tables 18-21 indicate, there 
were only 7 drivers evaluated for these variables after data cleaning—as with the 
Canada study phase, we suspect that problems with steering sensors contributed to  
loss of reliable steering and front wheel movement data in the U.S. study phase. As 
Table 19 reveals, significant increases in the mean standard deviation (SD) were 
observed for both steering wheel movements (weighted mixed model p = 0.001) and 
front wheel movements (p = 0.008). Very similar results emerged when analyses 
were restricted to night driving. However, as Table 21 reveals, no significant 
differences were observed for the IQR measures (p = 0.553 and p = 0.352, 
respectively, for steering wheel and front wheel movements). In fact, the results for 
front wheel movements changed direction with a smaller mean IQR observed with 
FEEDBACK (Table 21). Upon inspection of the distribution details (Data Quality 
Tables 19-23 in Appendix C-1), there were extreme outliers in 3 instances (1 case in 
the NO FEEDBACK and 2 cases in the FEEDBACK condition) which likely 
influenced the results. Consequently, given the inconsistency between the SD and 
the IQR results, it appears that no definitive conclusions can be made in the U.S. 
study phase on the basis of changes in steering wheel and front wheel movement 
variability.  

8.1.5 Analyses of Truck Motion Variables (from AP+®) during driving ≥ 30 mph 
For completeness, the other AP+® vehicle parameters were subjected to the same 
analyses. These included the truck motion variables (vehicle speed, engine rotation, 
longitudinal acceleration [X], lateral acceleration [Y]), and ambient light. These 
variables were not a priori hypothesized to be different between NO FEEDBACK and 
FEEDBACK conditions. This was the case for all these variables in both the Canada 
and U.S. study phases (Tables 18-21). 

 
8.2 Comparison of U.S. Phase and Canada Phase for primary driving outcomes relative 

to FMT FEEDBACK 
 
Tables 33 to 47 were constructed to facilitate general comparisons between the results from 
the Canadian and U.S. study phases relative to the effects of FMT FEEDBACK versus NO 
FEEDBACK. These Tables have the same structure as the primary analysis Tables, 
reflecting each of the four components of the data analyses hierarchy: (1) unweighted 
analysis of parametric distribution, (2) doubly weighted mixed model analysis of 
parametric distribution, (3) unweighted analysis of non-parametric distribution, and (4) 
doubly weighted mixed model analysis of non-parametric distribution. There are sets of 
Tables for all driving (Tables 33 to 40) and driving during the nighttime (Tables 41 to 48). 
Even-numbered Tables show the results for each study phase (e.g., Table 33 contains 
results from Tables 2 and 18), as well as comparisons between the p values for NO 
FEEDBACK vs FEEDBACK comparisons within each study phase (at the bottom of the 
Tables). Odd-numbered Tables display the NO FEEDBACK vs FEEDBACK comparisons 
for each of the primary driving outcomes for the two study phases combined (i.e., n = 18 to 
27). 
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Composite Table 47 and Table 48 summarize the primary results of NO FEEDBACK 
versus FEEDBACK comparisons for the U.S. and Canada study phases during night 
driving, using non-parametric distributional summaries (medians and interquartile 
ranges). This is the most succinct summary of study results because in most cases the 
results were very similar to those obtained using parametric distribution summaries (means 
and standard deviations) and in cases where there were qualitative differences, the non-
parametric results made more sense, and the doubly weighted, mixed model analysis of 
variance was considered the most definitive for comparisons. The non-parametric 
distributional summaries are used (medians and interquartile ranges) because in most cases 
the results were very similar to those obtained using parametric distribution summaries 
(means and standard deviations), and in cases where there were qualitative differences, the 
non-parametric results made more sense given high inter-subject variability. Tables 47 and 
48 are reprinted for ease of viewing.  
 
As can be seen in Table 47, in both the U.S. and Canada study phases, the average median 
values of Copilot® recordings of PERCLOS decreased, the average median values of the 
SafeTRAC® “alertness” score increased, and the average value of SafeTRAC® measure of 
lane tracking variability (lateral distance interquartile ranges) decreased during nighttime 
driving in the FMT FEEDBACK condition relative to the NO FEEDBACK (control) 
condition. In the U.S. study phase—where the vast majority of driving was at night—these 
changes were statistically significant for Copilot® PERCLOS and SafeTRAC Alertness 
measures, and marginally significant for the SafeTRAC® measure of lane tracking 
variability. However, the changes were not statistically reliable in the Canada study phase.  

 
Table 47: PERCLOS, SafeTRAC, and AP+ Outcomes during Night Driving 

Mixed Model ANOVA Comparisons Based on Doubly Weighted‡ Medians and IQR's 

  N 
No 

Feedback 
Mean 

Feedbac
k Mean 

Difference 
Mean 

Difference 
SE 

t-
statistic 

Difference 
p-value 

U.S.            

PERCLOS during night hours median 9    3.47   2.64 -0.83 0.31 -2.70 0.027 
SafeTRAC Driver's Alertness median 9 71.36 77.27   5.91 2.21  2.67 0.028 

Lateral distance IQR† 9 44.38 37.41 -6.97 3.52 -1.98 0.083 
Steering wheel movements IQR 7    0.71   0.75   0.04 0.07  0.54 0.611 

Front  wheel movements IQR 7    0.83   0.69 -0.14 0.13 -1.04 0.339 

Canada         

PERCLOS during night hours median 16   3.73  3.16 -0.57 0.41 -1.38 0.187 
SafeTRAC Driver's Alertness median 15 79.68 80.20  0.52 1.20  0.43 0.672 

Lateral distance IQR 15 32.55 31.30 -1.25 1.48 -0.84 0.413 
Steering wheel movements IQR 15   2.05  2.27  0.22 0.28  0.77 0.455 

Front  wheel movements IQR 11   3.54  3.36 -0.18 0.53 -0.34 0.739 
U.S. vs. Canada p-values^         

PERCLOS during night hours median 27 0.826 0.528 0.725    
SafeTRAC Driver's Alertness median 26 0.081 0.616 0.193    

Lateral distance IQR 26 0.021 0.121 0.039    
Steering wheel movements IQR 23 0.000 0.000 0.000    

Front Wheel movements IQR 20 0.001 0.000 0.000    
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† IQR – interquartile range (75th percentile minus 25th percentile)  
‡ Doubly weighted—In these analyses, the statistics used to summarize sleepiness and performance for each driver within each 
experimental condition (No Feedback and Feedback) were made to optimally reflect ‘typical’ performance by weighting observed 
values proportionally to their observed record duration time by replicating records prior to computing statistics from the driver/condition 
specific distributions. These summary statistics included mean, median, standard deviation, and interquartile range values.  Then, 
inference to the population with regard to differences between the no feedback and feedback conditions were made optimally efficient 
by giving greater weight to the above summary statistics that were estimated on the basis of larger cumulative AP+ recording times.  
^ From mixed model with factor for country added.  

 

Although statistical power is generally low for tests of interaction, the differences between 
study phases in the changes in median PERCLOS were not statistically significant (see 
bottom of Table 47). Similarly, study differences between the mean changes in median  

SafeTRAC alertness was also not significant. Mean reductions in the SafeTRAC® measure 
of lane tracking variability were statistically significantly larger in the U.S. study phase 
compared to the Canada study phase (-6.97 vs. -1.25, p = 0.039). Comparisons between 
studies in steering wheel movements and front wheel movements were not meaningful 
because of differences in the scales of the metrics.  

Table 48 summarizes composite results for night driving from pooling data from the two 
study phases. This is presented for descriptive purposes only. It is noteworthy that when 
data are combined from the two study phases, FMT FEEDBACK had the following 
positive effects relative to NO FEEDBACK: Reduction in slow eyelid closures as 
measured by Copilot® scores for PERCLOS (t = -3.24, p =0.004); increased alertness as 
measured by SafeTRAC® scores for “driver alertness” (t = 3.49, p =0.002); and reduced 
variability in lane tracking as measured by SafeTRAC® (t = -2.96, p =0.007). The 
convergence of these measures showing improvements in fatigue indices during 
nighttime driving with FMT Feedback is striking. It suggests that with a focus on night 
driving, when fatigue and sleepiness would be expected to have a higher probability of 
occurrence, a larger sample size would reveal that FEEDBACK from fatigue 
management technologies (Copilot, SleepWatch, SafeTRAC, HPCS) has the potential to 
reduce slow eyelid closures (PERCLOS), increase alertness (as measured by lane 
tracking), and decrease lane tracking variability in experienced truck drivers.  
 

8.3 Psychomotor Vigilance Task (PVT-192) performance outcomes: U.S. Phase 
 

As in the Canada study phase, U.S. study phase drivers were provided with a portable 
psychomotor vigilance task (PVT-192) test device while on the road, to provide 

N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SE

t-statistic Difference 
p-value

Pooled (USA and Canada)
PERCLOS during night hours median 25 3.660 2.907 -0.754 0.232 -3.240 0.004
SafeTRAC Driver's Alertness median 24 75.409 79.912 4.503 1.290 3.490 0.002
Lateral distance IQR 24 38.662 33.273 -5.389 1.819 -2.960 0.007
Steering wheel movements IQR 22 1.518 1.607 0.088 0.165 0.540 0.598
Front wheel movements IQR 18 2.388 2.227 -0.161 0.222 -0.730 0.477

Table 48: AP+ and SafeTRAC Outcomes at Night
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Medians or IQR's

Notes:  Mean values and difference in mean values are model-predicted least squares estimates.
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information on their behavioral alertness as assessed by reaction-time (RT) based vigilance 
performance at the midpoint and end of each driving workday. It was hypothesized that 
relative to the NO FEEDBACK condition, FMT FEEDBACK would reduce PVT 
performance lapses, improve median RT performance, and reduce subjective sleepiness (as 
measured by a visual analog scale [VAS] drivers completed at the end of each PVT task 
trial).  

8.3.1 PVT-192 performance variables 
 PVT data were available for all 12 drivers in the U.S. study phase.  The total number 

of PVT trials in the NO FEEDBACK condition during the day, evening, and night 
times-of-day were 37, 12, and 178, respectively. Similarly, in the FEEDBACK 
condition, there were 32, 3, and 174 total trials during the day, evening, and night 
time intervals. Table 23 displays PVT variables and the results of comparisons 
between FEEDBACK and NO FEEDBACK conditions (see Appendix D-2 for 
complete PVT results). Consistent with the high amount of night driving in the U.S. 
study phase, the vast majority of PVT trials were conducted at night (352 night trials 
vs. 84 day and evening trials for all 12 drivers).  

 
 As in the Canada study phase, the total number of PVT lapses (RT ≥ 500ms), median 

response time, and subjective sleepiness by VAS (post-PVT trial) were the primary 
PVT outcome variables. The remaining variables were analyzed as secondary 
outcome variables.  Although the originally planned mixed modeling approach 
examined the statistically significance of time-of-day interaction on FEEDBACK 
condition effects, the very few numbers of non-night trials prevented meaningful 
analyses in this regard. Therefore, interpretations of the main effects of the 
FEEDBACK condition and analyses restricted to nighttime trials were emphasized in 
the U.S. study phase. 

 
8.3.1.1 Mixed model analyses of PVT-192 responses: Raw lapses (RT ≥ 500 ms) 

The interaction model (i.e., feedback condition, time-of-day, time-of-day by 
feedback condition) was used to compute an adjusted intraclass correlation 
(ICC). The ICC is the proportion of total variance explained by systematic 
differences among drivers after accounting for time-of-day and feedback 
condition effects. Assessment of ICC was taken as a quality control procedure 
and to document the ability of this study to obtain reliable PVT performance 
assessments in the field. 

The intraclass correlation for PVT raw lapses in the U.S. study phase was 0.303 
(p = 0.014), indicating that 30% of the variance among the number of vigilance 
lapses was attributable to systematic differences among drivers after accounting 
for time-of-day effects and FMT condition effects. Consequently, multiple 
testing reliability, although statistically significant, was somewhat smaller than 
the ICC = 0.473 value found in the Canadian study phase. During night trials, 
the model predicted more lapses in the FEEDBACK condition compared to the 
NO FEEDBACK condition (3.12 vs. 4.59; t = 2.83, df = 11, p = 0.016). There 
was an increase in total PVT performance lapses per trial under the 
FEEDBACK condition relative to NO FEEDBACK condition.   
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For comparison purposes, in the Canadian study, the expected numbers of 
lapses per trial were 2.54 and 2.34 during the nighttime with NO FEEDBACK 
and FEEDBACK, respectively (p=0.332). The U.S. study finding of an increase 
contradicts the small non-significant decrease previously observed. On the other 
hand, in the Canadian study, PVT lapses were significantly elevated in the 
daytime and evening in the FEEDBACK condition (relative to the NO 
FEEDBACK condition). It appears therefore that PVT lapses were elevated in 
each study in the FEEDBACK condition, relative to the NO FEEDBACK 
(control) conditions, and the increase occurred during the portion of the 24-
hr day in which drivers most often were driving (i.e., daytime for the Canada 
drivers, and nighttime for the U.S. drivers). Increased PVT lapses are a sign of 
reduced behavioral alertness. While the increases engendered in both study 
phases are not large, they are statistically reliable, and must be explained. 
Possible reasons for why PVT lapses were increased in the FMT FEEDBACK 
conditions in both study phases are not clear, but the findings suggest that there 
may be a fatigue-related “cost” to the added effort (in attention and 
compensatory behaviors) required to respond to the feedback from the FMT 
devices, and that effort may manifest itself when performing a demanding 
vigilance-based reaction time task while not driving. Other explanations are also 
possible (see below). 

8.3.1.2 Mixed model analyses of PVT-192 responses: Median reaction times 
The ICC for PVT median response time was even smaller than or lapses (ICC = 
0.246; p = 0.015) in the U.S. study phase compared to the value observed in the 
Canadian study phase (ICC = 0.709).  It is unclear as to the cause of this 
apparent reduced reproducibility. As shown in Table 23, similar to total lapses, 
during night PVT trials in the U.S. study phase, the model predicted median 
PVT response time was higher in the FEEDBACK condition compared to the 
NO FEEDBACK condition (243 ms vs. 258 ms; t = 5.14, df = 11, p < 0.0001).  
In the Canada study phase, PVT median values during the nighttime were      
256 ms and 255 ms with NO FEEDBACK and FEEDBACK, respectively        
(p = 0.851). Again, however, as with PVT lapse frequency (above), the 
significant increase of nighttime median reaction times on the PVT found in 
the FEEDBACK phase of the U.S. study phase—while modest in size—were 
consistent with the statistically significant increases in PVT median reaction 
times in the FEEDBACK phase of the Canada study phase (in the day and 
evening driving conditions).  
Since FEEDBACK was also associated with elevations in PVT lapses (long 
reaction times) in both studies, the concurrence on reliable increases in median 
RTs further supports a “cost” to behavioral alertness associated with the 
FEEDBACK condition. An alternative explanation is that the small but 
statistically significant changes observed in PVT performance in both study 
phases (during the most common driving time-of-day for each) may reflect a 
“letting down” phenomena, in which drivers reduced their motivation on the 
PVT task ever so slightly with the view that they were in the final weeks/days of 
the study and did not need to try as hard. Since the FEEDBACK and NO 
FEEDBACK conditions were deliberately not counterbalanced to prevent 
drivers from using FMT devices (had the NO FEEDBACK condition followed 
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the FEEDBACK condition), we cannot be certain that “motivation” wasn’t the 
factor producing the PVT results. On the other hand, if the PVT changes found 
during FEEDBACK in both study phases were due to motivation, one would not 
expect to find drivers ratings to be elevated in the FEEDBACK condition 
relative to the NO FEEDBACK condition. The next section presents these 
results.    

8.3.1.3 Mixed model analyses of PVT-192 responses: Post-PVT Sleepiness Rating  
Table 23 reveals that the intraclass correlations for the U.S. study phase post-
PVT sleepiness ratings (by visual analog scale) were larger than for PVT lapses 
and median response time (ICC = 0.429; p = 0.012), and in this case, larger than 
the value observed in the Canadian study phase (ICC=0.289).  During the 
nighttime PVT tests in the U.S. study phase, the expected subjective sleepiness 
was significantly lower during the NO FEEDBACK condition compared to the 
FEEDBACK condition (3.29 vs. 5.33; t = 6.63, df = 11, p < 0.0001). This result 
is in the opposite direction to that found in the Canadian study phase where the 
expected values at night were 7.56 for the NO FEEDBACK condition and 6.18 
for the FEEDBACK condition (p = 0.009, Table 12). In the U.S. data, the 
finding of increased subjective sleepiness observed for the post-PVT test 
sleepiness VAS rating was also observed for the pre-PVT subjective sleepiness 
rating (p < 0.0001, see bottom of Table 23). Thus, in terms of subjective 
sleepiness, the FEEDBACK condition appeared to increase drivers’ self-rated 
levels of sleepiness at night in the U.S. study phase. While this finding is 
contrary to that found in the Canadian study phase, it is fully consistent with the 
U.S. study phase results for PVT lapses and median reaction times, as well as 
other PVT parameters (fastest 10% RTs, slowest reciprocal RTs—see Table 
23). This convergence of subjective and objective PVT results suggesting 
greater fatigue during the nighttime PVT test bouts in the FEEDBACK 
condition of the U.S. study phase makes it unlikely that driver motivation 
accounted for the results. Instead, it lends further support to the possibility that 
FMT FEEDBACK in drivers who operate primarily at night may have 
alertness-promoting benefits during driving (Table 21), but such feedback 
may also create a modest “cost” to the added effort (in attention and 
compensatory behaviors) required to respond to the feedback from the FMT 
devices. That “cost” may manifest itself as slightly worse performance and 
greater subjective sleepiness when performing a demanding vigilance-based 
reaction time task  such as the PVT (while not driving). 

8.3.1.4 Mixed model analyses of PVT-192 responses: Secondary PVT outcomes 
Results for the secondary PVT outcomes are also summarized in Table 23. As 
noted above, these other PVT performance variables supported the findings of 
the primary PVT outcomes (lapses, median RT and post-PVT sleepiness). 
During the night driving schedule, U.S. study phase drivers performed less well 
on the PVT in the FEEDBACK condition relative to the NO FEEDBACK 
condition. Thus, the results from PVT testing consistently showed worse 
performance under the FEEDBACK condition in the U.S. study phase, which 
was the opposite of the findings of reduced sleepiness suggested by the 
reduced median PERCLOS, increased mean SafeTRAC Alertness, and 
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improved driving performance suggested by the reductions in mean lateral 
distance IQR. 

 
8.4 SleepWatch® (Actigraphy) and Sleep Management Model outcomes: U.S. Phase 
  
 Mixed model ANOVA comparisons of actigraphy variables between the NO FEEDBACK 

condition and FEEDBACK condition are summarized in Table 24 from the U.S. study 
phase. Random effects including intraclass correlations are summarized in Table 25. ICC 
values adjusted for feedback condition were relatively large and statistically significant for 
almost all actigraphy outcomes demonstrating consistency within driver over days. Table 
24 reveals that there was a significant increase in the number of sleep episodes in the 
FEEDBACK condition relative to the NO FEEDBACK. The mean per day value increased 
from 1.87 in the NO FEEDBACK condition to 2.11 in the FEEDBACK condition (p = 
0.045).  

 
8.5 Daily diary outcomes: U.S. Phase 
 
 As in the Canada study phase, U.S. drivers were provided a daily diary (Appendix B-1) to 

record driving conditions (weather, slow traffic, hilly roads, crosswinds, waiting); work 
activities (loading and unloading, deliveries, etc.); rest breaks and naps; days off; reactions 
to FMT devices; and day and night activities (work, rest, and sleep). Diary Tables 1 to 25 
in Appendix E-2 provide per driver quantitative summaries of the diary data for 10 U.S. 
drivers. This subset of drivers did not coincide exactly with that of the “cleaned analysis 
samples” of the AP+ and PVT analyses above. Two drivers were excluded from these 
analyses because their diaries were not accurately maintained.  

 
 There were three types of daily diary variables summarized. Data were tabulated a number 

of ways, according to type of variable. The first was the proportion of days in which at least 
one event of a specific type was reported (e.g., long delays for traffic). Proportions were 
summarized by FMT condition (FEEDBACK vs. NO FEEDBACK). The second type of 
variable was the number of events per day. The descriptive diary Tables summarize the 
distributions over days for each driver separately for the NO FEEDBACK and 
FEEDBACK conditions. The third type of variable was the cumulative duration for the 
events summarized by frequency per day. These are also summarized in Tables in 
Appendix E-2. 

 
 Tables 31 and 32 show the results of descriptive analyses comparing the NO FEEDBACK 

condition to the FEEDBACK condition for the mean and median cumulative duration 
variables (Table 31) and for the mean and median frequency per day variables (Table 32).  
No systematic differences between conditions were found (see also Table 17). Although 
there were no formal statistical analyses performed to assess differences between the 
Canadian and U.S. study phases, it was obvious that the sample of drivers from each study 
phase had different work activities and driving chores—there were generally more events 
reported by the Canadian drivers because they had more loading chores. However, in terms 
of lack of diary differences between the NO FEEDBACK and FEEDBACK conditions, the 
U.S. study phase results agree with those from the Canada study phase. Thus, there was no 
evidence from drivers’ daily diaries to support the hypothesis that FMT FEEDBACK 
resulted in increased sleep time relative to NO FEEDBACK. But diary measures 
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appeared to be too limited in scope to effectively discern the differences found between 
workdays and non-workdays in sleep duration, and the effects of FEEDBACK on non-
workday sleep durations based on actigraphy (see Section 9).   

 
 
9.0 SleepWatch® (Actigraphy) Measure of Sleep on Workdays and Non-Workdays 
 

It was hypothesized that deployment of a combination of four fatigue management 
technologies would result in increased sleep time (actigraph determined) under both 
Canadian hours-of-service (Study Phase 1) and U.S. hours-of-service (Study Phase 2). 
However, analyses of actigraphy data for sleep episodes in the NO FEEDBACK versus 
FEEDBACK conditions revealed no statistically significant differences in sleep duration in 
either the Canada study phase or the U.S. study phase (see “Prior Sleep” variable in Tables 
13 and 24). “Prior Sleep” was defined by all the sleep time found in each 24-hour period 
(from noon to noon, across consecutive days in the 2-week period for each condition) using 
an actigraphic software program called “Action 4” (developed by Ambulatory Monitoring, 
Inc., Ardsley, NY), as well as software that could recognize and eliminate from 
consideration periods of time when the actigraph was not on the wrist of a driver. 
 
Although the overall comparisons of actigraphically-defined 24-hour cumulative sleep time 
(Prior Sleep) were not different between the FEEDBACK and NO FEEDBACK 
conditions, it was clear that the U.S. study phase drivers had an average of 50 minutes less 
sleep per day than their Canadian counterparts during the NO FEEDBACK condition, and 
39 minutes less sleep per day than their Canadian counterparts during the FEEDBACK 
condition (compare “Prior Sleep” in Tables 13 and 24). The reduced daily sleep times in 
the U.S. drivers were consistent with the differences between study phases in the 
predominant time-of-day for driving–Canada drivers had approximately 75% of their 
driving in daylight (and therefore, slept mostly in the nighttime), while U.S. drivers had 
approximately 90% of their driving at night (and therefore slept more in the daytime). It 
has long been established that sleep duration is reduced when people work nights, owing to 
circadian biological forces and environmental factors, which alone or together can truncate 
daytime sleep durations.  
 
Analyses were performed to determine whether the actigraphically-defined sleep duration 
differences of 50 minutes (NO FEEDBACK difference between Canada and U.S.) and 39 
minutes (FEEDBACK difference between Canada and U.S.) were statistically significantly 
different from each other. In addition, sleep durations would likely be affected by 
workdays and non-workdays, especially in the night driving U.S. subjects, such that non-
workdays would likely involve significantly more sleep than workdays. As a result of these 
considerations, a series of analyses were conducted comparing actigraph-defined sleep 
obtained by Canada drivers and U.S. drivers on workdays and non-workdays, during the 
NO FEEDBACK 2-week period and the FEEDBACK 2-week period. These analyses 
yielded important new insights into the impact of FMT FEEDBACK on drivers’ sleep 
durations. Tables 49 through 58, and Tables 7 through 9, display the results these analyses. 

 
9.1 Sleep Durations on workdays and non-workdays 
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 Tables 51, 52, 53, and 54 reveal that drivers slept significantly more on non-workdays than 
on workdays. During the NO FEEDBACK 2-week period of the Canada study phase, 
drivers averaged 7 hours and 17 minutes sleep per 24 hour period on non-workdays 
compared to 6 hours and 15 minutes on workdays (p = 0.023), a mean difference of 1 hours 
and 2 minutes (Table 51). Similarly, during the FEEDBACK 2-week period of the Canada 
study phase, drivers averaged 7 hours and 31 minutes of sleep per 24 hours on non-
workdays compared to 6 hours and 14 minutes on workdays (p = 0.0005), a mean 
difference of 1 hour and 17 minutes (Table 53). Comparable results were obtained in the 
U.S. study phase. During the NO FEEDBACK 2-week period of Study Phase 2, the U.S. 
drivers averaged 6 hours and 32 minutes of sleep per 24 hours on non-workdays compared 
to 5 hours and 14 minutes on workdays (p = 0.018), a mean difference of 1 hour and 18 
minutes (Table 52). Similarly, during the FEEDBACK period, U.S. drivers averaged 7 
hours and 32 minutes sleep compared to 5 hours and 1 minute on workdays  (p = 0.0004), a 
mean difference of 2 hours and 31 minutes (Table 54). These are relatively large 
differences in 24-hour sleep durations, suggesting that drivers developed sleep debts across 
the workweek. 

 
 Figure 7 graphically displays the workday versus non-workday sleep durations controlling 

for feedback condition. It reveals that the differences in mean daily sleep between 
workdays and non-workdays significantly differed between U.S. and Canada study phases 
(p = 0.028), which are referred to as “location” in Figure 7. Therefore, the NO 
FEEDBACK vs. FEEDBACK comparisons between U.S. and Canada were performed 
separately for workdays and non-workdays. Figure 8 reveals that during workdays, the NO 
FEEDBACK vs. FEEDBACK comparison did not significantly differ between U.S. and 
Canada study phases (p = 0.392) (Tables 55, 56, 57, 58). After removing the interaction, 
there was no main effect for feedback (p = 0.916), but mean sleep duration was 
significantly less for U.S. drivers compared to Canadian drivers (p = 0.011). Figure 9 
shows that during non-workdays, the NO FEEDBACK vs. FEEDBACK comparison did 
not significantly differ between U.S. and Canada study phases (p = 0.506), and differences 
between U.S. and Canada were not significant during non-workdays (p = 0.460). Most 
importantly, in contrast to workdays, there was a significant increase in mean sleep 
duration during non-workdays in the FEEDBACK condition relative to the NO 
FEEDBACK condition (p = 0.046). In other words, FMT FEEDBACK resulted in 
drivers in both countries significantly increasing their non-workday daily sleep durations 
by an average of 45 minutes per day over what was the case in the NO FEEDBACK 
condition. This finding provides clear support for the hypothesis that a combination of 
four fatigue management technologies would result in more sleep (actigraph 
determined) under both Canadian hours-of-service (phase 1) and U.S. hours-of-service 
(phase 2).  

Figure 7. 



 

 40

 
  

Average Sleep Durations During Workdays and Non-Workdays
Least Squares Estimated Mean Values and Standard Errors

Controlling for Feedback Condition

Workday Non-Workday

Le
as

t S
qu

ar
es

 E
st

im
at

ed
M

ea
n 

H
ou

rs
 S

le
ep

100

200

300

400

500

USA
Canada

Location by Workday Interaction
F(1,27)=5.39, p=0.028

Average Sleep Durations During Non-Workdays
No Feedback versus Feedback Conditions

Least Squares Estimated Mean Values and Standard Errors

No Feedback Feedback

Le
as

t S
qu

ar
es

 E
st

im
at

ed
M

ea
n 

H
ou

rs
 S

le
ep

100

200

300

400

500

600

USA
Canada

Location by Feedback Interaction
F(1,24)=0.46, p=0.506

Main Effects from Reduced Model
  Location   F(1,27)=0.56, p=0.460
  Feedback F(1,25)=4.39, p=0.046

Figure 8. 



 

 41

  
 While it might have been expected that increased sleep time would also have occurred on 

workdays when FMT FEEDBACK was provided, this did not occur. It is possible that 
workday schedules prevent drivers from acting on information from FMT devices 
indicating they need more sleep. Barriers to obtaining sleep may be absent on non-
workdays, allowing drivers to increase sleep time. It remains uncertain if this pattern of 
increased sleep on non-workdays would be sustained over months and years with FMT 
FEEDBACK. Much more needs to be understood about the factors that determine when 
and where drivers obtain sleep on workdays and non-workdays, on the barriers to obtaining 
adequate sleep on workdays, and on the factors that convince them to get more recovery 
sleep on non-workdays. An average of 45 minutes (both study phases) more sleep per non-
workday was associated with FMT FEEDBACK. While this may seem modest, research 
suggests it is especially beneficial in promoting recovery from chronic sleep debt in 
persons sleeping less than 6.5 hours per day, which was the case for virtually all drivers 
participating in the study during workday period. 

 
10.0  Human Factors Structured Interview Questionnaire Outcomes:  

Canada Phase and U.S. Phase 
 

Drivers were administered a Human Factors Questionnaire at the end of the 2-week NO 
FEEDBACK period, and again at the end of the 2-week FEEDBACK condition period. 
The questionnaire (developed by Dr. G. Krueger and administered by him to all drivers) 
was completed in a structured interview format to increase the chances of obtaining a full 
dataset on drivers’ reactions to the technologies. This was successful, as most questions 
were answered by n = 26 Canadian drivers and n = 12 U.S. drivers. The Questionnaire and 
Interviewer asked drivers to answer specific questions and provide their perspectives on 
the following interventions: Alertness and Fatigue Management Training Course; 
SleepWatch®; SafeTRAC®; Copilot®; Howard Power Center Steering®; Psychomotor 
Vigilance Task (PVT); and the combined Fatigue Management Technologies used in the 
study.  
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The objective in summarizing these responses here is not to either criticize or promote any 
of the specific technologies used in the study, but rather to provide a summary of drivers’ 
reactions to the various devices. It is important to keep in mind that drivers’ reactions 
(positive and negative) to any one technology were a function of many factors,16 including 
(1) how the technology performed relative to their alertness and fatigue, (2) where the 
technology was located (keep in mind that all technologies required modifications to the 
trucks and were not “built into the trucks” in a manner that optimized ergonomics), (3) the 
durability and reliability of the technology in the harsh environment of over-the-road 
trucking, and (4) protocol requirements that often limited drivers’ abilities to alter 
technologies in ways that best suited them. In addition, the few differences found between 
Canadian and U.S. drivers in their reactions to the various FMT devices may reflect the 
different tractor/trailer configuations used in each phase (e.g., single trailers in Canada 
versus tandem trailers in the U.S. phase), which affected among other things, the location 
of the FMT equipment, the different roads traveled in each study phase, and different 
work schedules, as well as other differences between the companies and countries (hours-
of-service). It was not the intent of the study to untangle the contributions of each of these 
factors in drivers’ use of and reactions to the suite of FMT technologies studied. In fact, 
as subsequent sections reveal, despite all the differences between the two trucking 
operations, drivers from the two countries had—with rare exception—remarkably 
similar reactions to each of the technologies, and to other aspects of the fatigue 
management procedures and protocol. 

  
10.1 Drivers’ reactions to the alertness and fatigue management training course 
 
 Tables 59 (Canada) and 60 (U.S.) summarizes drivers’ responses to questions 1 through 7 

(from the Human Factors Structured Interview Questionnaire), which concerned drivers’ 
reactions to the Alertness and Fatigue Management Training Course given by Dr. Krueger, 
prior to their initial drives in the FMT study, in the NO FEEDBACK condition (see 
Appendix F-1 and Appendix F-2 for detailed responses from Canadian and U.S. drivers, 
respectively). There were no differences apparent in response to specific questions between 
the Canada study phase drivers and the U.S. study phase drivers (compare Tables 59 and 
60). Drivers generally rated the course content and knowledge they gained as being from 
good to very helpful (highest rating) and felt that the course was applicable to their jobs. 
From 83% to 96% of drivers indicated the course lessons were used by them during the 
FMT study, and that they intended to continue use them. Both their positive ratings of the 
course and their qualitative comments (Appendices F-1 and F-2) support the conclusion 
that drivers benefited from the course and wanted more of this type of didactic to help 
teach them how to manage their fatigue. This is impressive given that these were largely 
seasoned long-haul drivers, who appeared not to be inhibited about reporting that they 
can still learn about fatigue and ways to manage it. These positive views towards fatigue 
management training suggest that some segments of the trucking industry are likely to 
welcome fatigue management programs.  

 
10.2 Drivers’ reactions to the SleepWatch® 
  

                                                           
16 For example, the smaller and more austere truck cabs in the U.S. Study phase made the FMT technology ergonomically more problematic, 
relative to the larger truck cabs used in the Canada Study Phase. 
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 Tables 61 and 62 summarize drivers’ post-study responses to questions 8 through 18 from  
 the Human Factors Structured Interview Questionnaire, which concerned drivers’ reactions 

to the SleepWatch® (Appendices F-1 and F-2). Drivers generally reported wearing the 
SleepWatch® greater than 90% of the time during the 4-week period, removing it for 
showers and other transient events, but 92% of U.S. drivers and 65% of Canadian drivers 
also reported it was bothersome to wear it continuously. Other than a greater proportion of 
U.S. drivers than Canadian drivers indicating the SleepWatch®  was bothersome to wear, 
there were no clear differences between the two groups of drivers in their reactions to and 
ratings of the SleepWatch® . For example, their average rating on a 1 to 5 scale where 1 is 
“disappointing” and 5 is “very helpful,” regarding how well the SleepWatch®  
“performance readiness” (P) numerical rating actually mirrored the way they felt, was 
between neutral and good (mean = 3.50). The average rating of whether the SleepWatch® 
provided help for their sleep planning during the study (mean =3.08 to 3.27), was closer to 
neutral. Consistent with this was the fact only 46% of Canadian drivers and 42% of U.S. 
drivers indicated it provided useful information for managing sleep schedule. However, 
73% of Canadian drivers and 83% of U.S. drivers liked the SleepWatch® alertness scale 
(i.e., 1-99). Only 38% of Canadian drivers and 50% of U.S. drivers indicated they would 
like a SleepWatch® for themselves and 50%-58% indicated they would recommend it to 
fellow drivers. The most common type of comment from drivers was that this technology 
was a problem to wear because many do not wear watches of any kind. Comments about 
the SleepWatch® being too big and cumbersome, as well as the band being uncomfortable, 
were also made by drivers (Appendices F-1 and F-2).   

  
10.3 Drivers’ reactions to the SafeTRAC® lane tracking monitor 

 
 Tables 63 and 64 summarize drivers’ post-study responses to questions 19 through 32 from 

the Human Factors Structured Interview Questionnaire, which concerned their reactions to 
the SafeTRAC® system (see Appendices F-1 and F-2 for detailed responses). Canadian and 
U.S. drivers generally agreed that SafeTRAC® numeric display was easily read (96% and 
83%, respectively) and frequently got their attention while driving (73% and 100%). 
Proportionately fewer of them felt that it helped them drive more safely (69% and 42%). 
While 85% of Canadian drivers indicated that SafeTRAC®  “helped me avoid a potential 
accident” (question 29), 0% of U.S. drivers indicated this was the case. This may have been 
due to the fact that U.S. drivers had much less traffic to contend with during their 
predominantly night driving periods. Less dramatic differences, but in the same direction, 
were found in response to question 30 (“SafeTRAC’s alertness index helped me decide 
when to take rest breaks”)—46% of Canadian drivers and 16% of U.S. drivers endorsed 
this statement positively. Similarly for question 28 (“SafeTRAC helped me drive more 
safely”), the respective proportions were 69% and 42%.  

  
 It is uncertain what may have created differences between Canadian and U.S. drivers’ 

reactions to SafeTRAC® . It did not appear to be due to major differences in their attitudes 
toward the technology. Although 88% of Canadian drivers answered affirmatively to 
question 19 (“The SafeTRAC camera position in the windshield distracted me”) while no 
(0%) U.S. driver answered it affirmatively; the two groups had very similar responses to all 
other questions about SafeTRAC®. Thus, the majority in each study phase felt its operation 
was consistent and understandable (77% and 58%); and that its location and controls were 
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good (65% and 75%). Their average ratings of how well the SafeTRAC’s “crossing the 
lane” alert feature could be trusted was just above neutral (Canada mean = 3.36; U.S. mean 
= 3.25), and the reliability of the displayed information regarding lane tracking was 
similarly rated (Canada mean = 3.50; U.S. mean = 3.25). Ratings averaged slightly lower 
for whether SafeTRAC® warned them of poor lane tracking when they thought it was 
appropriate (Canada mean = 2.96; U.S. mean = 3.25). Half of Canadian drivers (50%) and 
proportionally fewer U.S. drivers (42%) indicated they would like SafeTRAC® installed in 
their trucks, but more of them indicated they would recommend it to fellow drivers (65% of 
Canadian drivers; 50% of U.S. drivers). One commonly registered observation of drivers 
about SafeTRAC®  was that the volume control on the audible alert was set too high and 
not under their control. This was not a limitation of the technology, but rather of the 
protocol, which prohibited drivers from changing settings on SafeTRAC®. It likely 
influenced some of the drivers’ reactions to SafeTRAC® and other technologies. 
Appendices F-1 and F-2 contain many comments about how drivers viewed SafeTRAC®.   

 
10.4 Drivers’ reactions to the Copilot® (PERCLOS) monitor 
 

 Tables 65 and 66 summarize drivers’ post-study responses to questions 33 through 43 from 
the Human Factors Structured Interview Questionnaire, which concerned drivers’ reactions 
to the Copilot® (PERCLOS) monitor system (see Appendices F-1 and F-2 for detailed 
responses). Virtually all drivers in both study phases felt the PERCLOS display could be 
easily read (92% Canada, 100% U.S.); and that it was consistent and understandable (81% 
and 83%). Somewhat fewer of them felt it did not distract them (65% and 50%). However, 
drivers’ ratings (on the 5-point scale where 1 was disappointing and 5 was very helpful) of 
whether the Copilot® “alertness index information was helpful” for monitoring their 
alertness or drowsiness was on average neutral (Canada mean = 3.00; U.S. mean = 2.75). 
Their  ratings of whether the PERCLOS digital display information was usually accurate 
and reliable was also rated about neutral (Canada mean = 2.91; U.S. mean = 3.42), as was 
the average rating of whether the Copilot® alertness index display was usually a pretty 
good match to the way they felt (Canada mean = 2.92; U.S. mean = 3.33). Very few drivers 
indicated they would like Copilot® installed in their trucks (27% Canada; 0% U.S.), and 
only a minority indicated they would recommend it to fellow drivers (35% Canada; 25% 
U.S.). Virtually all drivers in both study phases offered comments on the Copilot®  
(Appendices F-1 and F-2).  

 
10.5 Drivers’ reactions to Howard Power Center Steering®  (HPCS) system 

 
 Tables 67 and 68 summarize drivers’ post-study responses to questions 44 through 57 from 

the Human Factors Structured Interview Questionnaire, which concerned drivers’ reactions 
to the Howard Power Center Steering® (HPCS) system (Appendices F-1 and F-2). A clear 
majority of drivers in both study phases felt the HPCS operation was consistent and 
understandable (Canada 88%, U.S. 100%); that HPCS steering assistance was helpful in 
driving (Canada 77%, U.S. 83%); that it made the workload easier (73% and 75%); and 
that they were comfortable using it (77% and 75%). A majority of drivers also felt the 
Howard Power Center Steering® system was helpful in crosswinds (Canada 81%, U.S. 
67%), and helpful in straight-aways (77% and 100%), but proportionally fewer felt it 
helped on curves (Canada 38%, U.S. 17%). On the other hand, a majority of drivers felt it 
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improved truck steering or helped maintain direction (Canada 69%, U.S. 75%), and most 
felt it “always worked in a helpful manner” (69% and 75%). While just 50% of Canadian 
drivers liked the location of the HPCS controls, 83% of the U.S. drivers liked the location 
in their trucks.  

 
 On the critical question of whether HPCS reduced driver fatigue, 54% of Canadian drivers 

felt it did, compared to 75% of U.S. drivers. There were many positive comments on the 
HPSC from drivers (Appendices F-1 and F-2). Most drivers indicated they would like the 
Howard Power Center Steering® system installed in their trucks (Canada 77%, U.S. 
83%), and that they would recommend it to fellow drivers (Canada 85%, U.S. 83%). 
These were highest proportions of affirmative responses found on these two questions in 
both study phases for any of the four FMT technologies (see questions 55 and 56 in 
Tables 67 and 68). It is noteworthy that as an already commercially available product, 
HPCS was built to specifically operate in the truck environment. This was not yet the case 
for some of the other technologies.  

      
10.6 Drivers’ reactions to the Psychomotor Vigilance Task (PVT-192)  

 
 Tables 69 and 70 summarize drivers’ post-study responses to questions 58 through 63 from 

the Human Factors Structured Interview Questionnaire, which concerned drivers’ reactions 
to the Psychomotor Vigilance Task (PVT-192) test device (Appendices F-1 and F-2). It is 
important to keep in mind that the PVT was not utilized in this project as a fatigue 
management tool, but rather its purpose was to serve as an independent objective 
evaluation on drivers’ alertness/sleepiness at the midpoint and at the end of each trip. 
Relative to PVT normative data, drivers’ performances on the PVT-192 (see Sections 6.2 
and 8.3, Tables 12 and 23, and Appendices D-1 and D-2) and their comments about it (see 
Appendices F-1 and F-2), indicate that they took the test very seriously and generally 
attempted to do their best when performing it. This conscientiousness was impressive 
considering that a majority of drivers (58%) in both study phases felt the PVT-192 was 
intrusive to their duty days (Tables 69 and 70). The intrusiveness is not surprising, since 
they had to stop driving and take 10 minutes to perform the task midway in a workday, and 
at the end of the workday, and do this on every workday for the entire month each was 
empanelled in the study. 

 
 The majority of drivers in both study phases felt the PVT matched their own perceptions of 

their reaction times (Canada 73%, U.S. 83%), and when their PVT reaction times were 
slower, most drivers felt the PVT times reflected their own overall assessment of fatigue 
(Canada 73%, U.S. 92%). Although the PVT was not discussed with drivers as a fitness for 
duty device, they were asked in the post-experimental questionnaire if it “could be used as 
a personal checking system on driver fitness for duty system (e.g., to check for a driver's 
readiness to drive as he/she reports for duty, or at rest stops half way through a long trip)” 
(Tables 69 and 70, and Appendices F-1 and F-2). Surprisingly, a modest majority of drivers 
answered affirmatively to this question (Canada 54%, U.S. 58%). Since the Psychomotor 
Vigilance Task was not one of the Fatigue Management Technologies used in the study, 
but rather, purely an assessment tool for drivers’ behavioral alertness, drivers were not 
asked if they would like their own personal PVT device, or whether they would 
recommend it to fellow drivers, as was done for the four FMT technologies. One of the 
more frequent comments from drivers about the PVT was that the test was too long and 
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hence too time-consuming and demanding (Appendices F-1 and F-2). These comments 
and drivers’ somewhat positive view of the PVT as a potential fitness for duty device, 
suggest that efforts should be made to attempt to validate the sensitivity and positive and 
negative predictability of a shorter-duration PVT test (e.g., 3-5 minutes) relative to truck 
driver fatigue.   

 
10.7 Drivers’ reactions to the combined Fatigue Management Technologies 
 
 Tables 71 and 72 summarize drivers’ post-study responses to questions 64 through 69 and 

questions 72 through 84 from the Human Factors Structured Interview Questionnaire, 
which concerned drivers’ reactions to the combined Fatigue Management Technologies 
(Appendices F-1 and F-2). In general, drivers agreed that commercial drivers would 
benefit from fatigue management aids (Canada 88%; U.S. 100%) and they rated the 
usefulness of FMT aids to themselves closer to helpful than neutral (Canada mean = 
3.76, U.S. mean  = 3.75).  

 
 Three of the technologies provided on-line digital feedback on alertness (Copilot®, 

SafeTRAC®, and SleepWatch®). Copilot® and SafeTRAC® feedback were visible to 
drivers as they drove. In questioning drivers post-experimentally about the validity of the 
feedback they received from these devices, many drivers felt that there was not enough 
warning from the alertness monitoring devices’ numeric displays to alert them to the fact 
that they were driving while very drowsy and/or that they might becoming too sleepy to 
continue driving safely (Canada 38%, U.S. 58% in Tables 71 and 72). A slightly higher 
proportion of them felt that when they received low alertness or drowsy driving indicators 
on the digital displays, the displays generally seemed to accurately match what they were 
experiencing at the time (Canada 54%, U.S. 67%). It is possible that the much higher 
proportion of driving time at night in U.S. Study Phase 2 relative to Canada Study Phase 1 
accounted for the somewhat higher percentage of U.S. drivers who felt the digital feedback 
was accurate relative to how they felt. Some drivers noted problems caused by 
contradictions among devices giving feedback—that is, one device would indicate they 
were drowsy, while another did not. This occasional lack of agreement over 
alertness/drowsiness level among the technologies, as well as the issue of the various types 
of feedback provided by different technologies to drivers, will require additional research 
attention, if an ensemble of technologies is to be integrated for practical use.   

 
 The limited resources for this pilot study necessarily required ad hoc instrumentation of 

truck cabs with technologies, rather than full integration of each system with specific truck 
manufacturers. For example, the FMT feedback displays were mounted on the dash rather 
than in the dash. This was not ideal from the drivers’ perspectives. As Tables 71 and 72 
reveal, many of the drivers indicated that some aspects of the technologies distracted them 
from driving (Canada 42%, U.S. 58%); that FMT devices sometimes shut down while they 
were driving (Canada 35%; U.S. 50%); and that they noticed “unsafe” aspects of the FMT 
equipment installed in their trucks (Canada 27%, U.S. 8%). Nearly all of the drivers’ 
comments about technologies being distracting or creating a potentially unsafe situation 
had to do with the location of the FMT equipment (Appendices F-1 and F-2). As presented 
in Tables 73 and 74, when drivers were asked if during the study “anything in the fatigue 
management instrumentation that distracted you from performing your driving duties or 
interrupted your concentration on your driving tasks,” five Canada drivers and three U.S. 
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drivers (total n = 8 drivers out of 38) made comments about the SafeTRAC® system being 
distracting, and 3 Canada drivers and 1 U.S. driver commented about the SafeTRAC® 
system being unsafe as installed. Several drivers commented on the distraction caused by 
the Copilot®  PERCLOS monitor’s flashing red lights. Two drivers commented on the 
Howard Power Center Steering system controller being in the wrong location. Several 
drivers commented on lack of time for the PVT tests. Not surprisingly, no driver made 
comments about distraction or unsafe installation relative to the SleepWatch®, since it was 
attached to the drivers, not the trucks. While half (54%) felt the FMT devices accurately 
reflected when they were drowsy, only 38% felt they received adequate warning from the 
devices when they were getting sleepy.  

10.7.1   Accidents and law enforcement citations 
 As questions 79-82 in Tables 71 and 72 reveal, no driver in either study phase 

reported a citation for a logbook violation during project participation, and no driver 
indicated that they had received a law enforcement citation for an action that occurred 
in the context of an accident during project participation. However, 15% of Canada 
drivers and 8% of U.S. drivers reported receiving a citation for a moving violation 
during their participation in the project, while no U.S. drivers and two Canada drivers 
(7%) reported being involved in an accident or crash during the study—one occurred 
when the brake was not set while parked, and the other was a collision with a fence 
post that the driver attributed in part to sleepiness during the NO FEEDBACK 
condition. Thus, there was no evidence that FMT FEEDBACK contributed to 
citations or accidents.   

  
10.8 Drivers’ comparisons of the Fatigue Management Technologies  
 
 Tables 75 and 76 summarize drivers’ relative rankings of the FMT technologies that 

purported to measure alertness/drowsiness (Copilot®, SleepWatch®, PVT, SafeTRAC®). 
Drivers ranked the systems relative to each other on how well each matched the driver’s 
own sense of alertness (question 70) and drowsiness (question 71).  SafeTRAC® received 
the highest average ranks in both the Canada study phase (alertness = 1.90, drowsiness = 
2.00) and U.S. study phase (alertness = 2.10, drowsiness = 1.91). The PVT averaged the 
second highest rank in the Canada study phase (alertness = 2.04, drowsiness = 2.22), and 
the third rank in the U.S. study phase (alertness = 2.70, drowsiness = 2.36). These ranks 
were comparable to those for the SleepWatch®  in both the Canada (alertness = 2.38, 
drowsiness = 2.23) and U.S. phases (alertness = 2.10, drowsiness = 2.54). The Copilot® 
PERCLOS monitor received the lowest rank in both the Canada (alertness = 3.05, 
drowsiness = 2.84) and U.S. study phases (alertness = 3.00, drowsiness = 3.18). Drivers 
were not asked to rank the Howard Power Center Steering® system because it did not 
purport to measure alertness or drowsiness.  

 
 The results in Tables 77, 78, and 79 provide additional insight into how drivers perceived 

the technologies, since they include ratings on a 10-point scale (10 is the highest, 0 is the 
lowest) for all four FMT technologies (Copilot®, SleepWatch®, PVT, SafeTRAC®, and 
HPCS®). Drivers were not asked to rate the PVT because it was not conceptualized in the 
study design as an FMT technology, although the drivers thought of it that way and rated it 
highly when asked to (see Tables 69, 75, and 76). Tables 77-79 reveal that the Howard 
Power Center Steering® system scored the highest rating from drivers in both study 
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phases, with no statistical significance between them (Canada mean = 7.60; U.S. mean = 
8.33). SafeTRAC® ratings were also not significantly different between study phases 
(Canada mean = 7.60; U.S. mean = 7.46), and they were not significantly different from 
ratings for HPCS®. Drivers’ ratings of SleepWatch® were also not significantly different 
between study phases, but they were below those for HPCS® (p = 0.088) and SafeTRAC®  
(p = 0.76) in the Canada study phase, and below HPCS® (p = 0.076) in the U.S. study 
phase. The Copilot® PERCLOS monitor was the lowest rated FMT technology in both 
study phases. It was also the only technology in which driver ratings differed significantly 
between countries. In the Canada study phase Copilot® had an average rating of 5.79, but 
its rating in the U.S. study phase was 2.96 (p = 0.001). This a troublesome difference, since 
the U.S. study phase involved primarily night driving, when one would expect the 
Copilot® PERCLOS monitor to be optimally effective (i.e., not affected by ambient light). 
Drivers’ dissatisfactions with Copilot® can be found in Appendices F-1 and F-2. 

 
 When subjects were combined across the two study phases (Table 79), there was no 

statistically significant difference in drivers’ ratings of HPCS® and SafeTRAC®, both of 
which were rated significantly higher than SleepWatch® (p < 0.03), and significantly 
higher than Copilot® (p < 0.0005). SleepWatch® was also rated significantly higher than 
Copilot® (p = 0.002). If one considers that ratings greater than or equal to 5.5 (on the 10-
point rating scale used by drivers) indicate a driver’s positive attitude toward a given 
technological approach to fatigue management, then the Howard Power Center Steering® 
system was positively endorsed by 83% of drivers, followed by SafeTRAC® at 76%, 
SleepWatch® at 59% and Copilot® at 39% (Table 79). In conclusion, drivers rather 
consistently reported that the Howard Power Center Steering® system and SafeTRAC® 
offered FMT benefits relative to SleepWatch® and Copilot®, although all FMT 
technologies were seen to have some promise. It is noteworthy that HPSC and SafeTRAC 
are also vehicle performance-based technologies, while SleepWatch and Copilot are 
operator-based technologies. It may be that truck drivers prefer fatigue management be 
carried out by way of vehicle monitoring more so than driver monitoring. On the other 
hand, HPSC and SafeTRAC were also more commercially-ready technologies when used in 
the study, which may have contributed to drivers rating them higher. 

 
 For the most part, volunteer drivers in both the Canada Study Phase and U.S. Study 

Phase were supportive of the idea of continuing to explore ways to perfect technological 
devices to monitor alertness and drowsy driving, and to help them manage their fatigue 
levels. That is encouraging, since prior to the study some researchers predicted that drivers 
would not be supportive of fatigue management technologies—although it must be 
considered that drivers who would volunteer for such a study are also likely among those 
who might view fatigue management technologies favorably anyway.  

 
 In post-experimental debriefings, the drivers pointed out that most of technologies used in 

the study did not appear to be ready for routine use. These drivers contributed numerous 
suggestions for making improvements to the FMT devices; most of these suggestions 
involved improved human engineering. Many of the drivers suggested that if such FMT 
devices and technologies were improved, those mounted in truck cabs would have to be 
integrated into the dashboards or truck instrument panels to avoid being in the way. It 
appears that at least some professional truck drivers would use fatigue management 
technologies if/when they were perfected for easy integration into the truck console. 
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N  
N o  

F e ed ba ck   
M e an  

F ee dback   
M ean  

D iffe ren ce  
M e an  

D iffe rence  
S D  

D iffe ren ce  
M in  

D iffe rence  
M ax  

D iffe rence  
p -va lue  

O utcom e  va ria b le s  

C o P ilo t P E R C LO S  in  n igh t ho u rs  16   6 .65  5 .03 -1 .6 3  3 .85  -10 .5 2  2 .80  0 .112  
S afeT R A C  D rive r A le rtn ess  18  82 .58  8 1 .80  -0 .7 8  1 .94   -4 .93 2 .32  0 .107  
A P +  L a te ra l d is ta nce  stan da rd  de via tion 18  32 .41  3 1 .88  -0 .5 3  2 .74   -4 .66 5 .03  0 .424  
A P +  S tee ring  w h ee l m ovem en ts S D 19   3 .21  2 .31 -0 .9 0  4 .09  -14 .2 4  3 .95  0 .349  
A P +  F ron t w he e l m o vem e nts  S D  14   3 .27  3 .05 -0 .2 2  1 .13   -3 .58 1 .09  0 .485  

A P +  V a riab le s  
V eh ic le  spe ed  m e an  20   57 .0 1  5 7 .60  0 .59  1 .62 -2 .68   3 .72 0 .119  
E ng ine  ro ta tion  m e an  20  14 78 .3  1 489 .2   10 .9  2 8 .3 -34 .0   7 4 .5 0 .103  
X  a cce le ra tio n  m ea n  20   0 .13 6  0 .118 -0 .0 18  0 .155  -0 .58 6  0 .3 29  0 .603  
Y  a cce le ra tio n  m ea n  20  -0 .12 6  -0 .1 58  -0 .0 32  0 .151  -0 .65 3  0 .1 33  0 .354  
A m b ie n t ligh t m ean  19  10 1 .8 4  1 15 .8 6  1 4 .02  3 0 .00  -20 .9 0  1 23 .0 4  0 .057  

Tab le  2 : C o P ilo t, S a feTR AC , AP +  O u tco m es  
D escrip tive  C o m p ariso n s o f C h an g es  in  U nw eig h ted  M ean s  or S tan d ard D evia tio n s  

Canada Study Phase 1 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N  
No  

Feedback  
Mean  

Feedback 
Mean  

Difference  
Mean  

Difference  
SE  

t-statistic Difference 
p-value  

Outcome variables  
CoPilot PERCLOS in night hours  16   6.58  4.99  -1.60  0.89  -1.79  0.094  
SafeTRAC Driver Alertness 18  82.42  82.18  -0.24  0.47  -0.50  0.620  
AP+ Lateral distance standard deviation  18  30.02  29.92  -0.10  0.78  -0.12  0.903  
AP+ Steering wheel movements SD  19   2.75  1.97  -0.78  0.85  -0.92  0.372  
AP+ Front W heel movements SD  14   3.10  3.00  -0.09  0.26  -0.35  0.733  

AP+ variables  
Vehicle speed mean  20   57.79  58.12   0.33  0.28  1.18 0.252  
Engine rotation mean  20  1488.7  1495.0  6.3  4.3   1.5 0.157  
X acceleration mean  20   0.129  0.128  -0.001  0.036  -0.020  0.988  
Y acceleration mean  20  -0.119  -0.180  -0.061  0.045  -1.350  0.192  
Ambient light mean  19  106.53  114.25   7.73  4.49  1.72 0.103  

Table 3: CoPilot, SafeTRAC, and AP+  Outcomes 
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Means or SD's  

Notes:   Mean values and difference in mean values are model-predicted least squares estimates.

Canada Study Phase 1 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N  
N o   

F e e d b a c k   
M e a n  

F e d b a c k   
M e a n  

D iffe re n c e   
M e a n  

D iffe re n c e   
S D  

D if fe re n c e   
M in  

D iffe re n c e   
M a x  

D iffe re n c e  
p -v a lu e  

O u tc o m e  v a r ia b le s  

C o P ilo t  P E R C L O S  in  n ig h t h o u rs  
d i

1 6   3 .8 8  3 .0 0 -0 .8 8  2 .3 1   -7 .0 0  3 .0 0 0 .1 5 0  

S a fe T R A C  D r iv e r  A le r tn e s s  
d i

1 8  8 3 .7 8  8 2 .3 9  -1 .3 9  2 .1 2   -6 .0 0  1 .0 0 0 .0 1 3  

A P +  L a te ra l d is ta n c e  IQ R  1 8  3 1 .5 6  3 1 .2 2  -0 .3 3  3 .1 6   -6 .0 0  6 .0 0 0 .6 6 0  
A P +  S te e r in g  w h e e l m o v e m e n ts  IQ R  1 9   3 .8 9  2 .8 9 -1 .0 0  6 .5 3  -2 2 .0 0  1 0 .0 0  0 .5 1 3  

A P +  F ro n t W h e e l m o v e m e n ts  IQ R 1 4   4 .2 1  3 .7 1 -0 .5 0  2 .1 0   -6 .0 0  2 .0 0 0 .3 9 0  

A P +  v a r ia b le s  

V e h ic le  s p e e d  m e d ia n  2 0   6 0 .7 0  6 0 .9 5  0 .2 5  1 .1 1  -2 .4 8  3 .1 0 0 .3 3 0  

E n g in e  ro ta t io n  m e d ia n  2 0  1 5 3 2 .0  1 5 3 8 .0  6 .0   1 9 .6  -2 0 .0  6 0 .0 0 .1 8 6  

X  a c c e le ra t io n  m e d ia n  2 0   0 .1 2 9  0 .1 0 9 -0 .0 2 0  0 .1 9 7  -0 .7 4 0  0 .4 4 0  0 .6 6 4  

Y  a c c e le ra t io n  m e d ia n  2 0  -0 .1 1 8  -0 .1 5 7  -0 .0 4 0  0 .1 9 8  -0 .8 6 0  0 .1 6 0  0 .3 8 4  
A m b ie n t  l ig h t m e d ia n  1 9  1 2 8 .9 5  1 4 5 .0 5   1 6 .1 1 4 4 .9 9   -3 .0 0 1 4 9 .0 0  0 .1 3 6  

T a b le  4 :  C o P ilo t , S a fe T R A C , a n d  A P +  O u tc o m e s  
D e s c r ip tiv e  C o m p a r is o n s  o f  C h a n g e s  in  U n w e ig h te d  M e d ia n s  o r  In te rq u a r t ile  R a n g e s  ( IQ R )

Canada Study Phase 1 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N 
No  

Feedback  
Mean 

Feedback  
Mean 

Difference  
Mean 

Difference  
SE 

t-statistic Difference 
p-value 

Outcome variables 

CoPilot PERCLOS in night hours 16 3.73 3.16 -0.57 0.41 -1.38 0.187 
SafeTRAC Driver Alertness 

di
18 83.86 82.53 -1.33 0.41 -3.24 0.005 

AP+ Lateral distance IQR 18 30.26 30.49 0.23 0.83 0.27 0.788 
AP+ Steering wheel movements IQR 19 3.53 2.17 -1.36 1.25 -1.09 0.290 
AP+ Front Wheel movements IQR 14 3.66 3.67 0.01 0.38 0.02 0.985 

AP+ variables 
Vehicle speed median 20 61.14 61.21 0.07 0.19 0.36 0.726 
Engine rotation median 20 1537.8 1541.1 3.3 3.3 1.0 0.331 
X acceleration median 20 0.121 0.122 0.001 0.046 0.020 0.985 
Y acceleration median 20 -0.109 -0.186 -0.077 0.058 -1.330 0.199 
Ambient light median 19 136.54 144.13 7.59 6.51 1.17 0.259 

Table 5: CoPilot, SafeTRAC, and AP+ Outcomes 
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Medians or IQR's 

Notes:   Mean values and difference in mean values are model-predicted least squares estimates. 

Canada Study Phase 1 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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Outcomes 

Feedback No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes
SID 
1 . . 35.8 17.9 36.5 18.4 36.5 18.4 . . 36.5 18.4 36.5 18.4 36.5 18.4 36.5 18.4 36.5 18.4
2 9.7 22.8 46.3 69.2 48.7 70.1 48.7 70.1 . . 48.7 70.1 48.7 70.1 48.7 70.1 48.7 70.1 48.7 70.1
4 3.9 5.1 65.4 61.6 67.0 62.5 67.0 62.5 . . 67.0 62.5 67.0 62.5 67.0 62.5 67.0 62.5 67.0 62.5
5 7.9 1.1 24.8 8.0 25.2 8.0 25.2 8.0 25.2 8.0 25.2 8.0 25.2 8.0 25.2 8.0 25.2 8.0 25.2 8.0
6 10.9 4.6 21.5 12.5 21.6 12.6 21.6 12.6 . . 21.6 12.6 21.6 12.6 21.6 12.6 21.6 12.6 21.6 12.6
7 15.9 16.7 37.3 41.9 39.3 42.7 39.3 42.7 . . 39.3 42.7 39.3 42.7 39.3 42.7 39.3 42.7 39.3 42.7
8 10.0 5.6 40.5 37.3 41.7 37.6 41.7 37.6 41.7 37.6 41.7 37.6 41.7 37.6 41.7 37.6 41.7 37.6 41.7 37.6
10 16.8 18.7 90.9 95.7 97.9 96.6 97.9 96.6 97.9 96.6 97.9 96.6 97.9 96.6 97.9 96.6 97.9 96.6 97.9 96.6
11 7.4 10.0 . . . . 7.4 53.1 . . 7.4 53.1 7.4 53.1 7.4 53.1 7.4 53.1 7.4 53.1
12 0.3 . 4.8 21.9 4.8 22.0 4.8 22.0 4.8 22.0 4.8 22.0 4.8 22.0 4.8 22.0 4.8 22.0 4.8 22.0
13 . . . . . . 50.4 47.1 50.4 47.1 50.4 47.1 50.4 47.1 50.4 47.1 50.4 47.1 . .
15 10.5 11.7 67.0 73.4 68.3 75.2 68.3 75.2 68.3 75.2 68.3 75.2 68.3 75.2 68.3 75.2 68.3 75.2 68.3 75.2
17 3.2 . 23.3 8.6 23.6 8.6 23.6 8.6 23.6 8.6 23.6 8.6 23.6 8.6 23.6 8.6 23.6 8.6 23.6 8.6
18 30.8 8.4 121.8 55.3 126.8 59.1 126.8 59.1 126.8 59.1 126.8 59.1 126.8 59.1 126.8 59.1 126.8 59.1 126.8 59.1
19 3.3 1.5 7.6 7.1 7.7 7.2 7.7 7.2 7.7 7.2 7.7 7.2 7.7 7.2 7.7 7.2 7.7 7.2 7.7 7.2
21 18.1 28.3 63.9 71.2 64.4 72.6 64.4 72.6 64.4 72.6 64.4 72.6 64.4 72.6 64.4 72.6 64.4 72.6 64.4 72.6
22 8.6 13.7 59.9 55.1 64.9 57.2 64.9 57.2 64.9 57.2 64.9 57.2 64.9 57.2 64.9 57.2 64.9 57.2 64.9 57.2
23 1.1 2.6 5.5 7.7 5.7 7.9 . . 5.7 7.9 5.7 7.9 5.7 7.9 5.7 7.9 5.7 7.9 5.7 7.9
25 8.3 15.8 33.4 46.4 34.2 47.6 34.2 47.6 34.2 47.6 34.2 47.6 34.2 47.6 34.2 47.6 34.2 47.6 34.2 47.6
26 30.3 11.5 75.3 27.8 81.1 28.3 81.1 28.3 81.1 28.3 81.1 28.3 81.1 28.3 81.1 28.3 81.1 28.3 81.1 28.3

Mean 10.9 11.1 45.8 39.9 47.7 40.8 48.0 43.5 49.8 41.1 45.9 41.7 45.9 41.7 45.9 41.7 45.9 41.7 45.6 41.4

Front Wheel 
movements Vehicle speed Engine rotation X acceleration

Table 6: Total Durations Used as Weighting Factors in Mixed Model ANOVA 

PERCLOS  
Camera 

Lateral  
distance 

Driver's 
Alertness

Steering wheel 
movements Y acceleration Ambient light
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N 
No  

Feedback
Mean 

Feedback  

Mean 
Difference

Mean 
Difference

SD 
Difference

Min 
Difference

Max 
Difference

p-value 

Outcome variables 

CoPilot PERCLOS in night hours 16 6.65 5.03 -1.63 3.85 -10.52 2.80 0.112
SafeTRAC Driver Alertness  15 78.82 78.94 0.13 3.68 -6.52 7.12 0.894
AP+ Lateral distance standard deviation 15 33.71 32.13 -1.58 4.62 -12.14 4.49 0.207
AP+ Steering wheel movements SD 15 1.86 1.78 -0.09 1.36 -4.55 1.35 0.811
AP+ Front Wheel movements SD 11 3.06 2.73 -0.33 1.20 -3.47 1.11 0.381

AP+ variables  
Vehicle speed 16 57.63 57.72 0.09 2.17 -3.92 4.41 0.868
Engine rotation 16 1487.04

1
1488.81
9

1.779 34.621 -50.558 65.573 0.840
X acceleration 16 0.162 0.135 -0.027 0.199 -0.686 0.345 0.593
Y acceleration 16 -0.176 -0.217 -0.041 0.179 -0.690 0.156 0.372
Ambient light 16 3.45 5.19 1.74 3.97 -3.57 13.92 0.100

Table 7: CoPilot, SafeTRAC, and AP+ Outcomes at Night 
Descriptive Comparisons of Changes in Unweighted Means or Standard Deviations 

Canada Study Phase 1 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N 
No  

Feedback  
Mean 

Feedback  
Mean 

Difference  
Mean 

Difference  
SE 

t-statistic 
Difference 

p-value 

Outcome variables 

CoPilot (PERCLOS) in night hours 16 6.58 4.99 -1.60 0.89 -1.79 0.094 
SafeTRAC Driver Alertness 15 79.27 79.33 0.06 0.96 0.07 0.948 
AP+ Lateral distance standard deviation 15 31.95 30.17 -1.78 1.25 -1.42 0.178 
AP+ Steering wheel movements SD 15 1.69 1.81 0.13 0.21 0.63 0.542 
AP+ Front Wheel movements SD 11 2.96 2.83 -0.13 0.29 -0.44 0.671 

AP+ variables 

Vehicle speed mean 16 57.71 57.94 0.23 0.45 0.51 0.621 
Engine rotation mean 16 1487.350 1492.620 5.271 7.524 0.700 0.494 
X acceleration mean 16 0.162 0.133 -0.029 0.049 -0.600 0.560 
Y acceleration mean 16 -0.169 -0.223 -0.054 0.049 -1.100 0.290 
Ambient light mean 16 3.47 5.67 2.19 0.88 2.49 0.025 

Table 8: CoPilot, SafeTRAC, and AP+ Outcomes at Night 
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Means or SD's

Notes:   Mean values and difference in mean values are model-predicted least squares estimates. 

Canada Study Phase 1 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N  
No  

Feedback  
Mean 

Feedback  
Mean 

Difference  
Mean 

Difference  
SD  

Difference  
Min 

Difference  
Max 

Difference 
p-value 

Outcome variables 

CoPilot (PERCLOS) in night hours 
di

16 3.88 3.00 -0.88 2.31 -7.00 3.00 0.150 
SafeTRAC Driver Alertness 

di
15 79.13 79.60 0.47 4.70 -8.00 8.00 0.707 

AP+ Lateral distance IQR  15 33.33 32.53 -0.80 5.54 -14.00 6.00 0.585 
AP+ Steering wheel movements IQR  15 2.20 1.93 -0.27 1.67 -5.00 2.00 0.546 
AP+ Front W heel movements IQR  11 3.64 3.00 -0.64 2.38 -7.00 2.00 0.396 

AP+ variables 

Vehicle speed median 16 60.61 60.45 -0.16 2.21 -6.20 5.58 0.783 
Engine rotation median  16 1532.500 1530.000 -2.500 29.098 -60.000 80.000 0.736 
X acceleration median 16 0.151 0.131 -0.021 0.226 -0.750 0.450 0.720 
Y acceleration median 16 -0.168 -0.214 -0.047 0.223 -0.860 0.170 0.413 
Ambient light median 16 0.50 3.19 2.69 5.20 0.00 15.00 0.056 

Table 9: CoPilot, SafeTRAC, and AP+ Outcomes at Night 
Descriptive Comparisons of Changes in Unweighted Medians or Interquartile Ranges 

Canada Study Phase 1 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N  
N o  

F eedback  
M ean  

F eedback  
M ean  

D iffe rence  
M ean  

D iffe rence  
S E  

t-sta tis tic  
D iffe rence 

p -va lue  

O u tcom e  va riab les  

C oP ilo t (P E R C L O S ) in  n igh t hou rs  
d i

1 6  3 .7 3  3 .1 6  -0 .5 7  0 .4 1  -1 .38  0 .1 87  
S afeT R A C  D rive r A le rtness  m ed ian   1 5  79 .68  80 .20  0 .52  1 .2 0  0 .4 3  0 .6 72  
A P + La te ra l d is tan ce  IQ R  1 5  32 .55  31 .30  -1 .2 5  1 .4 8  -0 .84  0 .4 13  
A P + S tee ring  w h ee l m ove m e n ts IQ R  1 5  2 .0 5  2 .2 7  0 .22  0 .2 8  0 .7 7  0 .4 55  
A P + F ron t W hee l m ove m en ts  IQ R  1 1  3 .5 4  3 .3 6  -0 .1 8  0 .5 3  -0 .34  0 .7 39  

A P + va ria b les  

V eh ic le  speed  m ed ian  1 6  60 .71  60 .79  0 .08  0 .3 9  0 .2 2  0 .8 32  
E ng ine  ro ta tion  m ed ian  1 6  15 31 .270  15 32 .8 90  1 .619  6 .2 51  0 .260  0 .7 99  
X  a cce le ra tio n  m e d ian  1 6  0 .150  0 .1 27  -0 .0 23  0 .0 55  -0 .4 20  0 .6 84  
Y  a cce le ra tio n  m e d ian  1 6  -0 .1 60  -0 .2 23  -0 .0 63  0 .0 60  -1 .0 50  0 .3 11  
A m b ien t ligh t m ed ia n  1 6  0 .7 1  3 .9 5  3 .24  1 .2 4  2 .6 1  0 .0 20  

Tab le  10 : C o P ilo t, S a feTR AC , and  A P +  O u tc om es  at N igh t 
M ixed  M o del AN O V A C om p arison s  B ased  on  D o u b ly-W eig h ted  M ed ians  o r IQ R 's  

N o tes :    M e an  va lu es and  d iffe re nce  in  m e an  va lue s a re  m o de l-p re d ic ted  lea s t squa re s  e s tim a tes . 

Canada Study Phase 1 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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Outcomes 

Feedback No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes
SID 
2 9.7 22.8 9.1 22.4 9.7 22.8 9.7 22.8 . . 9.7 22.8 9.7 22.8 9.7 22.8 9.7 22.8 9.7 22.8
4 3.9 5.1 3.2 4.9 3.9 5.1 3.9 5.1 . . 3.9 5.1 3.9 5.1 3.9 5.1 3.9 5.1 3.9 5.1 
5 7.9 1.1 7.8 1.1 7.9 1.1 7.9 1.1 7.9 1.1 7.9 1.1 7.9 1.1 7.9 1.1 7.9 1.1 7.9 1.1 
6 10.9 4.6 10.9 4.6 10.9 4.6 10.9 4.6 . . 10.9 4.6 10.9 4.6 10.9 4.6 10.9 4.6 10.9 4.6 
7 15.9 16.7 15.4 16.3 15.9 16.7 15.9 16.7 . . 15.9 16.7 15.9 16.7 15.9 16.7 15.9 16.7 15.9 16.7
8 10.0 5.6 9.9 5.5 10.0 5.6 10.0 5.6 10.0 5.6 10.0 5.6 10.0 5.6 10.0 5.6 10.0 5.6 10.0 5.6 
10 16.8 18.7 16.5 18.3 16.8 18.7 16.8 18.7 16.8 18.7 16.8 18.7 16.8 18.7 16.8 18.7 16.8 18.7 16.8 18.7
11 7.4 10.0 . . . . 7.4 10.0 . . 7.4 10.0 7.4 10.0 7.4 10.0 7.4 10.0 7.4 10.0
12 0.3 . 0.3 . 0.3 . 0.3 . 0.3 . 0.3 . 0.3 . 0.3 . 0.3 . 0.3 . 
15 10.5 11.7 10.3 11.3 10.5 11.7 10.5 11.7 10.5 11.7 10.5 11.7 10.5 11.7 10.5 11.7 10.5 11.7 10.5 11.7
17 3.2 . 3.1 . 3.2 . 3.2 . 3.2 . 3.2 . 3.2 . 3.2 . 3.2 . 3.2 . 
18 30.8 8.4 30.0 8.1 30.8 8.4 30.8 8.4 30.8 8.4 30.8 8.4 30.8 8.4 30.8 8.4 30.8 8.4 30.8 8.4 
19 3.3 1.5 3.3 1.4 3.3 1.5 3.3 1.5 3.3 1.5 3.3 1.5 3.3 1.5 3.3 1.5 3.3 1.5 3.3 1.5 
21 18.1 28.3 18.0 28.1 18.1 28.3 18.1 28.3 18.1 28.3 18.1 28.3 18.1 28.3 18.1 28.3 18.1 28.3 18.1 28.3
22 8.6 13.7 8.5 13.3 8.6 13.7 8.6 13.7 8.6 13.7 8.6 13.7 8.6 13.7 8.6 13.7 8.6 13.7 8.6 13.7
23 1.1 2.6 1.0 2.6 1.1 2.6 . . 1.1 2.6 1.1 2.6 1.1 2.6 1.1 2.6 1.1 2.6 1.1 2.6 
25 8.3 15.8 8.1 15.6 8.3 15.8 8.3 15.8 8.3 15.8 8.3 15.8 8.3 15.8 8.3 15.8 8.3 15.8 8.3 15.8
26 30.3 11.5 29.5 11.4 30.3 11.5 30.3 11.5 30.3 11.5 30.3 11.5 30.3 11.5 30.3 11.5 30.3 11.5 30.3 11.5

Mean 10.9 11.1 10.9 11.0 11.2 11.2 11.5 11.7 11.5 10.8 10.9 11.1 10.9 11.1 10.9 11.1 10.9 11.1 10.9 11.1

Front Wheel 
movements

Vehicle speed Engine rotation X acceleration

Table 11: Total Durations Used as Weighting Factors in Mixed Model ANOVA for Night Outcomes 

PERCLOS  
Camera 

Lateral  
distance 

Driver's 
Alertness

Steering wheel 
movements

Y acceleration Ambient light
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ICC & No FB FB p-value No FB FB p-value No FB FB p-value FB TOD

Total trials among 20 drivers 98 80 109 84 73 53

Primary Variables 
Raw lapses (RT>500 ms) 0.473 0.009 1.95 3.89 0.000 1.66 2.30 0.052 2.51 2.34 0.332 --- ---

Median response time 0.709 0.051 246.8 257.8 0.003 245.3 254.0 0.009 256.3 255.6 0.851 --- ---

Post-PVT sleepiness 0.289 0.039 5.57 5.92 0.826 6.56 6.16 0.608 7.56 6.18 0.009 --- ---

Secondary Variables 
Transformed lapses 0.508 0.059 2.57 3.30 0.002 2.32 2.60 0.103 2.71 2.66 0.453 --- ---

Mean fastest 10% RT's 0.675 0.058 200.3 206.0 0.015 198.2 201.3 0.043 204.9 203.4 0.375 --- ---

Mean slowest 10% 1/RT's 0.607 0.088 2.69 2.47 0.004 2.78 2.62 0.064 2.58 2.60 0.589 --- ---

Total response errors 0.369 0.417 2.50 2.80 --- 3.61 3.03 --- 2.58 2.37 --- 0.579 0.036

Reciprocol RT slope 0.121 0.806 -0.032 -0.037 --- -0.028 0.037 --- -0.040 -0.040 --- 0.249 0.314

Grand mean RT 0.655 0.023 265.7 287.3 0.001 262.1 273.6 0.012 277.2 277.0 0.792 --- ---

RT standard deviation 0.368 0.444 82.6 111.5 --- 76.2 87.2 --- 91.2 103.7 --- 0.016 0.104

RT distribution asymmetry 0.195 0.592 0.216 0.225 --- 0.209 0.205 --- 0.208 0.202 --- 0.954 0.186

Pre-PVT sleepiness  0.429 0.019 5.49 5.80 0.878 6.31 5.78 0.389 7.22 5.64 0.017 --- ---

Notes:  
&  ICC Intraclass correlation controlling for time of day and feedback (FB) condition.
^   Mixed model ANOVA test for interaction, if significant then feedback effects were assessed at each time of day interval.
#  If interaction was not significant, it was removed and feedback and time of day effects were assessed as main effects.

Main Effects # 

Table 12: Psychomotor Vigilance Task (PVT)
Mixed Model ANOVA Predicted Mean Values by Condition and Time of Day 

Day Evening NightTest for 
Time*FB 

Interaction^

Canada Study Phase 1 results 
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Table 13: SleepWatch Actigraphic and Sleep Management Model Variables 
Mixed Model ANOVA Fixed Effects (Predicted Means and Differences in Means) 

  N 
No 

Feedback 
Mean 

Feedback 
Mean 

Difference 
Mean 

Difference 
SE 

t-
statistic 

Difference 
p-value 

Prior Sleep 20 387.83 392.33 4.50 9.03 0.500 0.6239 
Sleep Episodes 20 1.382 1.354 -0.028 0.041 -0.680 0.5017 
AMS (Actigraph Movement Score) 20 695.75 718.13 22.38 50.51 0.440 0.6627 
Sleep Efficiency 20 86.32 85.94 -0.38 1.25 -0.300 0.7642 
Sleep Performance Model (Max) 20 83.21 84.44 1.23 1.63 0.760 0.4591 
Sleep Performance Model (Min) 20 63.42 65.63 2.21 1.83 1.210 0.2409 

Notes:  Mean values and difference in mean values are model-predicted least squares estimates. 

 
 
 
 
 
 
 

Table 14: SleepWatch Actigraphic and Sleep Management Model Variables 
Mixed Model ANOVA Fixed Effects (Predicted Means and Differences in Means) 

  σ2
(driver)  σ2

(residual) σ2
(total) ICC p-value 

Prior Sleep 2630.5 815.5 3446.0 0.763 0.004 
Sleep Episodes 0.098 0.016 0.114 0.856 0.002 
AMS (Actigraph Movement Score) 86637.4 25515.1 112152.5 0.772 0.004 
Sleep Efficiency 7.6 15.7 23.2 0.326 0.088 
Sleep Performance Model (Max) 153.0 26.5 179.5 0.852 0.002 
Sleep Performance Model (Min) 125.4 33.3 158.7 0.790 0.003 
Note: ICC is the proportion of total variance across drivers and days explained by systematic driver 

variance after removing variance explained by the no feedback and feedback conditions. 

 

Canada Study Phase 1 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N 
No  

Feedback  
Mean 

Feedback  
Mean 

Difference  
Mean 

Difference  
SD 

Difference  
Min 

Difference  
Max 

Difference  
p-value 

Means 

Rest/Eating: Duration 19 0.386 0.346 -0.040 0.411 -1.074 0.643 0.673 
Rest/Sleep: Duration 19 0.505 0.574 0.069 1.396 -1.964 5.179 0.831 
Sleep/Nap out of vehicle: Duration 19 1.735 1.774 0.039 1.235 -1.643 3.692 0.893 
Sleep/Nap in vehicle: Duration 19 1.600 1.991 0.391 1.006 -1.151 2.581 0.108 

Medians 
Rest/Eating: Duration 19 0.079 0.178 0.099 0.313 -0.500 1.000 0.187 
Rest/Sleep: Duration 19 0.053 0.526 0.474 1.896 -1.000 8.000 0.291 
Sleep/Nap out of vehicle: Duration 19 1.145 1.487 0.342 1.407 -0.750 6.000 0.303 
Sleep/Nap in vehicle: Duration 19 1.178 1.849 0.671 3.120 -4.500 8.000 0.361 

Table 15: Diary Data - Mean Cumulative Daily Duration Variables 
Descriptive Comparisons of Changes in Means and Medians 

Canada Study Phase 1 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N 
No  

Feedback  
Mean 

Feedback  
Mean 

Difference  
Mean 

Difference  
SD 

Difference  
Min 

Difference  
Max 

Difference  
p-value 

Means 

Rest/Eating: Frequency 19 0.372 0.398 0.026 0.313 -0.462 0.733 0.726 
Rest/Sleep: Frequency 19 0.170 0.123 -0.047 0.322 -0.913 0.643 0.531 
Sleep/Nap out of vehicle: Frequency 19 0.261 0.267 0.006 0.161 -0.214 0.462 0.867 
Sleep/Nap in vehicle:Frequency 19 0.363 0.418 0.055 0.275 -0.279 0.933 0.396 

Medians 
Rest/Eating: Frequency 19 0.263 0.316 0.053 0.497 -1.000 1.000 0.650 
Rest/Sleep: Frequency 19 0.079 0.105 0.026 0.424 -1.000 1.000 0.790 
Sleep/Nap out of vehicle: Frequency 19 0.158 0.263 0.105 0.315 0.000 1.000 0.163 
Sleep/Nap out of vehicle: Frequency 19 0.395 0.368 -0.026 0.539 -1.500 1.000 0.834 

Table 16: Diary Data - Mean Frequency per Day Variables 
Descriptive Comparisons of Changes in Means and Medians 

Canada Study Phase 1 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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Table 17:  Diary results showing mean proportion of days that various conditions and activities 
occurred in the 2-week driving periods of both the FEEDBACK and NO FEEDBACK conditions for 
both Study Phase 1 (Canada) and Study Phase 2 (U.S.). 
 

 
Question 

Canada* 
No 

Feedback 
Canada* 

Feedback 
U.S.** 

No 
Feedback 

U.S.** 
Feedback 

Long delays for traffic 13% 11%   3%   1% 

Weather problems  13% 13% 19% 30% 

Slow moving on the road 13%   9%   5%   1% 

Traffic jams causing slowing 16% 14%   1%   2% 

Hilly roads causing slowing   6%   6%   7%   7% 

Considerable crosswinds 14% 19%   8%   6% 

Long wait for load assignment 16% 15%   2%   3% 

Rest break to hygiene/eating 34% 37% 16% 17% 

Duration of break for hygiene /eating (hours) 0.39 h 0.33 h 0.06 h 0.04 h 

Sleep/nap in truck sleeper berth (Canada) or 
on seat  (U.S.) 

79% of 
drivers 

85% of 
drivers 

50% of 
drivers 

30% of 
drivers 

Duration of sleep/nap in vehicle (hours) 1.60 h 1.89 h 0.12 h 0.06 h 

Day off from driving 20% 22% 33% 27% 

Physical activity on day off work 21% 22% 26% 16% 

FMT got driver’s attention 20% 25% 20% 25% 

Load and unload done by others 29% 29%   3%   3% 

Driver physically loads/unloads   8%   5% 15% 14% 

 
*Canada drivers operated single tractor-trailer units with sleeper berths. Approximately 26% of their 
driving was conducted during night. 
**U.S. drivers operated tandem tractor-trailer units without sleeper berths. Approximately 93% of their 
driving was conducted during night. 

 
 
 

Comparison of U.S. and Canada Daily Diary conditions and activities 
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SD

Difference 
Min

Difference 
Max

Difference 
p-value

Outcome variables

PERCLOS during night hours mean 9 7.58 6.52 -1.06 1.95 -4.45 1.51 0.140
SafeTRAC Driver's Alertness mean 9 70.10 75.33 5.23 6.65 -8.52 14.36 0.046
Lateral distance standard deviation 9 49.07 43.47 -5.60 12.00 -24.14 15.43 0.199
Steering wheel movements SD 7 0.70 0.85 0.15 0.07 0.01 0.25 0.002
Front Wheel movements SD 7 0.64 0.72 0.08 0.06 -0.04 0.15 0.014

Technical variables
Vehicle speed mean 9 60.10 60.06 -0.05 0.56 -0.72 0.98 0.812
Engine rotation mean 8 1503.1 1501.9 -1.2 14.5 -14.8 23.9 0.815
X acceleration mean 6 0.012 0.022 0.010 0.026 -0.005 0.063 0.400
Y acceleration mean 6 0.041 0.039 -0.002 0.010 -0.018 0.012 0.689
Ambient light mean 9 14.25 11.15 -3.10 13.49 -25.44 16.67 0.510

Table 18: AP+ and SafeTRAC Outcomes
Descriptive Comparisons of Changes in Unweighted Means or Standard Deviations

U.S. Study Phase 2 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SE

t-statistic Difference 
p-value

Outcome variables

PERCLOS during night hours mean 9 6.65 5.98 -0.66 0.38 -1.72 0.123
SafeTRAC Driver's Alertness mean 9 69.84 75.89 6.06 2.30 2.63 0.030
Lateral distance standard deviation 9 47.49 42.53 -4.96 4.15 -1.19 0.266
Steering wheel movements SD 7 0.67 0.83 0.16 0.03 6.29 0.001
Front W heel movements SD 7 0.62 0.71 0.09 0.02 3.89 0.008

Technical variables
Vehicle speed mean 9 60.45 60.60 0.15 0.16 0.90 0.393
Engine rotation mean 8 1504.9 1508.4 3.5 4.9 0.7 0.501
X acceleration mean 6 0.012 0.022 0.010 0.010 1.030 0.350
Y acceleration mean 6 0.041 0.040 -0.001 0.003 -0.370 0.728
Ambient light mean 9 12.78 9.82 -2.97 3.85 -0.77 0.463

Table 19: AP+ and SafeTRAC Outcomes
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Means or SD's

Notes:  Mean values and difference in mean values are model-predicted least squares estimates.

U.S. Study Phase 2 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SD

Difference 
Min

Difference 
Max

Difference 
p-value

Outcome variables

PERCLOS during night hours median 9 4.11 3.00 -1.11 1.27 -3.00 0.00 0.030
SafeTRAC Driver's Alertness median 9 71.22 76.22 5.00 6.86 -9.00 14.00 0.060
Lateral distance IQR 9 48.67 38.44 -10.22 17.62 -56.00 2.00 0.120
Steering wheel movements IQR 7 0.86 0.86 0.00 0.58 -1.00 1.00 1.000
Front Wheel movements IQR 7 0.86 0.71 -0.14 0.38 -1.00 0.00 0.356

Technical variables
Vehicle speed median 9 61.78 61.89 0.11 0.33 0.00 1.00 0.347
Engine rotation median 8 1520.0 1517.5 -2.5 12.8 -20.0 20.0 0.598
X acceleration median 6 0.012 0.020 0.008 0.031 -0.010 0.070 0.534
Y acceleration median 6 0.038 0.033 -0.005 0.008 -0.020 0.000 0.203
Ambient light median 9 0.00 0.00 0.00 0.00 0.00 0.00 .

Table 20: AP+ and SafeTRAC Outcomes
Descriptive Comparisons of Changes in Unweighted Medians or Interquartile Ranges

U.S. Study Phase 2 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SE

t-statistic Difference 
p-value

Outcome variables

PERCLOS during night hours median 9 3.47 2.64 -0.83 0.31 -2.70 0.027
SafeTRAC Driver's Alertness median 9 71.07 76.85 5.78 2.22 2.60 0.032
Lateral distance IQR 9 47.99 38.40 -9.59 6.25 -1.53 0.164
Steering wheel movements IQR 7 0.70 0.76 0.05 0.08 0.63 0.553
Front Wheel movements IQR 7 0.83 0.70 -0.13 0.13 -1.01 0.352

Technical variables
Vehicle speed median 9 61.97 62.14 0.18 0.23 0.75 0.473
Engine rotation median 8 1520.2 1522.8 2.7 2.5 1.1 0.325
X acceleration median 6 0.011 0.022 0.010 0.011 0.910 0.404
Y acceleration median 6 0.036 0.034 -0.002 0.002 -1.220 0.276
Ambient light median 9 . . . . . .

Table 21: AP+ and SafeTRAC Outcomes
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Medians or IQR's

Notes:  Mean values and difference in mean values are model-predicted least squares estimates.

U.S. Study Phase 2 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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Outcomes

Feedback No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes
SID
31 81.5 83.6 73.5 75.4 81.5 83.6 81.5 83.6 81.5 83.6 81.5 83.6 81.5 83.6 . . . .
32 65.4 29.5 72.9 39.5 79.6 41.7 79.6 41.7 79.6 41.7 79.6 41.7 79.6 41.7 . . . .
35 57.8 5.9 75.2 8.0 81.6 8.4 81.6 8.4 81.6 . 81.6 8.4 81.6 8.4 81.6 8.4 81.6 8.4
36 19.1 8.6 17.9 6.6 19.1 8.6 . . 19.1 8.6 19.1 8.6 19.1 8.6 19.1 8.6 19.1 8.6
37 43.2 45.2 35.4 37.0 43.2 45.2 43.2 45.2 43.2 45.2 43.2 45.2 43.2 45.2 43.2 45.2 43.2 45.2
38 82.5 73.8 77.0 68.9 82.5 73.8 82.5 73.8 82.5 73.8 82.5 73.8 82.5 73.8 82.5 73.8 82.5 73.8
40 28.9 73.9 25.9 68.4 28.9 74.8 28.9 74.8 28.9 74.8 28.9 74.8 28.9 74.8 28.9 74.8 28.9 74.8
41 44.7 50.7 37.0 39.2 44.7 50.7 44.7 50.7 44.7 50.7 44.7 50.7 44.7 50.7 44.7 50.7 44.7 50.7
42 56.7 25.9 65.2 24.3 68.8 26.1 . . 68.8 . 68.8 26.1 . . . . . .

Mean 53.3 44.1 53.3 40.8 58.9 45.9 63.1 54.0 58.9 54.1 58.9 45.9 57.6 48.4 50.0 43.6 50.0 43.6

Vehicle speed Engine rotation X acceleration

Table 22: Total Durations Used as Weighting Factors in Mixed Model ANOVA

PERCLOS 
Camera

Lateral 
distance

Driver's 
Alertness

Steering wheel 
movements Y accelerationFront Wheel 

movements

U.S. Study Phase 2 results 
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ICC& No FB FB p-value No FB FB p-value No FB FB p-value FB TOD

Total trials among 12 drivers 37 32 12 3 178 174

Primary Variables
Raw lapses (RT>500 ms) 0.303 0.331 3.43 6.02 0.134 -0.66 5.82 0.233 3.12 4.59 0.016 0.005 0.088

Median response time 0.246 0.555 257.1 277.6 0.125 227.2 258.3 0.367 243.7 258.0 0.000 0.000 0.002

Post test sleepiness 0.429 0.112 4.51 5.97 0.172 1.83 8.44 0.051 3.29 5.33 0.000 <.0001 0.082

Secondary Variables
Transformed lapses 0.334 0.359 3.65 4.32 0.222 1.45 4.17 0.240 2.89 3.63 0.004 0.002 0.011

Mean fastest 10% RT's 0.603 0.752 201.3 203.9 0.550 185.9 190.0 0.496 190.1 195.2 0.002 0.002 <.0001

Mean slowest 10% 1/RT's 0.347 0.421 2.21 1.83 0.062 3.05 2.27 0.294 2.55 2.28 0.001 0.000 0.000

Total response errors 0.606 0.609 3.20 5.10 0.215 4.41 3.80 0.645 4.18 5.06 0.038 0.038 0.734

Reciprocol RT slope 0.156 0.102 -0.035 -0.066 0.087 -0.034 -0.033 0.907 -0.040 -0.031 0.160 0.664 0.339

Grand mean RT 0.304 0.566 280.1 298.2 0.197 212.3 297.0 0.285 282.7 307.8 0.021 0.011 0.071

RT standard deviation 0.273 0.402 117.5 120.5 0.659 1.2 196.6 0.258 136.9 170.0 0.162 0.113 0.132

RT distribution asymmetry 0.215 0.273 0.225 0.259 0.164 0.197 0.284 0.302 0.222 0.237 0.061 0.014 0.464

Pre test sleepiness 0.367 0.110 4.57 5.13 0.722 1.82 7.22 0.064 3.16 5.09 0.000 <.0001 0.139

Notes: 
& ICC Intraclass correlation controlling for time of day and feedback condition.
 ̂ Mixed model ANOVA test for interaction, if significant then feedback effects were assessed at each time of day interval.

# If interaction was not significant, it was removed and feedback and time of day effects were assessed as main effects.

Main Effects#

Table 23: PVT Outcomes
Mixed Model ANOVA Predicted Mean Values by Condition and Time of Day

Day Evening NightTest for 
Time*FB 

Interaction^

U.S. Study Phase 2 results 
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Outcome variables N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SE t-statistic Difference 

p-value

Prior Sleep 10 337.43 353.30 15.87 17.175 0.920 0.380

Sleep Episodes 10 1.875 2.114 0.239 0.102 2.330 0.045

AMS (Actigraphy Movement Score) 10 1920.50 2068.17 147.67 104.86 1.410 0.193
Sleep Efficiency 10 69.658 64.634 -5.024 4.739 -1.060 0.317
Sleep Performance Model (Max) 10 86.262 86.236 -0.027 1.977 -0.010 0.990
Sleep Performance Model (Min) 10 62.969 63.713 0.744 1.953 0.380 0.712

Table 24: Actigraphy Variables
Mixed Model ANOVA Fixed Effects (Predicted Means and Differences in Means)

Notes:  Mean values and difference in mean values are model-predicted least squares estimates.

U.S. Study Phase 2 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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Outcome variables Sigma2
(driver) Sigma2

(residual) Sigma2
(total) ICC p-value

Prior Sleep 2527.6 1474.94 4002.58 0.632 0.055
Sleep Episodes 0.048 0.052 0.101 0.481 0.097
AMS (Actigraphy Movement Score) 3553863.8 54974.8 3608838.6 0.985 0.018
Sleep Efficiency 301.9 112.3 414.2 0.729 0.039
Sleep Performance Model (Max) 30.0 19.5 49.5 0.606 0.060
Sleep Performance Model (Min) 17.0 19.1 36.0 0.471 0.101

Table 25: Actigraphy Variables
Mixed Model ANOVA Random Effects and Intraclass Correlations

Note: ICC is the proportion of total variance across drivers and days explained by systematic driver variance 
after removing variance explained by the no feedback and feedback conditons.

U.S. Study Phase 2 results 
Intraclass Correlations Coefficients
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N
No 

Feedback 
Mean

Fedback 
Mean

Difference 
Mean

Difference 
SD

Difference 
Min

Difference 
Max

Difference 
p-value

Outcome variables

PERCLOS during night hours mean 9 7.58 6.52 -1.06 1.95 -4.45 1.51 0.140
SafeTRAC Driver's Alertness mean 9 70.67 75.62 4.95 6.52 -8.70 14.36 0.052
Lateral distance standard deviation 9 48.53 43.55 -4.98 11.05 -18.46 15.43 0.213
Steering wheel movements SD 7 0.66 0.84 0.18 0.10 0.01 0.35 0.004
Front Wheel movements SD 7 0.63 0.72 0.08 0.06 -0.04 0.15 0.013

Technical variables
Vehicle speed mean 9 60.16 60.13 -0.04 0.60 -0.85 0.98 0.861
Engine rotation mean 8 1504.1 1503.0 -1.0 14.8 -19.9 23.9 0.853
X acceleration mean 6 0.012 0.022 0.010 0.026 -0.005 0.063 0.401
Y acceleration mean 6 0.041 0.039 -0.002 0.009 -0.017 0.012 0.701
Ambient light mean 9 3.306 0.521 -2.785 8.098 -24.364 0.249 0.332

Table 26: AP+ and SafeTRAC Outcomes at Night
Descriptive Comparisons of Changes in Unweighted Means or Standard Deviations

U.S. Study Phase 2 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedback 
Mean

Fedback 
Mean

Difference 
Mean

Difference 
SE

t-statistic Difference 
p-value

Outcome variables

PERCLOS during night hours mean 9 6.65 5.98 -0.66 0.38 -1.72 0.123
SafeTRAC Driver's Alertness mean 9 70.48 76.47 5.99 2.29 2.61 0.031
Lateral distance standard deviation 9 46.70 42.76 -3.94 3.96 -0.99 0.349
Steering wheel movements SD 7 0.64 0.81 0.17 0.03 5.73 0.001
Front Wheel movements SD 7 0.62 0.71 0.09 0.02 3.86 0.008

Technical variables
Vehicle speed mean 9 60.51 60.66 0.15 0.18 0.84 0.424
Engine rotation mean 8 1505.6 1509.3 3.7 5.2 0.7 0.493
X acceleration mean 6 0.012 0.023 0.010 0.010 1.040 0.346
Y acceleration mean 6 0.041 0.040 -0.001 0.002 -0.270 0.798
Ambient light mean 9 2.456 0.610 -1.847 2.011 -0.920 0.385

Table 27: AP+ and SafeTRAC Outcomes at Night
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Means or SD's

Notes:  Mean values and difference in mean values are model-predicted least squares estimates.

U.S. Study Phase 2 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SD

Difference 
Min

Difference 
Max

Difference 
p-value

Outcome variables

PERCLOS during night hours median 9 4.11 3.00 -1.11 1.27 -3.00 0.00 0.030
SafeTRAC Driver's Alertness median 9 71.44 76.56 5.11 6.88 -9.00 14.00 0.056
Lateral distance IQR 9 45.78 38.22 -7.56 9.37 -30.00 2.00 0.042
Steering wheel movements IQR 7 0.86 0.86 0.00 0.58 -1.00 1.00 1.000
Front Wheel movements IQR 7 0.86 0.71 -0.14 0.38 -1.00 0.00 0.356

Technical variables
Vehicle speed median 9 61.89 61.89 0.00 0.50 -1.00 1.00 1.000
Engine rotation median 8 1520.0 1520.0 0.0 10.7 -20.0 20.0 1.000
X acceleration median 6 0.012 0.020 0.008 0.031 -0.010 0.070 0.534
Y acceleration median 6 0.037 0.033 -0.003 0.005 -0.010 0.000 0.175
Ambient light median 9 0.00 0.00 0.00 0.00 0.00 0.00 .

Table 28: AP+ and SafeTRAC Outcomes at Night
Descriptive Comparisons of Changes in Unweighted Medians or Interquartile Ranges

U.S. Study Phase 2 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SE

t-statistic Difference 
p-value

Outcome variables

PERCLOS during night hours median 9 3.47 2.64 -0.83 0.31 -2.70 0.027
SafeTRAC Driver's Alertness median 9 71.36 77.27 5.91 2.21 2.67 0.028
Lateral distance IQR 9 44.38 37.41 -6.97 3.52 -1.98 0.083
Steering wheel movements IQR 7 0.71 0.75 0.04 0.07 0.54 0.611
Front Wheel movements IQR 7 0.83 0.69 -0.14 0.13 -1.04 0.339

Technical variables
Vehicle speed median 9 62.07 62.29 0.22 0.23 0.96 0.363
Engine rotation median 8 1522.8 1521.5 -1.3 5.7 -0.2 0.828
X acceleration median 6 0.011 0.022 0.010 0.011 0.920 0.398
Y acceleration median 6 0.036 0.034 -0.002 0.002 -1.170 0.295
Ambient light median 9 . . . . . .

Table 29: AP+ and SafeTRAC Outcomes at Night
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Medians or IQR's

Notes:  Mean values and difference in mean values are model-predicted least squares estimates.

U.S. Study Phase 2 results 
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Outcomes

Feedback No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes
SID
31 81.5 83.6 73.5 75.4 81.5 83.6 81.5 83.6 81.5 83.6 81.5 83.6 81.5 83.6 . . . .
32 65.4 29.5 59.1 27.7 65.4 29.5 65.4 29.5 65.4 29.5 65.4 29.5 65.4 29.5 . . . .
35 57.8 5.9 54.1 5.6 57.8 5.9 57.8 5.9 57.8 . 57.8 5.9 57.8 5.9 57.8 5.9 57.8 5.9
36 19.1 8.6 17.9 6.6 19.1 8.6 . . 19.1 8.6 19.1 8.6 19.1 8.6 19.1 8.6 19.1 8.6
37 43.2 45.2 35.4 37.0 43.2 45.2 43.2 45.2 43.2 45.2 43.2 45.2 43.2 45.2 43.2 45.2 43.2 45.2
38 82.5 73.8 77.0 68.9 82.5 73.8 82.5 73.8 82.5 73.8 82.5 73.8 82.5 73.8 82.5 73.8 82.5 73.8
40 28.9 73.9 25.8 67.4 28.9 73.9 28.9 73.9 28.9 73.9 28.9 73.9 28.9 73.9 28.9 73.9 28.9 73.9
41 44.7 50.7 37.0 39.2 44.7 50.7 44.7 50.7 44.7 50.7 44.7 50.7 44.7 50.7 44.7 50.7 44.7 50.7
42 56.7 25.9 53.7 24.0 56.7 25.9 . . 56.7 . 56.7 25.9 . . . . . .

Mean 53.3 44.1 48.2 39.1 53.3 44.1 57.7 51.8 53.3 52.2 53.3 44.1 52.9 46.4 46.0 43.0 46.0 43.0

Engine rotation X acceleration

Table 30: Total Durations Used as Weighting Factors in Mixed Model ANOVA for Night Outcomes

PERCLOS 
Camera

Lateral 
distance

Driver's 
Alertness

Steering wheel 
movements Y accelerationFront Wheel 

movements Vehicle speed

U.S. Study Phase 2 results 
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SD

Difference 
Min

Difference 
Max

Difference 
p-value

Means
Rest/Eating: Duration 10 0.057 0.036 -0.020 0.100 -0.283 0.077 0.538
Rest/Sleep: Duration 10 0.111 0.092 -0.018 0.073 -0.190 0.079 0.451
Sleep/Nap out of vehicle: Duration 10 1.583 1.754 0.171 0.515 -0.340 1.278 0.321
Sleep/Nap in vehicle: Duration 10 0.116 0.061 -0.056 0.257 -0.745 0.180 0.511

Medians
Rest/Eating: Duration 10 0.000 0.034 0.034 0.072 0.000 0.170 0.168
Rest/Sleep: Duration 10 0.000 0.000 0.000 0.000 0.000 0.000 .
Sleep/Nap out of vehicle: Duration 10 1.750 1.925 0.175 0.334 0.000 1.000 0.132
Sleep/Nap in vehicle: Duration 10 0.000 0.000 0.000 0.000 0.000 0.000 .

Table 31: Diary Data -Mean Cumulative Daily Duration Variables
Descriptive Comparisons of Changes in Means and Medians

U.S. Study Phase 2 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SD

Difference 
Min

Difference 
Max

Difference 
p-value

Means
Rest/Eating: Frequency 10 0.172 0.180 0.009 0.237 -0.467 0.367 0.912
Rest/Sleep: Frequency 10 0.167 0.169 0.002 0.085 -0.111 0.167 0.939
Sleep/Nap out of vehicle: Frequency 10 0.262 0.271 0.009 0.062 -0.059 0.167 0.660
Sleep/Nap in vehicle:Frequency 10 0.076 0.094 0.018 0.113 -0.118 0.219 0.625

Medians
Rest/Eating: Frequency 10 0.000 0.200 0.200 0.422 0.000 1.000 0.168
Rest/Sleep: Frequency 10 0.000 0.000 0.000 0.000 0.000 0.000 .
Sleep/Nap out of vehicle: Frequency 10 0.300 0.300 0.000 0.000 0.000 0.000 .
Sleep/Nap out of vehicle: Frequency 10 0.000 0.000 0.000 0.000 0.000 0.000 .

Table 32: Diary Data -Mean Frequency per Day Variables
Descriptive Comparisons of Changes in Means and Medians

U.S. Study Phase 2 results 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedback  
M ean

Feedback  
M ean

Difference 
M ean

Difference 
S D

Difference 
M in

Difference 
M ax

Difference 
p-value

US A
P E RCLOS  during night hours  m ean 9 7.58 6.52 -1.06 1.95 -4.45 1.51 0.140
S afeTRA C Driver's  A lertness  m ean 9 70.10 75.33 5.23 6.65 -8.52 14.36 0.046
Lateral dis tance s tandard deviation 9 49.07 43.47 -5.60 12.00 -24.14 15.43 0.199
S teering wheel m ovem ents  S D 7 0.70 0.85 0.15 0.07 0.01 0.25 0.002
Front wheel m ovem ents  SD 7 0.64 0.72 0.08 0.06 -0.04 0.15 0.014

Ca na da
P E RCLOS  during night hours  m ean 16 6.65 5.03 -1.63 3.85 -10.52 2.80 0.112
S afeTRA C Driver's  A lertness  m ean 18 82.58 81.80 -0.78 1.94 -4.93 2.32 0.107
Lateral dis tance s tandard deviation 18 32.41 31.88 -0.53 2.74 -4.66 5.03 0.424
S teering wheel m ovem ents  S D 19 3.21 2.31 -0.90 4.09 -14.24 3.95 0.349
Front wheel m ovem ents  SD 14 3.27 3.05 -0.22 1.13 -3.58 1.09 0.485

US A vs. Ca na da  p-va lue s
P E RCLOS  during night hours  m ean 25 0.612 0.280 0.687
S afeTRA C Driver's  A lertness  m ean 27 0.001 0.121 0.001
Lateral dis tance s tandard deviation 27 < .0001 0.000 0.095
S teering wheel m ovem ents  S D 26 0.097 0.052 0.508
Front wheel m ovem ents  SD 21 < .0001 < .0001 0.499

Table 33: AP+ and SafeTR AC  Outcomes
D escriptive C omparisons of C hanges in  U nw eighted Means or S tandard D eviations

Comparison of FEEDBACK condition versus NO FEEDBACK condition 
 p values between U.S. and Canada Comparison Study Phases 
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SD

Difference 
Min

Difference 
Max

Difference 
p-value

Pooled (USA and Canada)
PERCLOS during night hours mean 25 6.99 5.56 -1.42 3.26 -10.52 2.80 0.039
SafeTRAC Driver's Alertness mean 27 78.42 79.64 1.22 4.94 -8.52 14.36 0.210
Lateral distance standard deviation 27 37.97 35.75 -2.22 7.42 -24.14 15.43 0.132
Steering wheel movements SD 26 2.53 1.92 -0.62 3.50 -14.24 3.95 0.377
Front wheel movements SD 21 2.39 2.27 -0.12 0.92 -3.58 1.09 0.566

Table 34: AP+ and SafeTRAC Outcomes
Descriptive Comparisons of Changes in Unweighted Means or Standard Deviations

Pooled Data (Canada Study Phase 1 and U.S. Study Phase 2) 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedback  
M ean

Feedback  
M ean

Difference 
M ean

Difference 
S E

t-s tatis tic Difference 
p-value

US A
P E RCLOS  during night hours  m ean 9 6.65 5.98 -0.66 0.38 -1.72 0.123
S afeTRA C Driver's  A lertness  m ean 9 69.84 75.89 6.06 2.30 2.63 0.030
Lateral dis tance s tandard deviation 9 47.49 42.53 -4.96 4.15 -1.19 0.266
S teering wheel m ovem ents  S D 7 0.67 0.83 0.16 0.03 6.29 0.001
Front wheel m ovem ents  S D 7 0.62 0.71 0.09 0.02 3.89 0.008

Ca na da
P E RCLOS  during night hours  m ean 16 6.58 4.99 -1.60 0.89 -1.79 0.094
S afeTRA C Driver's  A lertness  m ean 18 82.42 82.18 -0.24 0.47 -0.50 0.620
Lateral dis tance s tandard deviation 18 30.02 29.92 -0.10 0.78 -0.12 0.903
S teering wheel m ovem ents  S D 19 2.75 1.97 -0.78 0.85 -0.92 0.372
Front wheel m ovem ents  S D 14 3.10 3.00 -0.09 0.26 -0.35 0.733

US A vs. Ca na da  p-va lue s
P E RCLOS  during night hours  m ean 25 0.853 0.440 0.767
S afeTRA C Driver's  A lertness  m ean 27 0.001 0.178 0.009
Lateral dis tance s tandard deviation 27 0.000 < .0001 < .0001
S teering wheel m ovem ents  S D 26 0.091 0.017 0.018
Front wheel m ovem ents  S D 21 < .0001 < .0001 < .0001

Table 35:  AP + and S afeTR AC  Outcomes
Mixed  Model AN OV A C om parisons B ased on D oubly-W eighted Means or S D 's

Comparison of FEEDBACK condition versus NO FEEDBACK condition 
 p values between U.S. and Canada Comparison Study Phases
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SE

t-statistic Difference 
p-value

Pooled (USA and Canada)
PERCLOS during night hours mean 25 6.42 5.49 -0.93 0.44 -2.08 0.048
SafeTRAC Driver's Alertness mean 27 78.01 80.09 2.07 1.02 2.04 0.052
Lateral distance standard deviation 27 36.15 34.18 -1.97 1.50 -1.32 0.200
Steering wheel movements SD 26 2.07 1.62 -0.46 0.62 -0.73 0.472
Front wheel movements SD 21 2.25 2.21 -0.04 0.18 -0.21 0.836

Table 36: AP+ and SafeTRAC Outcomes
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Means or SD's

Pooled Data (Canada Study Phase 1 and U.S. Study Phase 2) 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedbac k  
M ean

Feedbac k  
M ean

Differenc e 
M ean

Differenc e 
S D

Differenc e 
M in

Differenc e 
M ax

Differenc e 
p-value

US A
P E RCLO S  during night hours  m edian 9 4.11 3.00 -1.11 1.27 -3.00 0.00 0.030
S afeTRA C Driver's  A lertnes s  m edian 9 71.22 76.22 5.00 6.86 -9.00 14.00 0.060
Lateral d is tanc e IQ R 9 48.67 38.44 -10.22 17.62 -56.00 2.00 0.120
S teering wheel m ovem ents  IQ R 7 0.86 0.86 0.00 0.58 -1.00 1.00 1.000
F ront wheel m ovem ents  IQ R 7 0.86 0.71 -0.14 0.38 -1.00 0.00 0.356

Ca na d a
P E RCLO S  during night hours  m edian 16 3.88 3.00 -0.88 2.31 -7.00 3.00 0.150
S afeTRA C Driver's  A lertnes s  m edian 18 83.78 82.39 -1.39 2.12 -6.00 1.00 0.013
Lateral d is tanc e s tandard IQ R 18 31.56 31.22 -0.33 3.16 -6.00 6.00 0.660
S teering wheel m ovem ents  IQ R 19 3.89 2.89 -1.00 6.53 -22.00 10.00 0.513
F ront wheel m ovem ents  IQ R 14 4.21 3.71 -0.50 2.10 -6.00 2.00 0.390

US A vs. Ca na da  p -va lue s
P E RCLO S  during night hours  m edian 25 0.847 1.000 0.780
S afeTRA C Driver's  A lertnes s  m edian 27 0.001 0.137 0.001
Lateral d is tanc e IQ R 27 0.003 0.027 0.027
S teering wheel m ovem ents  IQ R 26 0.180 0.065 0.693
F ront wheel m ovem ents  IQ R 21 0.000 < .0001 0.665

T ab le  37 :  AP + an d  S afeT R AC  Ou tco m es
D escrip tive  C o m p ariso n s  o f C h an g es  in  U n w eig h ted  M ed ian s  o r In terq u artile  R an g es

Comparison of FEEDBACK condition versus NO FEEDBACK condition 
 p values between U.S. and Canada Comparison Study Phases
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SD

Difference 
Min

Difference 
Max

Difference 
p-value

Pooled (USA and Canada)
PERCLOS during night hours median 25 3.96 3.00 -0.96 1.97 -7.00 3.00 0.023
SafeTRAC Driver's Alertness median 27 79.59 80.33 0.74 5.18 -9.00 14.00 0.464
Lateral distance IQR 27 37.26 33.63 -3.63 11.16 -56.00 6.00 0.103
Steering wheel movements IQR 26 3.08 2.35 -0.73 5.57 -22.00 10.00 0.510
Front wheel movements IQR 21 3.10 2.71 -0.38 1.72 -6.00 2.00 0.321

Table 38: AP+ and SafeTRAC Outcomes
Descriptive Comparisons of Changes in Unweighted Medians or Interquartile Ranges

Pooled Data (Canada Study Phase 1 and U.S. Study Phase 2) 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedbac k  
M ean

Feedbac k  
M ean

Differenc e 
M ean

Differenc e 
S E

t-s tat is t ic D ifferenc e 
p-value

US A
P E RCLO S  during night hours  m edian 9 3.47 2.64 -0.83 0.31 -2.70 0.027
S afeTRA C Driver's  A lertnes s  m edian 9 71.07 76.85 5.78 2.22 2.60 0.032
Lateral dis tanc e IQ R 9 47.99 38.40 -9.59 6.25 -1.53 0.164
S teering wheel m ovem ents  IQ R 7 0.70 0.76 0.05 0.08 0.63 0.553
Front wheel m ovem ents  IQ R 7 0.83 0.70 -0.13 0.13 -1.01 0.352

Ca na da
P E RCLO S  during night hours  m edian 16 3.73 3.16 -0.57 0.41 -1.38 0.187
S afeTRA C Driver's  A lertnes s  m edian 18 83.86 82.53 -1.33 0.41 -3.24 0.005
Lateral dis tanc e IQ R 18 30.26 30.49 0.23 0.83 0.27 0.788
S teering wheel m ovem ents  IQ R 19 3.53 2.17 -1.36 1.25 -1.09 0.290
Front wheel m ovem ents  IQ R 14 3.66 3.67 0.01 0.38 0.02 0.985

US A vs. Ca na da  p -va lue s
P E RCLO S  during night hours  m edian 25 0.826 0.528 0.725
S afeTRA C Driver's  A lertnes s  m edian 27 0.001 0.196 0.008
Lateral dis tanc e IQ R 27 0.010 0.029 0.010
S teering wheel m ovem ents  IQ R 26 0.139 0.035 0.046
Front wheel m ovem ents  IQ R 21 0.001 < .0001 < .0001

T ab le  39:  AP + an d  S afeT R AC  Ou tco m es
M ixed  M o d el AN OV A C o m p ariso n s B ased  o n  D o u b ly-W eig h ted  M ed ian s  o r IQR 's

Comparison of FEEDBACK condition versus NO FEEDBACK condition 
 p values between U.S. and Canada Comparison Study Phases
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SE

t-statistic Difference 
p-value

Pooled (USA and Canada)
PERCLOS during night hours median 25 3.66 2.91 -0.75 0.23 -3.24 0.004
SafeTRAC Driver's Alertness median 27 79.39 80.65 1.26 1.04 1.22 0.234
Lateral distance IQR 27 36.62 33.35 -3.27 2.24 -1.46 0.155
Steering wheel movements IQR 26 2.59 1.74 -0.85 0.92 -0.93 0.359
Front wheel movements IQR 21 2.71 2.64 -0.07 0.26 -0.27 0.791

Table 40: AP+ and SafeTRAC Outcomes
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Medians or IQR's

Pooled Data (Canada Study Phase 1 and U.S. Study Phase 2) 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

F eedbac k  
M ean

F eedbac k  
M ean

D ifferenc e 
M ean

D ifferenc e 
S D

D ifferenc e 
M in

D ifferenc e 
M ax

D ifferenc e 
p-va lue

US A
P E RCLO S  during n igh t  hours  m ean 9 7.58 6.52 -1.06 1.95 -4.45 1.51 0.140
S afeTRA C Driver's  A lertnes s  m ean 9 70.67 75.62 4.95 6.52 -8.70 14.36 0.052
Latera l d is tanc e s tandard devia t ion 9 48.53 43.55 -4.98 11.05 -18.46 15.43 0.213
S teering wheel m ovem ents  S D 7 0.66 0.84 0.18 0.10 0.01 0.35 0.004
F ront  whee l m ovem ents  S D 7 0.63 0.72 0.08 0.06 -0.04 0.15 0.013

Ca n a d a
P E RCLO S  during n igh t  hours  m ean 16 6.65 5.03 -1.63 3.85 -10.52 2.80 0.112
S afeTRA C Driver's  A lertnes s  m ean 15 78.82 78.94 0.13 3.68 -6.52 7.12 0.894
Latera l d is tanc e s tandard devia t ion 15 33.71 32.13 -1.58 4.62 -12.14 4.49 0.207
S teering wheel m ovem ents  S D 15 1.86 1.78 -0.09 1.36 -4.55 1.35 0.811
F ront  whee l m ovem ents  S D 11 3.06 2.73 -0.33 1.20 -3.47 1.11 0.381

US A vs. Ca n a d a  p -va lu e s
P E RCLO S  during n igh t  hours  m ean 25 0.612 0.280 0.687
S afeTRA C Driver's  A lertnes s  m ean 24 0.064 0.482 0.029
Latera l d is tanc e s tandard devia t ion 24 0.001 0.000 0.301
S teering wheel m ovem ents  S D 22 0.016 < .0001 0.616
F ront  whee l m ovem ents  S D 18 0.000 < .0001 0.379

T a b le  4 1 :  AP + a n d  S a fe T R AC  O u tc o m e s  a t N ig h t
D e s c rip tiv e  C o m p a ris o n s  o f C h a n g e s  in  U n w e ig h te d  M e a n s  o r S ta n d a rd  D e v ia tio n s

Comparison of FEEDBACK condition versus NO FEEDBACK condition 
 p values between U.S. and Canada Comparison Study Phases
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SD

Difference 
Min

Difference 
Max

Difference 
p-value

Pooled (USA and Canada)
PERCLOS during night hours mean 25 6.99 5.56 -1.42 3.26 -10.52 2.80 0.039
SafeTRAC Driver's Alertness mean 24 75.76 77.70 1.94 5.36 -8.70 14.36 0.090
Lateral distance standard deviation 24 39.27 36.41 -2.85 7.64 -18.46 15.43 0.080
Steering wheel movements SD 22 1.48 1.48 0.00 1.12 -4.55 1.35 0.997
Front wheel movements SD 18 2.11 1.94 -0.17 0.94 -3.47 1.11 0.456

Table 42: AP+ and SafeTRAC Outcomes at Night
Descriptive Comparisons of Changes in Unweighted Means or Standard Deviations

Pooled Data (Canada Study Phase 1 and U.S. Study Phase 2) 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
N o  

F e e d b a c k  
M e a n

F e e d b a c k  
M e a n

D iffe re n c e  
M e a n

D iffe re n c e  
S E

t -s ta t is t ic D iffe re n c e  
p -va lu e

U S A
P E R C L O S  d u rin g  n ig h t  h o u rs  m e a n 9 6 . 6 5 5 . 9 8 -0 .6 6 0 . 3 8 -1 .7 2 0 .1 2 3
S a fe TR A C  D rive r's  A le rtn e s s  m e a n 9 7 0 .4 8 7 6 .4 7 5 . 9 9 2 . 2 9 2 .6 1 0 .0 3 1
L a te ra l d is t a n c e  s t a n d a rd  d e via t io n 9 4 6 .7 0 4 2 .7 6 -3 .9 4 3 . 9 6 -0 .9 9 0 .3 4 9
S t e e rin g  w h e e l m o ve m e n t s  S D 7 0 . 6 4 0 . 8 1 0 . 1 7 0 . 0 3 5 .7 3 0 .0 0 1
F ro n t  w h e e l m o ve m e n ts  S D 7 0 . 6 2 0 . 7 1 0 . 0 9 0 . 0 2 3 .8 6 0 .0 0 8

C a n a d a
P E R C L O S  d u rin g  n ig h t  h o u rs  m e a n 1 6 6 . 5 8 4 . 9 9 -1 .6 0 0 . 8 9 -1 .7 9 0 .0 9 4
S a fe TR A C  D rive r's  A le rtn e s s  m e a n 1 5 7 9 .2 7 7 9 .3 3 0 . 0 6 0 . 9 6 0 .0 7 0 .9 4 8
L a te ra l d is t a n c e  s t a n d a rd  d e via t io n 1 5 3 1 .9 5 3 0 .1 7 -1 .7 8 1 . 2 5 -1 .4 2 0 .1 7 8
S t e e rin g  w h e e l m o ve m e n t s  S D 1 5 1 . 6 9 1 . 8 1 0 . 1 3 0 . 2 1 0 .6 3 0 .5 4 2
F ro n t  w h e e l m o ve m e n ts  S D 1 1 2 . 9 6 2 . 8 3 -0 .1 3 0 . 2 9 -0 .4 4 0 .6 7 1

U S A  v s.  C a n a d a  p -v a lu e s
P E R C L O S  d u rin g  n ig h t  h o u rs  m e a n 2 5 0 .8 5 3 0 .4 4 0 0 .7 6 7
S a fe TR A C  D rive r's  A le rtn e s s  m e a n 2 4 0 .0 7 6 0 .6 0 6 0 .1 8 4
L a te ra l d is t a n c e  s t a n d a rd  d e via t io n 2 4 0 .0 0 3 0 .0 0 3 0 .0 0 1
S t e e rin g  w h e e l m o ve m e n t s  S D 2 2 < .0 0 0 1 < .0 0 0 1 < .0 0 0 1
F ro n t  w h e e l m o ve m e n ts  S D 1 8 < .0 0 0 1 < .0 0 0 1 < .0 0 0 1

T a b le  4 3 :  A P +  a n d  S a fe T R A C  O u tc o m e s  a t N ig h t
M ix e d  M o d e l A N O V A  C o m p a ris o n s  B a s e d  o n  D o u b ly -W e ig h te d  M e a n s  o r  S D 's

Comparison of FEEDBACK condition versus NO FEEDBACK condition 
 p values between U.S. and Canada Comparison Study Phases
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SE

t-statistic Difference 
p-value

Pooled (USA and Canada)
PERCLOS during night hours mean 25 6.419 5.493 -0.926 0.445 -2.080 0.048
SafeTRAC Driver's Alertness mean 24 74.699 79.150 4.451 1.307 3.410 0.002
Lateral distance standard deviation 24 39.089 35.342 -3.746 1.905 -1.970 0.061
Steering wheel movements SD 22 1.303 1.468 0.165 0.099 1.660 0.111
Front wheel movements SD 18 1.967 1.995 0.028 0.117 0.240 0.815

Table 44: AP+ and SafeTRAC Outcomes at Night
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Means or SD's

Notes:  Mean values and difference in mean values are model-predicted least squares estimates.

Pooled Data (Canada Study Phase 1 and U.S. Study Phase 2) 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
No 

Feedback  
M ean

Feedbac k  
M ean

Differenc e 
M ean

Difference 
S D

Differenc e 
M in

Difference 
M ax

Differenc e 
p-value

US A
P E RCLOS  during night hours  m edian 9 4.11 3.00 -1.11 1.27 -3.00 0.00 0.030
S afeTRA C Driver's  A lertness  m edian 9 71.44 76.56 5.11 6.88 -9.00 14.00 0.056
Lateral dis tanc e IQR 9 45.78 38.22 -7.56 9.37 -30.00 2.00 0.042
S teering wheel m ovem ents  IQR 7 0.86 0.86 0.00 0.58 -1.00 1.00 1.000
Front wheel m ovem ents  IQR 7 0.86 0.71 -0.14 0.38 -1.00 0.00 0.356

Ca na da
P E RCLOS  during night hours  m edian 16 3.88 3.00 -0.88 2.31 -7.00 3.00 0.150
S afeTRA C Driver's  A lertness  m edian 15 79.13 79.60 0.47 4.70 -8.00 8.00 0.707
Lateral dis tanc e IQR 15 33.33 32.53 -0.80 5.54 -14.00 6.00 0.585
S teering wheel m ovem ents  IQR 15 2.20 1.93 -0.27 1.67 -5.00 2.00 0.546
Front wheel m ovem ents  IQR 11 3.64 3.00 -0.64 2.38 -7.00 2.00 0.396

US A vs. Ca na da  p-va lue s
P E RCLOS  during night hours  m edian 25 0.847 1.000 0.780
S afeTRA C Driver's  A lertness  m edian 24 0.085 0.518 0.062
Lateral dis tanc e IQR 24 0.006 0.085 0.036
S teering wheel m ovem ents  IQR 22 0.017 0.001 0.688
Front wheel m ovem ents  IQR 18 0.007 0.001 0.597

Table 45:  AP + and  S afeTR AC  Outcom es at N ight
D escrip tive C om parisons o f C hanges in  U nw eighted  Med ians or In terquartile  R anges

Comparison of FEEDBACK condition versus NO FEEDBACK condition 
 p values between U.S. and Canada Comparison Study Phases
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SD

Difference 
Min

Difference 
Max

Difference 
p-value

Pooled (USA and Canada)
PERCLOS during night hours median 25 3.96 3.00 -0.96 1.97 -7.00 3.00 0.023
SafeTRAC Driver's Alertness median 24 76.25 78.46 2.21 5.93 -9.00 14.00 0.081
Lateral distance IQR 24 38.00 34.67 -3.33 7.77 -30.00 6.00 0.047
Steering wheel movements IQR 22 1.77 1.59 -0.18 1.40 -5.00 2.00 0.550
Front wheel movements IQR 18 2.56 2.11 -0.44 1.85 -7.00 2.00 0.323

Table 46: AP+ and SafeTRAC Outcomes at Night
Descriptive Comparisons of Changes in Unweighted Medians or Interquartile Ranges

Pooled Data (Canada Study Phase 1 and U.S. Study Phase 2) 
Comparisons of NO FEEDBACK and FEEDBACK conditions
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N
N o 

F eedbac k  
M ean

F eedbac k  
M ean

D iffe renc e  
M ean

D iffe renc e  
S E

t-s ta t is t ic D iffe renc e  
p-va lue

U S A
P E R C LO S  during  n igh t  hours  m ed ian 9 3.47 2.64 -0 .83 0.31 -2 .70 0.027
S afeTR A C  D river's  A le rtnes s  m ed ian 9 71.36 77.27 5.91 2.21 2.67 0.028
Latera l d is tanc e  IQ R 9 44.38 37.41 -6 .97 3.52 -1 .98 0.083
S teering  w hee l m ovem ents  IQ R 7 0.71 0.75 0.04 0.07 0.54 0.611
F ron t  w hee l m ovem ents  IQ R 7 0.83 0.69 -0 .14 0.13 -1 .04 0.339

C a n a d a
P E R C LO S  during  n igh t  hours  m ed ian 16 3.73 3.16 -0 .57 0.41 -1 .38 0.187
S afeTR A C  D river's  A le rtnes s  m ed ian 15 79.68 80.20 0.52 1.20 0.43 0.672
Latera l d is tanc e  IQ R 15 32.55 31.30 -1 .25 1.48 -0 .84 0.413
S teering  w hee l m ovem ents  IQ R 15 2.05 2.27 0.22 0.28 0.77 0.455
F ron t  w hee l m ovem ents  IQ R 11 3.54 3.36 -0 .18 0.53 -0 .34 0.739

U S A  vs.  C a n a d a  p -va lu e s
P E R C LO S  during  n igh t  hours  m ed ian 25 0.826 0.528 0.725
S afeTR A C  D river's  A le rtnes s  m ed ian 24 0.081 0.616 0.193
Latera l d is tanc e  IQ R 24 0.021 0.121 0.039
S teering  w hee l m ovem ents  IQ R 22 0.000 0.000 < .0001
F ron t  w hee l m ovem ents  IQ R 18 0.001 0.000 0.000

T a b le  4 7 :  A P + a n d  S a fe T R A C  O u tc o m e s  a t N ig h t
M ix e d  M o d e l A N O V A  C o m p a ris o n s  B a s e d  o n  D o u b ly -W e ig h te d  M e d ia n s  o r IQ R 's

Comparison of FEEDBACK condition versus NO FEEDBACK condition 
 p values between U.S. and Canada Comparison Study Phases
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N
No 

Feedback 
Mean

Feedback 
Mean

Difference 
Mean

Difference 
SE

t-statistic Difference 
p-value

Pooled (USA and Canada)
PERCLOS during night hours median 25 3.660 2.907 -0.754 0.232 -3.240 0.004
SafeTRAC Driver's Alertness median 24 75.409 79.912 4.503 1.290 3.490 0.002
Lateral distance IQR 24 38.662 33.273 -5.389 1.819 -2.960 0.007
Steering wheel movements IQR 22 1.518 1.607 0.088 0.165 0.540 0.598
Front wheel movements IQR 18 2.388 2.227 -0.161 0.222 -0.730 0.477

Table 48: AP+ and SafeTRAC Outcomes at Night
Mixed Model ANOVA Comparisons Based on Doubly-Weighted Medians or IQR's

Notes:  Mean values and difference in mean values are model-predicted least squares estimates.

Pooled Data (Canada Study Phase 1 and U.S. Study Phase 2) 
Comparisons of NO FEEDBACK and FEEDBACK conditions



 

 96

 
 
 
 
 

 
 
 
 
 
 
 

Table 50—U.S.:  Actigraphy Variables 
Paired T-tests for Changes in Standard Deviations 

Outcome variables N 
No 

Feedback 
Mean SD 

Feedback 
Mean SD 

Mean 
Difference 

in SD 

t-
statistic 

Difference 
p-value 

Prior Sleep 10 106.84 146.30 -39.46 -2.280 0.048 

Sleep Episodes 10 0.716 0.759 -0.043 -1.020 0.333 

AMS (Actigraph Movement Score) 10 957.97 824.29 133.68 0.400 0.698 

Sleep Efficiency 10 11.597 10.564 1.033 0.450 0.667 

Sleep Performance Model (Max) 10 6.32 8.45 -2.13 -1.700 0.124 

Sleep Performance Model (Min) 10 6.61 8.61 -1.99 -1.540 0.157 

Notes: SD values were computed over days within condition. 

Table 49—CANADA:  Actigraphy Variables 
Paired T-tests for Changes in Standard Deviations 

Outcome variables N 
No 

Feedback 
Mean SD 

Feedback 
Mean SD 

Mean 
Difference 

in SD 

t-
statistic 

Difference 
p-value 

Prior Sleep 20 100.46 98.93 1.53 0.180 0.859 

Sleep Episodes 20 0.470 0.450 0.020 0.410 0.688 

AMS (Actigraph Movement Score) 20 348.93 332.62 16.31 0.230 0.818 

Sleep Efficiency 20 8.605 8.116 0.490 0.490 0.631 

Sleep Performance Model (Max) 20 6.42 6.20 0.23 0.330 0.742 

Sleep Performance Model (Min) 20 7.05 6.56 0.49 0.730 0.473 

Notes: SD values were computed over days within condition. 

U.S. Study Phase 2 results 

Canada Study Phase 1 results 
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Table 51—CANADA:  Actigraphy Variables in No Feedback Condition 
Comparing Work Days to Non Work Days 

Mixed Model ANOVA Fixed Effects (Predicted Means and Differences in Means) 

Outcome variables N Workday 
Mean 

Non-
Workday 

Mean 

Difference 
Mean 

Difference 
SE 

t-
statistic 

Difference 
p-value 

Prior Sleep 15 374.87 437.67 -62.80 24.65 -2.550 0.023 

Sleep Episodes 15 1.388 1.310 0.078 0.099 0.790 0.445 

AMS (Actigraph Movement Score) 15 736.81 729.98 6.84 74.97 0.090 0.929 

Sleep Efficiency 15 86.902 84.828 2.074 2.256 0.920 0.374 

Sleep Performance Model (Max) 15 82.132 82.195 -0.064 1.084 -0.060 0.954 

Sleep Performance Model (Min) 15 61.957 61.413 0.544 1.494 0.360 0.721 

Notes:  Mean values and difference in mean values are model-predicted least squares estimates. 

Table 52—U.S.: Actigraphy Variables in the No Feedback Condition 
Comparing Work Days to Non Work Days 

Mixed Model ANOVA Fixed Effects (Predicted Means and Differences in Means) 

Outcome variables N Workday 
Mean 

Non-
Workday 

Mean 

Difference 
Mean 

Difference 
SE 

t-
statistic 

Difference 
p-value 

Prior Sleep 10 313.65 391.72 -78.08 27.15 -2.880 0.018 

Sleep Episodes 10 1.944 1.507 0.438 0.177 2.470 0.036 
AMS (Actigraph Movement Score) 10 2097.61 1404.36 693.26 395.62 1.750 0.114 
Sleep Efficiency 10 68.467 71.653 -3.186 2.863 -1.110 0.295 
Sleep Performance Model (Max) 10 87.345 82.971 4.374 1.605 2.730 0.023 
Sleep Performance Model (Min) 10 62.638 63.626 -0.988 2.403 -0.410 0.691 

Notes:  Mean values and difference in mean values are model-predicted least squares estimates. 

Canada Study Phase 1 results

U.S. Study Phase 2 results 
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Table 54—U.S.:  Actigraphy Variables in the Feedback Condition 
Comparing Work Days to Non Work Days 

Mixed Model ANOVA Fixed Effects (Predicted Means and Differences in Means) 

Outcome variables N Workday 
Mean 

Non-
Workday 

Mean 

Difference 
Mean 

Difference 
SE 

t-
statistic 

Difference 
p-value 

Prior Sleep 10 301.00 451.65 -150.65 27.47 -5.490 0.0004 

Sleep Episodes 10 2.242 1.915 0.327 0.162 2.020 0.075 
AMS (Actigraph Movement Score) 10 2162.99 2033.47 129.51 414.82 0.310 0.762 
Sleep Efficiency 10 63.998 63.014 0.984 2.737 0.360 0.727 
Sleep Performance Model (Max) 10 86.367 85.184 1.182 2.660 0.440 0.667 
Sleep Performance Model (Min) 10 61.372 67.363 -5.991 3.322 -1.800 0.105 

Notes:  Mean values and difference in mean values are model-predicted least squares estimates. 

Table 53—CANADA:  Actigraphy Variables in the Feedback Condition 
Comparing Work Days to Non-Work Days 

Mixed Model ANOVA Fixed Effects (Predicted Means and Differences in Means) 

Outcome variables N Workday 
Mean 

Non-
Workday 

Mean 

Difference 
Mean 

Difference 
SE 

t-
statistic 

Difference 
p-value 

Prior Sleep 15 373.77 450.76 -76.99 17.09 -4.510 0.0005 

Sleep Episodes 15 1.421 1.373 0.047 0.155 0.310 0.764 
AMS (Actigraph Movement Score) 15 750.30 774.40 -24.11 95.55 -0.250 0.805 
Sleep Efficiency 15 86.430 85.290 1.139 1.567 0.730 0.479 
Sleep Performance Model (Max) 15 84.444 82.939 1.504 1.514 0.990 0.337 
Sleep Performance Model (Min) 15 65.860 64.352 1.508 1.610 0.940 0.365 

Notes:  Mean values and difference in mean values are model-predicted least squares estimates. 

Canada Study Phase 1 results

U.S. Study Phase 2 results 
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Table 55—CANADA:  Actigraphy Variables During Work Days 
Comparing the No Feedback to Feedback Conditions 

Mixed Model ANOVA Fixed Effects (Predicted Means and Differences in Means) 

Outcome variables N 
No 

Feedback 
Mean 

Feedback 
Mean 

Difference 
Mean 

Difference 
SE t-statistic Difference 

p-value 

Prior Sleep 15 371.78 375.78 -4.00 9.32 -0.430 0.675 

Sleep Episodes 15 1.392 1.406 -0.014 0.036 -0.390 0.706 
AMS (Actigraph Movement Score) 15 749.91 735.41 14.49 76.17 0.190 0.852 
Sleep Efficiency 15 86.618 86.536 0.083 1.550 0.050 0.958 
Sleep Performance Model (Max) 15 82.032 84.834 -2.802 2.295 -1.220 0.242 
Sleep Performance Model (Min) 15 62.043 66.198 -4.155 2.414 -1.720 0.107 

Notes:  Mean values and difference in mean values are model-predicted least squares estimates. 

Table 56—U.S.:  Actigraphy Variables During Work Days 
Comparing the No Feedback to Feedback Conditions 

Mixed Model ANOVA Fixed Effects (Predicted Means and Differences in Means) 

Outcome variables N 
No 

Feedback 
Mean 

Feedback 
Mean 

Difference 
Mean 

Difference 
SE 

t-
statistic 

Difference 
p-value 

Prior Sleep 10 313.65 301.00 12.65 18.06 0.700 0.501 

Sleep Episodes 10 1.944 2.242 -0.298 0.176 1.690 0.125 
AMS (Actigraph Movement Score) 10 2097.61 2162.99 -65.37 105.35 0.620 0.550 
Sleep Efficiency 10 68.467 63.998 4.469 4.573 0.980 0.354 
Sleep Performance Model (Max) 10 87.345 86.367 0.979 2.021 0.480 0.640 
Sleep Performance Model (Min) 10 62.638 61.372 1.266 2.138 0.590 0.568 

Notes:  Mean values and difference in mean values are model-predicted least squares estimates. 

U.S. Study Phase 2 results 

Canada Study Phase 1 results
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Table 57—CANADA:  Actigraphy Variables in Non-Work Days 
Comparing the No Feedback to Feedback Conditions 

Mixed Model ANOVA Fixed Effects (Predicted Means and Differences in Means) 

Outcome variables N 
No 

Feedback 
Mean 

Feedback 
Mean 

Difference 
Mean 

Difference 
SE 

t-
statistic 

Difference 
p-value 

Prior Sleep 14 438.34 452.56 -14.22 28.41 -0.500 0.625 

Sleep Episodes 14 1.310 1.359 -0.049 0.148 -0.330 0.747 
AMS (Actigraph Movement Score) 14 724.89 748.30 -23.41 121.58 -0.190 0.850 
Sleep Efficiency 14 84.830 85.758 -0.929 2.894 -0.320 0.753 
Sleep Performance Model (Max) 14 82.145 83.085 -0.940 2.434 -0.390 0.706 
Sleep Performance Model (Min) 14 61.383 64.272 -2.889 3.244 -0.890 0.389 

Notes:  Mean values and difference in mean values are model-predicted least squares estimates. 

Table 58—U.S.:  Actigraphy Variables During Non-Work Days 
Comparing the No Feedback to Feedback Conditions 

Mixed Model ANOVA Fixed Effects (Predicted Means and Differences in Means) 

Outcome variables N 
No 

Feedback 
Mean 

Feedback 
Mean 

Difference 
Mean 

Difference 
SE 

t-
statistic 

Difference 
p-value 

Prior Sleep 10 391.72 451.65 -59.93 28.44 -2.110 0.064 

Sleep Episodes 10 1.507 1.915 -0.408 0.158 -2.580 0.030 
AMS (Actigraph Movement Score) 10 1404.36 2033.48 -629.12 261.98 -2.400 0.040 
Sleep Efficiency 10 71.653 63.014 8.639 5.366 1.610 0.142 
Sleep Performance Model (Max) 10 82.971 85.184 -2.213 1.925 -1.150 0.280 
Sleep Performance Model (Min) 10 63.626 67.363 -3.737 2.424 -1.540 0.158 

Notes:  Mean values and difference in mean values are model-predicted least squares estimates. 

Canada Study Phase 1 results

U.S. Study Phase 2 results 
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Table 59.  CANADA Study Phase: Summary of drivers’ responses to questions 1 through 
7 concerning the Alertness and Fatigue Management Training Course given before the 
NO FEEDBACK and FEEDBACK conditions. Responses were derived from the Human 
Factors Structured Interview Questionnaire administered during debriefing following the both 
conditions (see Appendix F-1 for detailed responses). 

No. For Questions 1-4; Rating scale was 5 = very helpful; 4 = good; 3 = 
neutral; 2 = low value; 1 = disappointing. (number of respondents) 

NO 
FEEDBACK FEEDBACK 

1 Overall material/content in the course. (n=26; mean response) 4.38 4.23 

2 Knowledge gained from course. (n=26; mean response) 4.31 4.23 

3 Applicability of course to my lifestyle. (n=26; mean response) 3.88 3.81 

4 The lessons learned will help me in my job. (n=26; mean response) 4.46 4.15 

5 I used some of the lessons learned during these past 2 weeks. 
(n=26) 92% yes 88% yes 

6 The lessons learned will be put into practice by me in the future. 
(n=26) 96% yes 96% yes 

7 
Please write your general comments about the Alertness and 
Fatigue Management course? The material? It’s usefulness to you? 
Things you might want changed or improved, etc.? 

na* na 

*Not applicable (na) because question did not offer a rating or yes/no response format (see Appendix F-1 
for qualitative comments to this question by drivers). 
 
 

Canada Study Phase 1 results
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Table 60. U.S. Study Phase: Summary of drivers’ responses to questions 1 through 7 
concerning the Alertness and Fatigue Management Training Course given before the NO 
FEEDBACK and FEEDBACK conditions. Responses were derived from the Human Factors 
Structured Interview Questionnaire administered during debriefing following the both conditions 
(see Appendix F-2 for detailed responses). 

No. For Questions 1-4; Rating scale was 5 = very helpful; 4 = good; 3 = 
neutral; 2 = low value; 1 = disappointing. (number of respondents) 

NO 
FEEDBACK FEEDBACK 

1 Overall material/content in the course. (n=12; mean response) 4.50 4.33 

2 Knowledge gained from course. (n=12; mean response) 4.67 4.50 

3 Applicability of course to my lifestyle. (n=12; mean response) 4.25 3.75 

4 The lessons learned will help me in my job. (n=12; mean response) 4.33 4.17 

5 I used some of the lessons learned during these past 2 weeks. 
(n=12) 83% yes 83% yes 

6 The lessons learned will be put into practice by me in the future. 
(n=12) 83% yes 83% yes 

7 
Please write your general comments about the Alertness and Fatigue 
Management course? The material? It’s usefulness to you? Things 
you might want changed or improved, etc.? 

na* na 

*Not applicable (na) because question did not offer a rating or yes/no response format (see Appendix F-2 
for qualitative comments to this question by drivers). 
 

U.S. Study Phase 2 results
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Table 61.  CANADA Study Phase: Summary of drivers’ responses to questions 8 through 
18 concerning the SleepWatch® wrist monitor. Responses were derived from the Human 
Factors Structured Interview Questionnaire administered during debriefing at the end of their 4 
weeks of participation (see Appendix F-1 for detailed responses). 

No. Question (n = number of respondents) Yes No 
Y+N or 

no 
resp. 

comment 

8 
Approximately what percentage of the time (24/7) during 
these past 2 weeks while you participated in the study, did 
you wear the SleepWatch? (n=26) 

≥ 90% 0% 0% na* 

9 
If you did not wear the SleepWatch continuously, (i.e. almost 
100% of the time) what were some of the circumstances 
surrounding when you did not wear the SleepWatch? (n=26) 

na na na 27% 

10 Was it bothersome to have the SleepWatch continuously on 
your wrist? (n=26) 65%  35% 0% 77% 

11 
The SleepWatch numerical rating mirrored  the way I felt. 5 = 
very helpful, 4 = good; 3 = neutral; 2 = low value; 1 = 
disappointing.  (n=26) 

3.50 na 0% na 

12 SleepWatch provides useful information for managing a 
person’s sleep schedule. (n=26) 46% 54% 0% na 

13 Did you like the SleepWatch scale of alertness (e.g. 1 to 99)? 
(n=26) 73% 27% 0% na 

14 Can you suggest a better way to display the SleepWatch 
information?   na na na 31% 

15 

SleepWatch information provided was helpful supporting my 
sleep planning/managing alertness during the past two 
weeks. 5 = very helpful, 4 = good; 3 = neutral; 2 = low value; 
1 = disappointing.  (n=22) 

3.27 na na na 

16 I would like a SleepWatch for myself. (n=25) 38% 58% 4% 62% 

17 I would recommend SleepWatch to fellow drivers. (n=26) 50% 50% 0% 31% 

18 What suggestions do you have on how to improve the 
SleepWatch to make it more useful for truck drivers? (n=26) na na na 50% 

*Not applicable (na). 
 

Canada Study Phase 1 results
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Table 62. U.S. Study Phase: Summary of drivers’ responses to questions 8 through 18 
concerning the SleepWatch® wrist monitor. Responses were derived from the Human 
Factors Structured Interview Questionnaire administered during debriefing at the end of their 4 
weeks of participation (see Appendix F-2 for detailed responses). 

No. Question (n = number of respondents) Yes No 
Y+N or 

no 
resp. 

comment 

8 
Approximately what percentage of the time (24/7) during 
these past 2 weeks while you participated in the study, did 
you wear the SleepWatch? (n=12) 

≥ 90% 0% 0% na* 

9 
If you did not wear the SleepWatch continuously, (i.e. almost 
100% of the time) what were some of the circumstances 
surrounding when you did not wear the SleepWatch? (n=12) 

na na na 17% 

10 Was it bothersome to have the SleepWatch continuously on 
your wrist? (n=12) 92%  8% 0% 100% 

11 
The SleepWatch numerical rating mirrored  the way I felt. 5 = 
very helpful, 4 = good; 3 = neutral; 2 = low value; 1 = 
disappointing.  (n=12) 

3.50 na 0% na 

12 SleepWatch provides useful information for managing a 
person’s sleep schedule. (n=12) 42% 50% 8% na 

13 Did you like the SleepWatch scale of alertness (e.g. 1 to 99)? 
(n=12) 83% 17% 0% na 

14 Can you suggest a better way to display the SleepWatch 
information?   na na na 33% 

15 

SleepWatch information provided was helpful supporting my 
sleep planning/managing alertness during the past two 
weeks. 5 = very helpful, 4 = good; 3 = neutral; 2 = low value; 
1 = disappointing.  (n=12) 

3.08 na na na 

16 I would like a SleepWatch for myself. (n=12) 50% 50% 0% 58% 

17 I would recommend SleepWatch to fellow drivers. (n=12) 58% 33% 8% 0% 

18 What suggestions do you have on how to improve the 
SleepWatch to make it more useful for truck drivers? (n=12) na na na 50% 

*Not applicable (na). 

U.S. Study Phase 2 results
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Table 63.  CANADA Study Phase: Summary of drivers’ responses to questions 19 through 
32 concerning the SafeTRAC® (lane tracking) monitor. Responses were derived from the 
Human Factors Structured Interview Questionnaire administered during debriefing following the 
FMT FEEDBACK Condition at the end of their 4 weeks of participation (see Appendix F-1 for 
detailed responses). 

No. Question (n = number of respondents) Yes No 
Y+N or 

no 
resp. 

comment 

19 The SafeTRAC camera position in the windshield distracted 
me. (n=26) 88% 12% 0% 8% 

20 The SafeTRAC system was easy to adjust. (n=26) 58% 27% 15% 46% 

21 Use and location of SafeTRAC controls were good. (n=26) 65%  35% 0% 46% 

22 Operation of SafeTRAC was consistent and understandable. 
(n=26) 77% 23% 0%   31% 

23 The SafeTRAC numeric display could be read easily. (n=26) 96%    4%   0%   12% 

24 SafeTRAC’s numeric indicator (1-99) frequently got my 
attention while driving. (n=26) 73%  27%   0%  42% 

25 
SafeTRAC’s crossing the lane alert feature could be trusted. 
5=very helpful, 4=good; 3=neutral; 2=low value; 
1=disappointing.  (n=25) 

3.36 na na 4% 

26 

Displayed information provided was reliable; the display 
usually accurately depicted my driving with regard to tracking 
the lanes on the road. 5 = very helpful, 4 = good; 3 = neutral; 
2 = low value; 1 = disappointing.  (n=26) 

3.50 na na 4% 

27 
SafeTRAC warned me of poor lane tracking only when I 
thought it was appropriate. 5=very helpful, 4=good; 
3=neutral; 2=low value; 1=disappointing.  (n=26) 

2.96 na na 8% 

28 SafeTRAC helped me drive more safely. (n=26) 69% 31% 0% 73% 

29 SafeTRAC helped me avoid a potential accident. (n=26) 85% 12% 4% 15% 

30 SafeTRAC’s alertness index helped me decide when to take 
rest breaks. (n=26) 46% 54% 0% 42% 

31 I would like SafeTRAC installed in my truck. (n=25) 50% 42% 4% 52% 

32 I would recommend SafeTRAC to fellow truck drivers. (n=26) 65% 23% 12% 46% 

*Not applicable (na). 

Canada Study Phase 1 results
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Table 64.  U.S. Study Phase: Summary of drivers’ responses to questions 19 through 32 
concerning the SafeTRAC® (lane tracking) monitor. Responses were derived from the Human 
Factors Structured Interview Questionnaire administered during debriefing following the FMT 
FEEDBACK Condition at the end of their 4 weeks of participation (see Appendix F-2 for detailed 
responses). 

No. Question (n = number of respondents) Yes No 
Y+N or 

no 
resp. 

comment 

19 The SafeTRAC camera position in the windshield distracted 
me. (n=12) 0% 100% 0% 25% 

20 The SafeTRAC system was easy to adjust. (n=12) 58% 21% 21% 0% 

21 Use and location of SafeTRAC controls were good. (n=12) 75%  25% 0% 25% 

22 Operation of SafeTRAC was consistent and understandable. 
(n=12) 58% 42% 0%   50% 

23 The SafeTRAC numeric display could be read easily. (n=12) 83%   17%   0%   17% 

24 SafeTRAC’s numeric indicator (1-99) frequently got my 
attention while driving. (n=12) 100%  0%   0%  67% 

25 
SafeTRAC’s crossing the lane alert feature could be trusted. 
5=very helpful, 4=good; 3=neutral; 2=low value; 
1=disappointing.  (n=12) 

3.25 na na 0% 

12 

Displayed information provided was reliable; the display 
usually accurately depicted my driving with regard to tracking 
the lanes on the road. 5 = very helpful, 4 = good; 3 = neutral; 
2 = low value; 1 = disappointing.  (n=12) 

3.25 na na 0% 

27 
SafeTRAC warned me of poor lane tracking only when I 
thought it was appropriate. 5=very helpful, 4=good; 
3=neutral; 2=low value; 1=disappointing.  (n=12) 

3.25 na na 0% 

28 SafeTRAC helped me drive more safely. (n=12) 42% 58% 0% 67% 

29 SafeTRAC helped me avoid a potential accident. (n=12) 0% 100% 0% 0% 

30 SafeTRAC’s alertness index helped me decide when to take 
rest breaks. (n=12) 16% 84% 0% 17% 

31 I would like SafeTRAC installed in my truck. (n=12) 42% 42% 16% 17% 

32 I would recommend SafeTRAC to fellow truck drivers. (n=12) 50% 50% 0% 25% 

*Not applicable (na). 

U.S. Study Phase 2 results
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Table 65. CANADA Study Phase: Summary of drivers’ responses to questions 33 
through 43 concerning the Copilot® (PERCLOS) monitor. Responses were derived 
from the Human Factors Structured Interview Questionnaire administered during 
debriefing following the FMT FEEDBACK Condition at the end of their 4 weeks of 
participation (see Appendix F-1 for detailed responses). 

No. Question (n = number of respondents) Yes No 
Y+N or 

no 
resp. 

comment 

33 The PERCLOS Eye Camera position on the truck dashboard 
distracted me. (n=26) 31% 65% 4% 42% 

34 The PERCLOS numeric display could be read easily. (n=26) 92% 4% 4% 12% 

35 PERCLOS Operation was consistent and understandable. 
(n=26) 81%  15% 4% 4% 

36 

The PERCLOS alertness index display was usually a pretty 
good match to the way I felt: alert or fatigued. 5 = very 
helpful, 4 = good; 3 = neutral; 2 = low value; 1 = 
disappointing.  (n=25) 

2.92 na   4% 4% 

37 
PERCLOS alertness index digital display information was 
usually accurate/reliable. 5 = very helpful, 4 = good; 3 = 
neutral; 2 = low value; 1 = disappointing.  (n=23) 

2.91 na 12% 0% 

38 
Sometimes the display indicated my eyes were drooping, 
while I felt fully awake/alert. 5 = very helpful, 4 = good; 3 = 
neutral; 2 = low value; 1 = disappointing.  (n=24) 

3.21 na   8%  0% 

39 

The PERCLOS alertness index information was helpful to me 
in monitoring my own level of alertness and/or drowsy 
periods. 5 = very helpful, 4 = good; 3 = neutral; 2 = low value; 
1 = disappointing.  (n=23) 

3.00 na 12%  0% 

40 As PERCLOS monitored me for alertness and/or drowsy 
driving, it made me feel safer. (n=26) 19% 73% 8% 65% 

41 I would like to have a PERCLOS Driver Alertness monitor in 
my truck. (n=26) 27% 69% 4% 50% 

42 I would recommend the PERCLOS Driver Alertness monitor 
to fellow drivers? (n=26) 35% 62% 4% 8% 

43 Driver’s overall comments and recommendations on the 
PERCLOS Driver Alertness Monitoring system. na na na 85% 

*Not applicable (na). 

Canada Study Phase 1 results



      
 
 

 108

 
 
 
 
 
 
 
Table 66. U.S. Study Phase: Summary of drivers’ responses to questions 33 
through 43 concerning the Copilot® (PERCLOS) monitor. Responses were derived 
from the Human Factors Structured Interview Questionnaire administered during 
debriefing following the FMT FEEDBACK Condition at the end of their 4 weeks of 
participation (see Appendix F-2 for detailed responses). 

No. Question (n = number of respondents) Yes No 
Y+N or 

no 
resp. 

comment 

33 The PERCLOS Eye Camera position on the truck dashboard 
distracted me. (n=12) 50% 50% 0% 67% 

34 The PERCLOS numeric display could be read easily. (n=12) 100% 0% 0% 0% 

35 PERCLOS Operation was consistent and understandable. 
(n=12) 83%  17% 0% 25% 

36 

The PERCLOS alertness index display was usually a pretty 
good match to the way I felt: alert or fatigued. 5 = very 
helpful, 4 = good; 3 = neutral; 2 = low value; 1 = 
disappointing.  (n=12) 

3.33 na   0% 0% 

37 
PERCLOS alertness index digital display information was 
usually accurate/reliable. 5 = very helpful, 4 = good; 3 = 
neutral; 2 = low value; 1 = disappointing.  (n=12) 

3.42 na 0% 0% 

38 
Sometimes the display indicated my eyes were drooping, 
while I felt fully awake/alert. 5 = very helpful, 4 = good; 3 = 
neutral; 2 = low value; 1 = disappointing.  (n=12) 

3.00 na   8%  0% 

39 

The PERCLOS alertness index information was helpful to me 
in monitoring my own level of alertness and/or drowsy 
periods. 5 = very helpful, 4 = good; 3 = neutral; 2 = low value; 
1 = disappointing.  (n=12) 

2.75 na 0%  0% 

40 As PERCLOS monitored me for alertness and/or drowsy 
driving, it made me feel safer. (n=12) 8% 92% 0% 75% 

41 I would like to have a PERCLOS Driver Alertness monitor in 
my truck. (n=12) 0% 100% 0% 50% 

42 I would recommend the PERCLOS Driver Alertness monitor 
to fellow drivers? (n=12) 25% 75% 0% 17% 

43 Driver’s overall comments and recommendations on the 
PERCLOS Driver Alertness Monitoring system. na na na 100% 

*Not applicable (na). 
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Table 67.  CANADA Study Phase: Summary of drivers’ responses to questions 44 through 
57 concerning the Howard Power Center Steering® (HPCS) monitor. Responses were 
derived from the Human Factors Structured Interview Questionnaire administered during 
debriefing following the FMT FEEDBACK Condition at the end of their 4 weeks of participation 
(see Appendix F-1 for detailed responses). 

No. Question (n = number of respondents) Yes No 
Y+N or 

no 
resp. 

comment 

44 Operation of the HPCS was consistent and understandable. 
(n=26) 88% 8% 4% 42% 

45 The use and location of HPCS controls/displays were good. 
(n=26) 50% 46% 4% 62% 

46 The HPCS steering assistance was helpful in my driving. 
(n=26) 77% 15%   8% 58% 

47 HPCS made my driving workload easier.  (n=26) 73% 27%   0%   0% 

48 I felt comforTable using the HPCS.  (n=26) 77% 19%   4%  10% 

49 HPCS improved my truck steering or ability to maintain 
direction.  (n=26) 69% 19% 12% 46% 

50 HPCS was helpful driving in crosswinds. (n=26) 81% 15%   4% 38% 

51 HPCS always worked in a helpful manner. (n=26) 69% 31%   0%   0% 

52 How did HPCS affect my driving on curves? Yes = helped; 
No = hindered. (n=26) 38% 31% 31%   4% 

53 Was HPCS helpful driving in straight-aways? Yes = helped; 
No = hindered. (n=26) 77% 12% 12%   0% 

54 HPCS reduces driver fatigue. Yes = helped; No = hindered. 
(n=26) 54% 31% 15% 54% 

55 I would like HPCS in my truck. (n=26) 77% 19%   4% 46% 

56 I would recommend HPCS to other drivers. (n=26) 85% 12%   4%   4% 

57 Driver’s overall comments or recommendations on the 
HPCS. na na na 85% 

*Not applicable (na). 
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Table 68.  U.S. Study Phase: Summary of drivers’ responses to questions 44 through 57 
concerning the Howard Power Center Steering® (HPCS) monitor. Responses were derived 
from the Human Factors Structured Interview Questionnaire administered during debriefing 
following the FMT FEEDBACK Condition at the end of their 4 weeks of participation (see 
Appendix F-2 for detailed responses). 

No. Question (n = number of respondents) Yes No 
Y+N or 

no 
resp. 

comment 

44 Operation of the HPCS was consistent and understandable. 
(n=12) 100% 0% 0% 25% 

45 The use and location of HPCS controls/displays were good. 
(n=12) 83% 17% 0% 50% 

46 The HPCS steering assistance was helpful in my driving. 
(n=12) 83% 17%   0% 75% 

47 HPCS made my driving workload easier.  (n=12) 75% 25%   0%   0% 

48 I felt comforTable using the HPCS.  (n=12) 75% 25%   0%  58% 

49 HPCS improved my truck steering or ability to maintain 
direction.  (n=12) 83% 17% 0% 58% 

50 HPCS was helpful driving in crosswinds. (n=12) 67% 33%   0% 58% 

51 HPCS always worked in a helpful manner. (n=12) 75% 17%   8%   0% 

52 How did HPCS affect my driving on curves? Yes = helped; 
No = hindered. (n=12) 17% 58% 25%   8% 

53 Was HPCS helpful driving in straight-aways? Yes = helped; 
No = hindered. (n=12) 100% 0% 0%   0% 

54 HPCS reduces driver fatigue. Yes = helped; No = hindered. 
(n=12) 75% 25% 0% 58% 

55 I would like HPCS in my truck. (n=12) 83% 17%   0% 67% 

56 I would recommend HPCS to other drivers. (n=12) 83% 17%   0%   0% 

57 Driver’s overall comments or recommendations on the 
HPCS. na na na 100% 

*Not applicable (na). 
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Table 69. CANADA Study Phase: Summary of drivers’ responses to questions 58 
through 63 concerning the Psychomotor Vigilance Task (PVT-192) performance 
device. Responses were derived from the Human Factors Structured Interview 
Questionnaire administered during debriefing following the FMT FEEDBACK Condition 
at the end of their 4 weeks of participation (see Appendix F-1 for detailed responses). 

No. Question (n = number of respondents) Yes No 
Y+N 
or no 
resp. 

comment 

58 I learned how to master the PVT pretty well, that is, I learned to 
consistently obtain pretty good reaction time scores? (n=26) 69% 31% 0% 42% 

59 Was the PVT testing intrusive to my duty day? (n=26) 58% 27% 15% 50% 

60 Did the results of the PVT usually match my perception of my 
own reaction time? (n=26) 73% 27% 0% 42% 

61 
When I got slower reaction times on the PVT, it reflected my 
own overall assessment of my condition (e.g. tired/fatigued)? 
(n=26) 

73% 23% 4% 38% 

62 

In my opinion the PVT could be used as a personal checking 
system on driver fitness for duty system (e.g. to check for a 
driver's readiness to drive as he/she reports for duty, or at rest 
stops half way through a long trip)? (n=26) 

54% 31% 15% 50% 

63 Driver’s overall comments or recommendations about the PVT 
reaction time monitoring system? (n=26) na* na na 62% 

*Not applicable (na) because question did not offer a yes/no response format. 
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Table 70.  U.S. Study Phase: Summary of drivers’ responses to questions 58 
through 63 concerning the Psychomotor Vigilance Task (PVT-192) performance 
device. Responses were derived from the Human Factors Structured Interview 
Questionnaire administered during debriefing following the FMT FEEDBACK Condition 
at the end of their 4 weeks of participation (see Appendix F-2 for detailed responses). 

No. Question (n = number of respondents) Yes No 
Y+N 
or no 
resp. 

comment 

58 I learned how to master the PVT pretty well, that is, I learned to 
consistently obtain pretty good reaction time scores? (n=12) 58% 42% 0% 42% 

59 Was the PVT testing intrusive to my duty day? (n=12) 58% 42% 0% 58% 

60 Did the results of the PVT usually match my perception of my 
own reaction time? (n=12) 83% 17% 0% 25% 

61 
When I got slower reaction times on the PVT, it reflected my 
own overall assessment of my condition (e.g. tired/fatigued)? 
(n=12) 

92% 8% 0% 75% 

62 

In my opinion the PVT could be used as a personal checking 
system on driver fitness for duty system (e.g. to check for a 
driver's readiness to drive as he/she reports for duty, or at rest 
stops half way through a long trip)? (n=12) 

58% 33% 8% 50% 

63 Driver’s overall comments or recommendations about the PVT 
reaction time monitoring system? (n=12) na* na na 83% 

*Not applicable (na) because question did not offer a yes/no response format. 
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Table 71.  CANADA Study Phase: Summary of drivers’ responses to questions 64 to 69 and 72 
to 84 concerning the combined set of Fatigue Management Technologies. Responses were 
derived from the Human Factors Structured Interview Questionnaire administered during debriefing 
following the FMT FEEDBACK Condition (see Appendix F-1 for detailed responses). 

No. Question (n = number of respondents) Yes No 
Y+N 
or no 
resp. 

comment 

64 Driver’s overall comments/recommendations about the testing, the 
alertness and fatigue management devices, driver fatigue, etc. (n= 26) na* na na 69% 

65 

Overall, how useful/effective do you believe the idea of having Driver 
Alertness and Fatigue Management aids in the truck cab is for assisting 
you in managing your driving alertness and contributing to safe driving? 
(1-5 scale; 1=dislike; 2=not helpful; 3=neutral; 4=helpful; 5=very helpful) 
(n= 23) 

3.76 na 12% 52% 

66 Do you think other commercial drivers would benefit from fatigue 
management aids? (n=26) 88% 8% 4% 54% 

67 At any time did your fatigue management and alertness monitoring 
systems shut down while driving during the on-the-road testing? (n=26) 35% 65% 0% 35% 

68 
Was there enough warning from the alertness monitoring devices’ 
numeric displays to alert you to the fact you were driving while very 
drowsy and/or that you might be becoming too sleepy to continue driving 
safely? (n=26) 

38% 46% 15% 54% 

69 
When you received low alertness, or drowsy driving indicators on the 
digital displays, did they generally seem to accurately match what you 
were experiencing in terms of drowsiness at the time? (n=26) 

54% 35% 12% 42% 

72 
During the on-the-road testing, was there anything in the fatigue 
management instrumentation that distracted you from performing your 
driving duties or interrupted your concentration on your driving tasks?  

42% 58% 0% 38% 

73 Did you notice anything unsafe about the fatigue management 
equipment and systems installed in the cab of your truck? (n=26) 27% 73% 0% 27% 

74 In design and use of fatigue management systems what needs to be 
changed? na na na 100% 

75 What changes, if any, would you make to the testing procedures we 
employed with you during this project? (n = 26) na na na 46% 

76 What are your opinions regarding ideas of placing driver drowsiness or 
fatigue monitoring systems into commercial trucks? (n=26) na na na 100% 

77 Did the idea of having your performance recorded for several weeks 
have any effects on your driving behavior, and performance?  (n=26) 23% 31% 46% 58% 

78 

If use of fatigue management aids (like PERCLOS, SafeTRAC, or 
SleepWatch) or black box monitoring technologies (like our AP+ 
recorder) were made mandatory, by either government regulations or by 
trucking industry management, what is your opinion about how they 
should be used, or might work best?  (n=26) 

na na na 100% 

79 Did you have any law enforcement citations for moving violations during 
the last 2-week period while driving your truck? (n=26) 15% 85% 0% 15% 

80 Did you have any law enforcement citations for logbook violations during 
the last 2-week period while driving your truck? (n=26) 0% 100% 0% 0% 

81 Where you involved in an accident or crash during the past 2-week 
period while driving your truck? (n=26) 7% 93% 0% 7% 

82 
Did you have any law enforcement citations for an action that occurred in 
the context of an accident during the last 2-week period while driving 
your truck? (n=26) 

0% 100% 0% 0% 

83 
Are you willing to participate in a focus group session with other drivers, 
which would be held when all drivers have completed their participation 
in this study? (n=26) 

92% 8% 0% 0% 

*Not applicable (na). 
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Table 72.  U.S. Study Phase: Summary of drivers’ responses to questions 64 to 69 and 72 to 84 
concerning the combined set of Fatigue Management Technologies. Responses were derived 
from the Human Factors Structured Interview Questionnaire administered during debriefing following 
the FMT FEEDBACK Condition (see Appendix F-2 for detailed responses). 

No. Question (n = number of respondents) Yes No 
Y+N 
or no 
resp. 

comment 

64 Driver’s overall comments/recommendations about the testing, the 
alertness and fatigue management devices, driver fatigue, etc. (n= 12) na* na na 100% 

65 

Overall, how useful/effective do you believe the idea of having Driver 
Alertness and Fatigue Management aids in the truck cab is for assisting 
you in managing your driving alertness and contributing to safe driving? 
(1-5 scale; 1=dislike; 2=not helpful; 3=neutral; 4=helpful; 5=very helpful) 
(n= 12) 

3.75 na 0% 17% 

66 Do you think other commercial drivers would benefit from fatigue 
management aids? (n=12) 100% 0% 0% 33% 

67 At any time did your fatigue management and alertness monitoring 
systems shut down while driving during the on-the-road testing? (n=12) 50% 50% 0% 42% 

68 
Was there enough warning from the alertness monitoring devices’ 
numeric displays to alert you to the fact you were driving while very 
drowsy and/or that you might be becoming too sleepy to continue driving 
safely? (n=12) 

58% 42% 0% 50% 

69 
When you received low alertness, or drowsy driving indicators on the 
digital displays, did they generally seem to accurately match what you 
were experiencing in terms of drowsiness at the time? (n=12) 

67% 25% 8% 33% 

72 
During the on-the-road testing, was there anything in the fatigue 
management instrumentation that distracted you from performing your 
driving duties or interrupted your concentration on your driving tasks?  

58% 42% 0% 58% 

73 Did you notice anything unsafe about the fatigue management 
equipment and systems installed in the cab of your truck? (n=12) 8% 92% 0% 0% 

74 In design and use of fatigue management systems what needs to be 
changed? na na na 67% 

75 What changes, if any, would you make to the testing procedures we 
employed with you during this project? (n = 12) na na na 33% 

76 What are your opinions regarding ideas of placing driver drowsiness or 
fatigue monitoring systems into commercial trucks? (n=12) na na na 75% 

77 Did the idea of having your performance recorded for several weeks 
have any effects on your driving behavior, and performance?  (n=12) 42% 58% 0% 67% 

78 

If use of fatigue management aids (like PERCLOS, SafeTRAC, or 
SleepWatch) or black box monitoring technologies (like our AP+ 
recorder) were made mandatory, by either government regulations or by 
trucking industry management, what is your opinion about how they 
should be used, or might work best?  (n=12) 

na na na 100% 

79 Did you have any law enforcement citations for moving violations during 
the last 2-week period while driving your truck? (n=12) 8% 92% 0% 8% 

80 Did you have any law enforcement citations for logbook violations during 
the last 2-week period while driving your truck? (n=12) 0% 100% 0% 0% 

81 Where you involved in an accident or crash during the past 2-week 
period while driving your truck? (n=12) 0% 100% 0% 0% 

82 
Did you have any law enforcement citations for an action that occurred in 
the context of an accident during the last 2-week period while driving 
your truck? (n=12) 

0% 100% 0% 0% 

83 
Are you willing to participate in a focus group session with other drivers, 
which would be held when all drivers have completed their participation 
in this study? (n=12) 

92% 8% 0% 0% 

*Not applicable (na). 
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Table 73. CANADA Study Phase: Number of drivers’ responding to questions 72 and 73 of the 
Human Factors Structured Interview Questionnaire administered during debriefing following the 
FMT FEEDBACK Condition at the end of the 4 weeks (see Appendix F-1 for detailed responses). 
No. Question Copilot 

(PERCLOS) SleepWatch PVT SafeTRAC HPCS 

72 

During the on-the-road testing, 
was there anything in the 
fatigue management 
instrumentation that distracted 
you from performing your 
driving duties or interrupted 
your concentration on your 
driving tasks? (n=26) 

n = 3 
drivers 

reported 
PERCLOS 
problems 

n = 0 
(no reports 

of problems) 

n = 1  
driver 

reported  
PVT 

problems 

n = 5 
drivers 

reported 
SafeTRAC 
problems 

n = 0 
(no reports 

of problems) 
 

73 

Did you notice anything unsafe 
about the fatigue management 
equipment and systems 
installed in the cab of your 
truck? (n=26) 

n = 0 
(no reports 

of problems) 

n = 0 
(no reports 

of problems) 

n = 0 
(no reports 

of problems) 

n = 3 
drivers 

reported 
SafeTRAC 
problems 

n = 2 
drivers 

reported 
HPCS 

problems 

 
 
 
 
 
 
Table 74.  U.S. Study Phase: Number of drivers’ responding to questions 72 and 73 of the Human 
Factors Structured Interview Questionnaire administered during debriefing following the FMT 
FEEDBACK Condition at the end of 4 weeks (see Appendix F-2 for detailed responses). 
No. Question Copilot 

(PERCLOS) SleepWatch PVT SafeTRAC HPCS 

72 

During the on-the-road testing, 
was there anything in the 
fatigue management 
instrumentation that distracted 
you from performing your 
driving duties or interrupted 
your concentration on your 
driving tasks? (n=12) 

n = 3 
drivers 

reported 
PERCLOS 
problems 

 
n = 0 

(no reports 
of problems) 

n = 0  
(no reports 

of problems) 

n = 3 
drivers 

reported 
SafeTRAC 
problems 

 
n = 0 

(no reports 
of problems) 

73 

Did you notice anything unsafe 
about the fatigue management 
equipment and systems 
installed in the cab of your 
truck? (n=12) 

n = 0 
(no reports 

of problems) 

n = 0 
(no reports 

of problems) 

n = 0 
(no reports 

of problems) 

n = 1 driver 
reported 

SafeTRAC 
problems 

n = 0 
(no reports 

of problems) 
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Table 75.  CANADA Study Phase: Summary of drivers’ responses to questions 70 and 71 of the 
Human Factors Structured Interview Questionnaire administered during debriefing following the 
FMT FEEDBACK Condition at the end of their 4 weeks  (see Appendix F-1 for detailed responses). 

No. Question Copilot 
(PERCLOS) SleepWatch PVT SafeTRAC HPCS* 

70 

Which system(s) matched your 
alertness level best? Rank them with a 
number 1 as best and 4 as the least 
helpful in matching your alertness level).  
And then tell U.S. how you think the 
most effective ones did this? (n=26) 

Mean = 3.05 
rank 

frequency 
1 =   0 
2 =   6 
3 =   4 
4 =   7 

  total = 17 

Mean = 2.38 
rank 

frequency 
1 =   8 
2 =   3 
3 =   4 
4 =   6 

   total = 21 

Mean = 2.04 
rank 

frequency 
1 = 10 
2 =   4 
3 =   3 
4 =   4 

   total = 21 

Mean = 1.90 
rank 

frequency 
1 = 10 
2 =   6 
3 =   2 
4 =   3 

  total = 21 

— 

71 

Which system(s) matched your 
drowsiness level best?   Rank them 
with a number 1 as best and 4 as the 
least helpful in matching your 
drowsiness level).  And then tell U.S. 
how you think the most effective ones 
did this? (n=25) 

Mean = 2.84 

rank 
frequency 

1 =   1 
2 =   4 
3 =   4 
4 =   4 

  total = 13 

Mean = 2.23 

rank 
frequency 

1 =   8 
2 =   2 
3 =   2 
4 =   5 

  total = 17 

Mean = 2.22 

rank 
frequency 

1 =   8 
2 =   3 
3 =   2 
4 =   5 

  total = 18 

Mean = 2.00 

rank 
frequency 

1 =   8 
2 =   6 
3 =   2 
4 =   3 

  total = 19 

— 

 
 Grand average ranking for Q. 70 & 71 2.94 2.30 2.13 1.95 — 

*HPCS system was not rated because it did not purport to measure alertness or drowsiness 
 
 
 
 
 
Table 76.  U.S. Study Phase: Summary of drivers’ responses to questions 70 and 71 of the Human 
Factors Structured Interview Questionnaire administered during debriefing following the FMT 
FEEDBACK Condition at the end of their 4 weeks (see Appendix F-2 for detailed responses). 

No. Question Copilot 
(PERCLOS) SleepWatch PVT SafeTRAC HPCS* 

70 

Which system(s) matched your 
alertness level best? Rank them with a 
number 1 as best and 4 as the least 
helpful in matching your drowsiness 
level).  And then tell U.S. how you think 
the most effective ones did this? (n=12) 

Mean = 3.00 
rank 

frequency 
1 =   1 
2 =   3 
3 =   1 
4 =   5 

  total = 10 

Mean = 2.10 
rank 

frequency 
1 =   4 
2 =   3 
3 =   1 
4 =   2 

   total = 10 

Mean = 2.70 
rank 

frequency 
1 =   4 
2 =   0 
3 =   1 
4 =   5 

   total = 10 

Mean = 2.10 
rank 

frequency 
1 =   3 
2 =   3 
3 =   4 
4 =   0 

  total = 10 

— 

71 

Which system(s) matched your 
drowsiness level best?   Rank them 
with a number 1 as best and 4 as the 
least helpful in matching your 
drowsiness level).  And then tell U.S. 
how you think the most effective ones 
did this? (n=12) 

Mean = 3.18 

rank 
frequency 

1 =   1 
2 =   2 
3 =   2 
4 =   6 

  total = 11 

Mean = 2.54 

rank 
frequency 

1 =   1 
2 =   6 
3 =   1 
4 =   3 

  total = 11 

Mean = 2.36 

rank 
frequency 

1 =   5 
2 =   0 
3 =   3 
4 =   3 

  total = 11 

Mean = 1.91 

rank 
frequency 

1 =   6 
2 =   1 
3 =   3 
4 =   1 

  total = 11 

— 

 
 Grand average ranking for Q. 70 & 71 3.09 2.32 2.53 2.00 — 

 

Canada Study Phase 1 results

U.S. Study Phase 2 results



      
 
 

 117

 
 
 
 
 
 

 
Table 77. CANADA Study Phase: Frequency of drivers’ responses to question 84 of the 
Human Factors Structured Interview Questionnaire administered during debriefing 
following the FMT FEEDBACK Condition at the end of their 4 weeks of participation (see 
Appendix F-1 for detailed responses). Question 84 asked “if first we fixed all the 
complaints you commented on, how would you rank the items on a scale from 1 to 10 in 
terms of how well you would like them for yourself and other truck drivers?” Rank of 10 = 
“terrific idea, and you would like to have one in your truck and/or think other drivers 
should want it too.” Rank of 1 = “not good, don’t like or want it.” 

Rating Rating 
anchors 

Copilot 
(PERCLOS) SleepWatch PVT SafeTRAC HPCS 

9.5 – 10 
Terrific idea; 
Would like to 
have in truck 

1 3 —* 8 8 

8.5 – 9.0  1 2 — 4 2 

7.5 – 8.0  5 5 — 4 7 

6.5 – 7.0  3 3 — 4 1 

5.5 – 6.0  2 4 — 0 3 

4.5 – 5.0  7 2 — 4 1 

3.5 – 4.0  2 3 — 0 1 

2.5 – 3.0  1 2 — 0 1 

1.5 – 2.0  1 1 — 1 0 

0.5 – 1.0 
Not good 

Don’t like it; 
don’t want it 

1 0 — 1 1 

  n = 24 n = 25 — n = 26 n = 25 
Average 
ranking  

 5.79 6.42 — 7.60 7.60 

Percent ≥ 5.5  50% 68% — 77% 84% 
*Question 84 did not ask drivers to rate the PVT. 
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Table 78.  U.S. Study Phase: Frequency of drivers’ responses to question 84 of the Human 
Factors Structured Interview Questionnaire administered during debriefing following the 
FMT FEEDBACK Condition at the end of their 4 weeks of participation (see Appendix F-2 for 
detailed responses). Question 84 asked “if first we fixed all the complaints you commented 
on, how would  you rank the items on a scale from 1 to 10 in terms of how well you would 
like them for yourself and other truck drivers?” Rank of 10 = “terrific idea, and you would 
like to have one in your truck and/or think other drivers should want it too.” Rank of 1 = 
“not good, don’t like or want it.” 
Rating Rating 

anchors 
Copilot 

(PERCLOS) SleepWatch PVT SafeTRAC HPCS 

9.5 – 10 
Terrific idea; 
Would like to 
have in truck 

0 1 —* 2 6 

8.5 – 9.0  0 3 — 2 2 

7.5 – 8.0  1 1 — 4 0 

6.5 – 7.0  1 0 — 1 1 

5.5 – 6.0  0 0 — 0 1 

4.5 – 5.0  1 4 — 2 1 

3.5 – 4.0  0 1 — 0 1 

2.5 – 3.0  2 1 — 1 0 

1.5 – 2.0  3 0 — 0 0 

0.5 – 1.0 
Not good 

Don’t like it; 
don’t want it 

4 1 — 0 0 

  n = 12 n = 12 — n = 12 n = 12 
Average 
ranking  

 2.96 6.08 — 7.46 8.33 

Percent ≥ 5.5  17% 42% — 75% 83% 
*Question 84 did not ask drivers to rate the PVT. 
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Table 79. Combined CANADA and U.S. Study Phases: Frequency of drivers’ responses to 
question 84 of the Human Factors Structured Interview Questionnaire administered during 
debriefing following the FMT FEEDBACK Condition at the end of their 4 weeks of 
participation (see Appendices F-1 and F-2 for detailed responses). Question 84 asked “if 
first we fixed all the complaints you commented on, how would you rank the items on a 
scale from 1 to 10 in terms of how well you would like them for yourself and other truck 
drivers?” Rank of 10 = “terrific idea, and you would like to have one in your truck and/or 
think other drivers should want it too.” Rank of 1 = “not good, don’t like or want it.” 
Rating Rating 

anchors 
Copilot 

(PERCLOS) SleepWatch PVT SafeTRAC HPCS 

9.5 – 10 
Terrific idea; 
Would like to 
have in truck 

1 4 —* 10 14 

8.5 – 9.0  1 5 — 6 4 

7.5 – 8.0  6 6 — 8 7 

6.5 – 7.0  4 3 — 5 2 

5.5 – 6.0  2 4 — 0 4 

4.5 – 5.0  8 6 — 6 2 

3.5 – 4.0  2 4 — 0 2 

2.5 – 3.0  3 3 — 1 1 

1.5 – 2.0  4 1 — 1 0 

0.5 – 1.0 
Not good 

Don’t like it; 
don’t want it 

5 1 — 1 1 

  n = 36 n = 37 — n = 38 n = 37 
Average 
ranking  

 4.85 6.31 — 7.55 7.84 

Percent ≥ 5.5  39% 59% — 76% 84% 
*Question 84 did not ask drivers to rate the PVT. 
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U.S. Study Phase 2 results 
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Appendix A 
 Photos of FMT Hardware 

(Applies to both Canada and U.S. Study Phases) 

SleepWatch® analog 
performance “fuel” gauge

SleepWatch®  in clock mode

Button press to view 
“Performance-Readiness,” 

which is displayed as a 
percentage (P) from 0-99%; in 
this example, as “75P” or 75% 

optimal.

SleepWatch® sleep management tool provided by Walter 
Reed Army Institute of Research (Silver Spring, MD) 
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SleepWatch® as worn on 
the wrist
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PERCLOS display (left) and infrared detector (right). 
Feedback from the system was provided on a separate digital 
display box (left below) and consisted of a CoPilot® proprietary
algorithm score from 0 to 99, where 0 indicated maximum 
eyelid closure and 99 indicated minimum eyelid closure. 

The CoPilot® infrared retinal reflectance monitor for 
PERCLOS measurement (slow eyelid monitor) 

provided by Attention Technologies (Pittsburgh, PA)
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The SafeTRAC photograph depicts a vehicle green line centered 
within two sets of painted lines: a solid vertical lane marker on the 
right (e.g., road shoulder), and the equal sign (=) on the left (e.g., 
dashed painted lane marker). In this photo, the digitally-displayed 
algorithm-based alertness score, which can range from 0 (low 
alertness due to poor lane tracking) to 99 (high alertness due to 
excellent lane tracking), is 86. 

SafeTRAC mounted in 
truck. Display indicates 

“alertness” score of 92 out of 
99 (maximum “alertness”).

SafeTRAC® lane-tracking system provided 
by AssistWare (Wexford, PA) 
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Howard Power Center Steering system  
provided by River City Products (San Antonio, TX)

HPSC control unit accessible to driver 

The HPCS consists of two principal components, the Hydraulic Power 
Centering Cylinder and the Air Activated Hydraulic Pressure 
Accumulator. The source of hydraulic steer wheel centering pressure 
comes from the Air Actuated Hydraulic Accumulator. The air and fluid 
chambers in the accumulator are separated by a flexible membrane that 
serves as a diaphragm, whereby the air and fluid pressures are always 
the same but do not mix. 
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AP+ black box recorder 
provided by Accident Prevention Plus (Palm Beach Gardens, FL)
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Psychomotor Vigilance Test device (PVT-192, 
Ambulatory Monitoring, Inc.) provided by Dr. David 
Dinges, University of Pennsylvania (Philadelphia, PA)
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Challenger Motor Freight participated in Study Phase 1 in Canada. 
Their drivers operated single tractor-trailer units with sleeper berths. 
Approximately 74% of their driving was conducted during daylight. 

Con-Way Central Express participated in study phase 2 in the USA. Their 
drivers operated tandem tractor-trailer units without sleeper berths.  
Approximately 93% of their driving was conducted during the night. 

Motor freight carrier companies that participated in the study 
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Appendix B 
Instructional Materials for Drivers in Study 

(Applies to both Canadian and U.S. Study Phases) 
 

I.  Fatigue Management Training Course for Driver Participants in  
Field Test of Fatigue Management Technologies (FMT), provided by 
Dr. G. Krueger, Krueger Ergonomics (Alexandria, VA) 

 
Education Module on “Mastering Alertness and Managing Driver Fatigue” 

1. We provided all driver participants with a 3-hour “tailored” course on mastering alertness and 
managing driver fatigue. 

2. Course material and instruction was a 3-hour extract from the FMCSA-ATAF’s 4-hr train-the-
trainer course “Mastering Alertness and Managing Driver Fatigue,” which Dr. Gerald Krueger 
helped develop; and since Oct. 1996 taught 60+ times, to over 3,200 safety and risk managers 
around the country. 

3. Dr. Krueger’s “tailored instruction” for the FMT participant drivers was cognizant of the trucking 
carriers’ (Challenger Motor Freight, Con-Way Express) company policies, procedures, and 
scheduling practices, and in part was determined through discussion with officials of each company. 

4. Dr. Krueger taught the course in groups of four drivers at a time (striving for group interaction) 
during the week prior to each driver’s participation in the FMT study.  The course was taught in 
each carrier’s training room facility. 

5. Course content included: 
• Ice breaker 20-question quiz & answer sheet: 

What do you know about fatigue?  The questions are all answered in the video. 
• VHS Video (19 minutes): “The Alert Driver” (1996 ATA & Jim Slade) 
• VHS Video (4.5 minutes): Earl Pitts’ Commentary on Fatigue (Circadian rhythms) by the 

Institute of Driver Behavior, 1998 
• Outline of major topics covered in the training were the following from the Course prepared by 

Star Mountain. (O’Neill, Krueger, & Van Hemel, 1996): 

 The nature and impact of fatigue related truck crashes, e.g. single roadway departures. 

 What is fatigue? (physical & general mental fatigue’ acute & chronic). 

 Fatigue and waning attention, performance effects.  

 Recognizing signs of drowsy driving and what to do about them. 

 Circadian rhythms, two lull periods of day, and performance concerns. 

 The nature of sleep, sleep quantity and quality, sleep inertia, naps, sleep debt, recovery sleep 
etc., sleep strategies.  
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 Shift worker work-rest schedules and shift lag implications 

 Sleep maladies, insomnia, apnea, etc. affect performance. 

 Stimulants & hypnotics (brief coverage of caffeine, Melatonin etc.). 

 Diet and nutrition, physical fitness, health and wellness. 

 Fatigue countermeasures:  preventive measures before long trips, and on the road 
countermeasures while making long drives. 
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II.  Driver instructions on use of onboard AP+ black box recording 
system provided by Accident Prevention Plus (Palm Beach Gardens, 
FL) 

 
The AP+ onboard recorder records many forms of data about your truck, some information about your 
driving, and especially it collects the information we are interested in regarding the fatigue management 
instruments, displays, and the HPCS.   
 
The AP+ onboard recorder turns on with the ignition switch of the truck, and it records 
continuously all the while the truck is running. 
 
We have given you two (2) different kinds of recorder cards.  One is a simple Smart ID Card for 
identification of you as the driver, by your participant number, as the person who recorded those 
driving data.  The Smart ID Card is white and is about the size of a standard credit card.  There is a 
single thin slot in which to place this credit card shaped ID card.  The card goes in only one way, and 
you should not force it. This card sort of snaps into place. As you insert the card, be sure to slip it in 
just above the white metal sheet in the slot, that is, do not slide your card under the white strip of sheet 
metal. 
 
You can leave your Smart ID card in the recorder most of the time.  But if you are turning the truck 
in for maintenance and expect the shop personnel will be driving the truck for some distance, then be 
sure to take your Smart Card out. But do not forget your card or misplace it; and be sure that you 
reinsert it into the recorder before your next drive.   
 
The second card we are giving you is a thicker white card, which says “MEMO CARD” on it, and 
perhaps the words AP+ Memory Card as well.  Actually we might give you two such cards, one to use, 
and one as a backup.  On the front of the white and black boxes of the recorder, there are two slightly 
wider slots, one on top of the other.  One wider slot is for the AP+ Memory Card on it.  It has as set of 
five (5) green lights adjacent to the slot.  You are to place one Memory Card into the wider slot next 
to those green lights.  The Memory card will protrude or stick out from the slot about half way. 
 
The other wider slot remains open and empty, and we ordinarily will have a piece of tape over it so you 
will not make a mistake and try to insert your Memory Card into it.   
 
The Memory card should collect data for several weeks; but we might ask that we swap out one of the 
Memory Cards about half way through, and have that card mailed to us by Challenger via express mail, 
so that we can examine the data collected to be sure everything is working correctly. 
 
Do not try to force the cards into the machine, as they can get jammed, or break.  
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III. Driver instructions on the use of the Daily Diary provided by Dr. G. 
Krueger, Krueger Ergonomics (Alexandria, VA) 

 
Participant Driver’s Daily Activity Diary and Notebook Instructions 

 
Herewith is a copy of the introductory paragraph and instructions for inclusion in the front of a small, 
stiff, covered notebook to be handed out to the FMT Participant Truck Drivers and kept by each as a 
Driver’s Daily Activity Diary during the approximately four weeks of each driver’s participation in the 
FMT Pilot study. 
 
The booklets will present blank “check-off” sheets for each day of a driver’s participation (i.e. about 30 
to 35 pages).  A page will be labeled for each day, irrespective of whether the driver is driving/working 
that day or not.  During driver training, each driver will be encouraged to write something of daily 
interest each day on a separate page.  They will be encouraged to write in the diary more frequently if 
they are so inclined and are able to find the time.  The calendar date and the numbered day of 
participation (e.g., 1 through 32) for each driver’s day in the study will be written at the top of each 
page – pencil will be used so that the date can be altered should there be a delay in a driver’s 
participation.  
 

Instructions to Participant Drivers 
 
1. The data we are collecting from you, from your wrist, and from the devices that were placed in your 

truck, as well as from the black box recorder mounted in your truck, will provide information on 
many parameters that are of interest in this study.  This recorded data will be exclusively for use 
during later analyses.  It will not give us daily indications of your progress.  As explained in the 
instructions and on the volunteer consent form, these data will be treated confidentially.  

 
2. To help us interpret the data, we ask you to provide us with a set of your own notes in this driver’s 

daily activity diary booklet.  In this diary, please list whatever activity occurred that you think is 
important to give us a clear understanding of why things happened the way they did each day.   

 
3. We are interested in your activities on your driving/working days, on your non-driving days, and on 

your days off.  Please record what took place each day in simple terms.  It would be a great help if 
you could add in the clock times associated with each of the activities/events referred to in your 
notes. If you refer to an entry at 8 p.m., for example, simply list that time in the left hand margin. 

 
4. In general, we would ask you to document such items as: 

• long delays for traffic or loading/unloading, such as 
 Unloading freight from about 2 p.m. until 6 p.m. 
 It was slow moving on road from about 10 p.m. until 1:00 a.m. 

• descriptions of weather-related problems in driving, such as 
 Bad snowy highway 

• taking rest stops to have a meal or take a nap, such as 
 I took a nap in my truck sleeper berth from about 9:30 to 11:30 p.m. 

• waiting for the dispatcher and/or broker to assign a load 
• observations about the FMT devices, such as 
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 The lane tracker seemed to be giving me false readings this morning, so I watched it 
more carefully today 

• notes about special road conditions, such as 
 The roads I traveled were very hilly today and I had a heavy load, which slowed the 

driving 
 Road construction caused me to slow down and I had to drive more carefully 

• notes about off-duty periods and activities, such as 
 I took today off from work and went fishing 
 Slept much of the day 
 I mowed the lawn for about 90 minutes this afternoon 
 I slept/napped on the couch in front of TV intermittently for three hours Saturday 
 My wife and I went to a party and got home late, about 2:00 a.m., and so got little sleep 

tonight 
• daily routine activities, such as 

 I slept at a motel from about 11:30 p.m. until 6:30 a.m., ate breakfast and then went 
back on the road to drive the next 8 hours or so 

 
5. You probably get the idea.  Your descriptions of day-to-day activities might help explain the data 

from the truck or FMT devices more clearly.  For example, your notes from your days off work will 
help us determine why your wrist activity SleepWatch data appear the way they do.   

--------------------------------------------------------------------------------------------------- 
(see next page for sample daily diary sheet)
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Daily Diary Sheets 
(This would be a page-by-page set of blank check-off sheets with the participant’s dates on each page) 

 
Driver Participant: _________ Calendar Date: _________  Day in study: _________ 
 
Today I had: 
 

 long delays for traffic      (time:___________________) 
 

 weather problems while driving  (time:__________; weather:________________) 
 

 slow moving on the road     (time:___________________) 
 

 traffic jams, making it slow going   (time: __________________) 
 

 numerous hilly roads, making it slow going  (time: __________________) 
 

 considerable crosswinds     (time: __________________) 
 

 long wait(s) for dispatcher/broker to assign load (time: __________________) 
 

 rest break(s) for hygiene/eating a meal  (time: __________________) 
 

 rest break(s) including a sleep period   (time: __________________) 
 

 sleep/nap(s) in motel, house etc.   (time: __________________) 
 

 sleep/nap(s) in truck sleeper berth   (time: __________________) 
 

 a day off from driving     (time: __________________) 
 

 activities on my day off that included: _____________________________________ 
 
   _____________________________________________________________________________ 
 

 FMT devices getting my attention (e.g. PERCLOS, SafeTRAC, SleepWatch) 

   some observations/details:  _________________________________________________ 

   _____________________________________________________________________________ 

 
 a number of delivery stops:  number ________ 
 

 loading and/or unloading activities done by others (time: __________________) 
 

 personal physical activity in loading/unloading (time: __________________) 
 
My comments about this day/night, and activities, etc.:    
 
________________________________________________________________________________ 
 
________________________________________________________________________________ 
 
________________________________________________________________________________ 
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IV.  Driver instructions on use of the Howard Power Center Steering  provided by 
River City Products (San Antonio, TX) 
 
The Howard Power Center Steering system was taught to drivers individually by representatives from 
River City Products, San Antonio, TX. Instruction was intensive and included both a discussion of how 
the system functioned and an over-the-road, hands-on experience with the instructor on board. The 
highly interaction nature of the instruction exceeded what could not be summarized in a simple script. 
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V.   Driver instructions on use of the CoPilot® infrared retinal 
reflectance monitor for PERCLOS measurement (slow eyelid 
monitor) provided by Attention Technologies (Pittsburgh, PA) 

 
The PERCLOS Monitor looks for a driver’s level of alertness, or for indications of drowsy drivers.  It 
really monitors the amount of eyelid closure, or the frequency of blinking over a period of time—that 
might indicate that a driver is getting drowsy.  
 
Aiming the red light splashed on your face.  The gray box emits a small splash of infrared light on the 
driver’s face; but the infrared light is lower than the visible spectrum.  You are likely to see a circular 
array of small red lights in this box, aimed toward your face.  The actual red splash of light on your face 
is not so easily seen by the human eye.  There is no health or injury risk from that small light bath. 
 
If you can see a reflection of your nose and eyes in the plastic glass window, then the light is aimed 
correctly.  If you cannot see your reflection, then please adjust the gray box on the swivel mount until 
you can see the reflection of your face in the gray box.  Use two hands to turn the swivel, and try not to 
jar it loose, as it is not very rugged.  
 
How PERCLOS works.  The cameras in that gray box look for a small amount of light reflected from 
your eyes back toward the box.  That permits the PERCLOS camera and electronics to compute a 
numerical index (numbers from 0 to 100) to indicate how often, or how long your eyelids were either 
drooping or were closed, as for example when you have a long blinking of the eyes. 
 
Display of Alertness Score.  The separate dark box display to the left of the PERCLOS camera presents 
the lighted index Alertness Score displayed from 0 to 100 to indicate how much eyelid closure the 
camera is detecting.  In that way, it serves as a drowsy driver indicator.  The display will be lighted 
only during your weeks 3 and 4 of driving in this study. 
 
There are several ways to interpret the Alertness Score.  One way is to consider the relationship 
between the score and the amount of time your eyes are closed.  If you sit in the driver’s seat and look 
out the front window and turn on the system, the display should start at 100 and stay high (95-100) 
while you look straight ahead.  Now if you close your eyes for 3-4 seconds, the score should drop to 
about 90-92.  If you close your eyes longer, the score will drop lower.  
 
Another way to think about the Alertness Score is as a letter grade from A to F, with A= a score 
between 90 to 100, and a B = 80 to 89, C = 70-79, D = 60 to 69, and F = 0 to 59. 
 
The PERCLOS really only works well during darkness, at night, and while you are driving at highway 
speeds.  It is not very meaningful in city traffic.  When driving in city traffic, frequent mirror checking 
takes your eyes off the road for long periods of time.  This will lower the Alertness Score even though 
you are not drowsy.  PERCLOS is meant to work when driving long distances on the highway and at 
night.  
 
During the first two weeks of our study, the baseline period, the Alertness Score index will be covered 
over with a cloth shroud so that you cannot see it.  Then, during the second two weeks (week 3 and 4) 
of your participation in the study, we will uncover that Alertness Score index and ask you if it seems to 
be helpful or meaningful to you for monitoring your alertness and fatigue during night driving. 
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The PERCLOS will turn on whenever you turn on the engine ignition switch, and it should stay on 
while the engine is running.  There should be no need for you to turn knobs or operate controls or 
switches on the PERCLOS system.   We will likely have the two switches taped into the “on” position 
at all times to remind you not to fiddle with them.  And the cloth shroud over the display will be 
removed before you begin week number three of your driving in the study. 
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VI. Driver instructions on use of Psychomotor Vigilance Test (PVT-192) 
provided by Dr. Dinges, University of Pennsylvania (Philadelphia, 
PA)  

 
The PVT is a simple reaction time test, which takes about 11 minutes to perform.  
We would like you to do this PVT twice per day on all your work-days (driving days). You do not have 
to take the PVT on your days off from work.   
 
Take the reaction time test in a quiet place! 
 
On your driving work days, please find a quiet, consistent place, like your truck cab to take the PVT 
for eleven (11) minutes without interruption.  Please be sure there are no other people around you as 
that would be a distraction.  Also be sure to turn your CB radio down or off, or be away from any other 
noises if possible.   
 
We would like you to take the PVT test once about half-way through your work day, or half-way 
through a lengthy road trip.  You may do this at what you consider to be your normal, off-the-road rest 
break spot, etc.   
 
Then take the PVT 11-minute test a second time, at the end of each driving day, preferably soon after 
you have completed the drive.  Perhaps this could be before you exit the truck, or if not, then as soon 
after that as it becomes practical to do so.  However take it before you get ready to bed down for your 
sleep period.  Remember, our study of RT is meant to look at how drowsy you become at the end of 
long drives.  
 
Please get into the habit of storing the PVT box in the same place every time so you are more likely to 
remember where it is, and will also remember to take your reaction time tests twice per working day.  
Perhaps storing it in a safe, warm place in the cab or sleeper berth of the truck would make best sense, 
and make it easier for you to sit quietly in the truck cab to take your twice daily reaction time tests.   
 
PVT Batteries and Charging:  
 
We will hand you the PVT box with the batteries fully charged at the beginning of your 4+ week 
participation with us.  Theoretically, you should easily get 2 weeks of use out of a fully charged PVT 
box before it needs to be recharged.   If you want to make sure that the batteries are always closer to the 
fully charged state, then charge the batteries for 6 to 12 hours, say after 1 week of using the unit. Plug 
the recharging unit into the box and into a wall socket outlet for from 6-12 hours.  Be sure to do this 
with the on-off switch turned to the off position.   
 
The batteries in the PVT can become over-charged.  You should not charge them for more than 24 
hours.    
 
Downloading PVT Data.  We will attempt to “download” PVT data from your device at the two-week 
change-over period when you change from having NO visual displays to the condition WITH the 
displays turned on.  If we have problems catching up to you, please continue to take your two PVT tests 
per working day.  If you have any questions, do not hesitate to call Dr. Krueger at: (703) 704-1801 or 
(703) 768-3421.  
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Specific Instructions for taking the Psychomotor Vigilance Test (PVT) 
 
At the beginning and at the end of each ten-minute reaction time (RT) test, there will be a sleepiness 
scale.  Please indicate how sleepy you feel RIGHT NOW by using the LEFT button to move the cursor 
closer to “no” or “yes.”  The cursor only moves to the right.  Press the RIGHT button to register your 
choice.  Now you are ready to begin the test.   
 
During the reaction time test, as soon as you see the red numbers in the top window, press and release 
the button using your preferred hand, (the hand you typically write with).  You may use your thumb or 
finger, but once you have decided, always use the SAME ONE for all subsequent tests.  The numbers in 
the display show how fast you responded each time – in milliseconds, that is, in thousands of a second.  
If the number displayed is .345, your reaction time was 345 milliseconds, or slightly over 1/3 of a 
second.  That means the smaller the number, the faster your reaction time was, and the better you did.  
Try to do your best, and get the lowest number you possibly can. 
 
If you press too early (before the red numbers appear) you will see an error message, “FS, indicating a 
FALSE START.   If you press the other button on the PVT you will see the message “ERR,” indicating 
an Error.  Avoid “FS” and “ERR.”  If you forget to release the button, the test screen will remind you 
after a short time.  If you get an error signal, that trial is gone, so then just concentrate on doing better 
on the next reaction time event. 
 
You will know that you are at the end of the 10 minutes of reaction time trials when you will see 
another sleepiness scale.  Please indicate how you feel on the sleepiness scale at the end of the PVT 
task BEFORE you turn off the PVT device; allow the machine to return to the displayed words: 
Select, Test and Setup, and then turn it off.  Then please re-store it in a safe warm place.  If you 
do not indicate how you feel on the sleepiness scale at the end of the PVT, some of the data will be 
lost and your time will have been wasted.   
 
Thank you. 
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VII. Driver instructions on use of the SafeTRAC® lane-tracking system 
provided by AssistWare (Wexford, PA) 

 
The SafeTRAC system has a small camera mounted in the center of the front windshield facing 
outward onto the highway in front.  The camera is facing the painted lines on the highway, or scanning 
for the contrast between the road’s edge and the shoulder, etc.  See the photo depicting the SafeTRAC 
display, and the small window camera next to the display. 
 
The SafeTRAC display box shows two things: 
  

(1) a lane centering position display, depicting a single vertical, a hash-mark that moves right 
and left to indicate the position of your vehicle between the painted lines on either side of 
your truck.  There are also vertical solid line hash-mark indicators depicting a solid painted 
line on the highway in front of your truck.   

 
When there is a “dashed line” painted on the road in front of your truck, a pair of horizontal 
hash marks, looking like and equal sign ( = ) will appear on the outside of your truck 
indicator on the display.  These will be either right or left of your truck marker depending on 
whether the painted lines are right or left of your truck.  Until perhaps you enter an 
intersection of streets where no painted lines are present—then the = sign will disappear 
until you get to the other side of the intersection.   

 
When there are no painted lines, these hash-marks will disappear and return only after 
you again drive between a set of lines for a few minutes.  

 
A solid painted line at the shoulder of the road will appear as a solid vertical line on the right 
side of the display.  Or, if there is a solid painted line to the left of your vehicle, then the 
solid hash-mark will appear on the left of the lane tracking display. 
 

(2) a numerical lane tracking score from 1 to 99, on the left side of the display.  After you 
have pulled away from a stop, and have driven on a lane painted highway for a few minutes, 
the display on the left will present a lane-tracking score from 1 to 99, indicating the 
approximate percentage of time you vehicle tracked pretty much in the center of that driving 
lane for the past several minutes. 

 
You can inform the SafeTRAC system that you are purposely going to cross over a painted lane 
marking --- for example when you plan to pass a vehicle in front of you—by simply activating your 
turn signal.  This will tell the SafeTRAC system not to decrement your score for an intentional lane 
crossing.  
 
What does the SafeTRAC score mean to me?  Generally, a high score, say above 80 or 85 or so, 
would indicate you are driving predominately in the middle of the lane over time (measured in 
minutes).  If you tend to “hug” one painted lane line or the other, like if you tend to drive nearer to the 
road shoulder, your score will likely reflect that fact.  So you will have to learn how meaningful the 
score is to you to determine how well it reflects your alertness or your driving tendencies regarding lane 
tracking.  
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The SafeTRAC should turn on automatically whenever the truck ignition switch is turned on.  You 
should not have to fiddle with any controls or knobs to make it work. 
 
The SafeTRAC display will be covered over during your first two weeks of driving.  We will lift 
the shroud off the display for your second two weeks so you can see the display for weeks 3 and 4. 
 
During the weeks 3 and 4 of your driving, when you cross a lane without first activating your turn 
signal, the SafeTRAC should emit a single small beep sound once.  Try it a few times during the first 
day of your third day of travel and you will quickly get the hang of it. 
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VII. Driver Instructions on the use of the SleepWatch® personal sleep 
management tool provided by Walter Reed Army Institute of 
Research (Silver Spring, MD) 

 
The wrist-watch (SleepWatch monitor) we have given you should serve as a suitable replacement for 
your normal wrist-watch.  We recognize some drivers might want to also wear your normal wrist-watch 
as well, at least until you become comfortable that this one is keeping proper time for you. 
 
Setting the time on the SleepWatch dial.  This wrist-watch displays the time-of-day in either the 12-
hour clock or the 24-hour format.  To set the time on the watch face, simply depress the left button for 
3-4 seconds until the display flashes either 24H or 12H; and if you wish to change from one to the 
other, while that 24H or 12H is flashing, depress the right button to change.  Depress the left button 
again to confirm your change. 
 
If you need to reset the time on the dial face, after depressing the left button for 3-4 seconds, and 
passing through and confirming the 24 or 12 hour setting, then depress the left button again, and it 
should bring up the Hour setting.  If it needs correcting, you can advance the hours by depressing the 
right button until you reach the desired hour for setting.  Then depress the left button to confirm the 
hour setting.  Next, do the same thing for setting the minutes (1-60), and then for the seconds in the 
same fashion. This procedure is much like that of setting other digital watches.  
 
Reading the SleepWatch’s Reaction Time Performance Predictor indicator: “P” 
While the SleepWatch is on your wrist, you will probably see some “hash marks” stretching from the 
0900 position upwards toward the 12 or even 1 or 2 o’clock on the clock face dial.  The hash marks 
indicate the device is capturing movement data from your wrist, and gives you a relative indication of 
how much sleep you have been obtaining or losing. More hash marks indicate you have been sleeping 
adequately; fewer hash marks indicate you have not been getting enough rest or sleep.  
 
More importantly, at any time, if you simply depress the left button once for about 1-2 seconds, the 
display will present a digital reading of a Reaction Time Performance Predictive value labeled “P.”  
The P number is based upon a sleep and performance predictive model developed after many years of 
sleep and sleep deprivation research at the US Army’s Walter Reed Army Research Institute in 
Washington, DC.  The P number is like a “fuel gauge” indicating your level of alertness, or your 
readiness to perform on tests or tasks that require thinking and especially reaction time.  
 
Generally, the higher P score is indicating you are getting more daily sleep, perhaps even more restful, 
as opposed to tossing and turning sleep.  If for example the number displayed is between 75 and 90 P 
you get some indication you are averaging a fair number of hours of sleep each 24 hour day; whereas if 
the P value is down around 50-60 you are probably not getting nearly enough sleep to maintain 
adequate levels of driver alertness.  If we measured you on a reaction time test at that precise moment, 
you would probably not score your faster reaction times. 
 
The sleep and performance model also incorporates calculations based on circadian rhythm physiology 
(body clock); it takes into account whether or not you are working through the night, e.g. during 0100-
0530 hours; or during the known mid-afternoon lull from 1300-1600 hours.  If you are awake then, the 
P values may drop somewhat for a while, perhaps until your next sleep.  
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Gaining the best accuracy from your SleepWatch.  The best accuracy is obtained by wearing the 
SleepWatch continuously 24-hours per day, seven days per week.  If you take the SleepWatch off and 
set it down for a while, the model inside will become confused, and will start to give you ranges of P 
values, such as it will flash 65-70 indicating it can’t be sure how much sleep you got or missed.  So to 
be maximally effective, we ask you to wear the SleepWatch all the time.  And we much prefer you 
wear it on your non-dominant wrist.  So if you are right-handed, please wear the SleepWatch on the left 
wrist. 
 
Batteries or troubles with the SleepWatch.  The battery life of the SleepWatch should last for 4-5 
weeks.  Thus, you should not have to do anything about batteries in the watch.  If the SleepWatch does 
not seem to be working properly, please call Dr. Krueger.  
 
Water Immersion and the SleepWatch  The SleepWatch can be worn in the shower, but it was not 
designed to be totally immersed in water, so, please do not go swimming or bathe with the SleepWatch 
on your wrist.   
 
Swapping off the SleepWatch every two weeks and/or shipping it to us.  We will attempt to extract 
data from the SleepWatch every two weeks, at the time when we switch from the NO visual feedback 
on the displays to WITH visual feedback on the displays test conditions on the Driver Alertness and 
Fatigue monitoring devices in your truck.   
 
If we are unable to marry up or arrange for that swap, we would like you to continue to wear the 
SleepWatch continuously 24/7 until we do catch up to you, or make other arrangements via phone to 
have us ship you a new watch.   
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Data Cleaning 

 
This section documents further data cleaning on AP+® acquired data with recorded 
speeds of at least 30 mph. Data from Canada Study Phase 1 1 is used to illustrate the 
processes involved in data quality control. 

Excluded drivers 
The following lists the identification numbers of 7 Canadian drivers whose data were 

excluded from the cleaned analysis sample used for technology assessment because of 

insufficient data under at least one of the two experimental conditions (FEEDBACK and 

NO FEEDBACK).   

• Driver 3 (no AP+® data under the NO FEEDBACK condition—presumed lost  
  due to technical problems in recording data on truck) 

• Driver 9 (no AP+® data under the FEEDBACK condition—presumed lost  
  due to technical problems in recording data on truck) 

• Driver 14 (no data under FEEDBACK condition—dropped out of study for a personal 
matter; re-enrolled later as Driver 28.)  

• Driver 16 (insufficient data due to noncompliance to protocol) 
• Driver 20 (no AP+® data under the FEEDBACK condition—presumed lost  

  due to technical problems in recording data on truck) 
• Driver 24 (too little AP+®  data to analyze—presumed lost due to technical  
 problems in recording data on truck) 
• Driver 27 (too little AP+®  data to analyze—presumed lost due to technical  
 problems in recording data on truck) 
• Driver 28 (no AP+®  data under the NO FEEDBACK condition—presumed  

  lost due to technical problems in recording data on truck) 
 

This resulted in analyzable AP+® black box data for n = 20 Canadian drivers (i.e., 71% 

complete data acquisition rate relative to the n = 28 drivers empanelled). These were used in 

technology assessment analyses and hypothesis testing. For data acquisition procedures 

other than AP+, data on more drivers was often available. For example, completed post-

experimental debriefing surveys (i.e., Human Factors Questionnaire, see Appendix F) were 

Appendix C-1 
 Canada Data Quality Control Tables    
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obtained on all Canadian drivers who completed both segments of the study, regardless of 

whether electronic data from the AP+® black box were available. Consequently, the sample 

sizes for different dependent variables within and between measurement systems can vary 

considerably as to the number of drivers on which data are available.  

Decisions made by the research team while meeting on October 11, 2002 
During a research team meeting at ATRI in Alexandria, VA in the fall of 2002, the 

Biostatistics-Analysis Core (directed by G. Maislin) distributed documentation of additional 

problematic. These were discussed in depth and strategic data handling decisions were made 

as described below. 

Records with durations greater than 30 seconds 
The AP+® device stored data electronically in 1 second or longer bins.  Bins longer than 1 second occurred when there were no 
changes in parameters being stored by the AP+®.  In the “no records excluded” Canadian study phase sample, more than 80% of 
AP+® records (82% from the NO FEEDBACK condition and 81% from the FEEDBACK condition) summarized truck and driver 
status over 1 second. Approximately 12% summarized truck and driver status for 2 seconds. The remaining records 
(approximately 6%) summarized truck and driver status for 3 or more seconds. The distributions of record duration categories by 
driver and feedback condition from the Canada Study Phase 1 data are summarized in Data Quality Table 2 (Appendix C-1). 
Data Quality Table 3 (Appendix C-1) repeats this summary for the sample defined as “at least 30 mph” (n = 20 Canadian drivers 
used for data analyses on effects of FMT feedback). Further investigation identified extraordinarily long duration records that 
appeared to result from the AP+® clock registering elapsed time while the truck was not in use. Therefore, when attention was 
restricted to records in which speed was at least 30 mph, these records were excluded with some few exceptions. These exceptions 
were investigated for data validity. Data Quality Table 4 (Appendix C-1) for the Canada Study Phase 1 compares the total 
duration of records for each driver under both conditions for the “no excluded records” samples and for the sample restricted to 
records with speeds of at least 30 mph. The main difference in total durations of records is exclusion of records in which the truck 
was standing still while other records were excluded because the truck was traveling at less than 30 mph. 

 

All AP+ records in the ≥ 30 mph sample with durations longer than 20 seconds were examined. A decision was made to exclude 
records with durations greater than 30 seconds, because it was deemed unlikely that none of the multiple AP+ measured truck and 
driver parameters would have failed to change for even a second over a period of 30 seconds or longer when the truck was 
operating at speeds of at least 30 mph. Excluded records amounted to 9 out of 4.7 million records (i.e., only 0.0000019%). Data 
Quality Tables 5 and 6 (Appendix C-1) provide driver specific distributions of record durations under the NO FEEDBACK and 
FEEDBACK conditions, respectively. The same procedures were applied to data acquired in the USA drivers in study phase 2 
(Appendix C-2). 

Lane tracking confidence < 50% 
Data Quality Table 7 (Appendix C-1) provides the SafeTRAC® Lane Tracking (Offset) Confidence Category (0% vs. > 0 to < 
100% vs. 100%) in the “no records excluded” sample. As is evident in Data Quality Table 7 (Appendix C-1), a number of drivers 
had lane confidence values equal to 0%, unreliable values at certain times. After discussion with AP+® and SafeTRAC® 
representatives, lane-tracking offset values were deemed insufficiently reliable if lane tracking confidence was less than 50%. 
Therefore, lane tracking offsets were set to missing for all records with lane tracking confidence less than 50%.  A total of 3.8% 
and 2.1% of records in the ≥ 30 mph sample had confidence values below 50% from SafeTRAC®. Lateral distance, a primary 
outcome measure, is a function of lane tracking and so this was set to missing also for these records.  Data Quality Table 8 
(Appendix C-1) provides the same information for the cleaned analysis sample. Data Quality Tables 9 and 10 (Appendix C-1) 
provide greater detail with regard to the distributions of Lane Tracking Confidence values. The same procedures were applied to 
data acquired in the USA drivers in study phase 2 (Appendix C-2). 

 

Driver 13 SafeTRAC® variables 
Further examination of AP+® records for Driver 13 indicated technological failure. Therefore, all SafeTRAC® variables were set 
to missing for this driver (i.e., lane track confidence, lane track offset, and lateral distance including driver's alertness, ambient 
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light, light/dark, indicator, event category). Also, this driver was eliminated CoPilot® (for PERCLOS) with daylight = 0 since 
daylight information came from SafeTRAC®, which was deemed nonfunctional on this Driver’s truck. 

Vehicle offset and lateral distance 
Data Quality Table 11 for the Canada Study Phase 1 (Appendix C-1) provides summary 

statistics after all exclusions contained in the cleaned analysis sample for the values of the 

SafeTRAC® vehicle offset indicator as recorded by the AP+® system (Byte 6 of 

SafeTRAC®).  These exclusions include the setting of values with offset confidence < 50% 

to missing. 

  

According to AssistWare Technology, the makers of SafeTRAC®, the final five values in 

the 0 - 255 range of the lateral offset data byte are never used, so the translated range goes 

from -250 to +250cm in 2-cm increments, with a data byte value of 125 corresponding to a 

0-cm lateral offset. Therefore, numbers lower than 125 indicate the vehicle is left of center 

while numbers higher than 125 indicate the vehicle is right of center. Specifically, a value of 

0 for this byte in the output message indicates a SafeTRAC® assessment that the vehicle's 

current lateral offset to be –250 cm, or 2.5 meters left of lane center. A value of 1 for this 

byte in the output message corresponds to a lateral offset of –248 cm, etc. In order to 

provide a more interpretable value, lateral distance was computed from the vehicle-offset 

values as: 

 

Lateral Distance = (2*Vehicle Offset-250) 
 

Data Quality Table 12 for the Canada Study Phase 1 (Appendix C-1) provides summary statistics for the computed lateral distance values 
analogous to the summary in Data Quality Table 11 provided for vehicle offset. Data Quality Tables 13 and 14 (Appendix C-1) provide 
details regarding the distributions of lateral distances in the NO FEEDBACK and FEEDBACK conditions, respectively. In these tables, 
the distributions are summarized by providing the minimum and maximum values as well as the 10th, 20th, 30th, 40th, 50th (median), 60th, 
70th, 80th, and 90th percentiles. 
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SafeTRAC® Driver Alertness 
“Driver alertness” is an output provided by the SafeTRAC® based on a proprietary 

algorithm using lane tracking input. The output ranges from 0 to 99. When the system is not 

measuring “alertness,” the score is equal to 100. Data Quality Table 15 for the Canada Study 

Phase 1 (Appendix C-1; comparable data for the USA study phase is in the Table 15 of 

Appendix C-2) provides summary statistics for SafeTRAC® alertness for each driver under 

both conditions using the cleaned analysis.  Data Quality Tables 16 and 17 (Appendix C-1) 

provide details of the distributions for each driver in the NO FEEDBACK and FEEDBACK 

conditions, respectively. Examination of Driver 11's NO FEEDBACK distributions of 

SafeTRAC® Driver's Alertness and lateral distance (computed from vehicle offset) revealed 

extreme values. Therefore, this Driver’s alertness and vehicle offset (and lateral distance) 

were set to missing under both conditions for the cleaned analysis sample. Data Quality 

Table 34 (Appendix C-1) provides the distributions of SafeTRAC events for each driver 

under each condition. 

Steering Wheel and Wheel Movements 
Examination of the AP+® variables “steering wheel movements” and “wheel movements” 

suggested that these values were reversed in some Canadian trucks due to sensor reversal at 

installation, which was a function of truck manufacturer type. (“Steering wheel movements” 

were supposed to be relatively lower values compared to “wheel movements,” which were 

relatively larger values.) Initial programming was implemented to fix wheel 

movement/steering wheel movement data problems assuming the problem was truck 

specific. Taking into account information on which truck each driver drove, the values of 

wheel movements and steering wheel movements were switched for Drivers 7, 9, 13, 17, 22, 

22, and 28.   
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We expected that within truck, there would be consistency if the cause was a mechanical 

switching of sensors. This proved to be the case, although there remained a few instances of 

inconsistencies. For example, Drivers 1, 2, and 4 had values in the range expected for 

steering wheel movements in both channels. Driver 11 had values that appeared to flip 

channels going from the NO FEEDBACK and FEEDBACK condition.  That is, Driver 11 

had wheel movement and steering wheel movement data switched only for FEEDBACK 

condition. This was the only driver with a reversal in one condition only. This is impossible 

under the assumption that Driver 11 used the same equipment during both conditions. Thus, 

wheel movement data for Drivers 1, 2, 4, 6, and 11 could not be reconciled with expected 

values and consequently “wheel movement” and “steering wheel movement” data for these 

drivers were set to missing.  

  

Data Quality Table 18 for the Canada Study Phase 1 (Appendix C-1) provides summary 

statistics for AP+® recorded steering wheel movement for each driver under both conditions 

using the cleaned analysis sample. Data Quality Tables 19 and 20 (Appendix C-1) provide 

details of the cleaned analysis sample steering wheel distributions for each driver in the NO 

FEEDBACK and FEEDBACK conditions, respectively. Data Quality Table 21 (Appendix 

C-1) provides summary statistics for AP+® recorded wheel movement for each driver under 

both conditions using the cleaned analysis sample.  Data Quality Tables 22 and 23 

(Appendix C-1) provide details of the cleaned analysis sample wheel distributions for each 

driver in the NO FEEDBACK and FEEDBACK conditions, respectively. (The comparable 

tables numbered for the USA study phase can be found in Appendix C-2.) 
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CoPilot® measures of PERCLOS 
All CoPilot® measures of PERCLOS values recorded when the AP+® daylight sensor 

indicated the presence of daylight (value of 1) were set to missing in the cleaned analysis 

sample, since the infrared-based CoPilot® was considered accurate primarily at night. Data 

Quality Tables 28 and 29 for the Canada Study Phase 1 (Appendix C-1) provide the number 

of records in the no exclusions sample and the cleaned analysis sample, respectively, in 

which the daylight indicator was equal to 0 (no daylight) or 1 (daylight).  In addition, Data 

Quality Table 24 provides a summary of the ambient light values for each driver under both 

conditions.    

 

Data Quality Table 25 for the Canada Study Phase 1 (Appendix C-1) provides summary 

statistics for PERCLOS values recorded during no daylight records in the cleaned analysis 

sample. Data Quality Tables 26 and 27 (Appendix C-1) provide details of the cleaned 

analysis sample PERCLOS distributions for each driver in the NO FEEDBACK and 

FEEDBACK conditions, respectively. (Appendix C-2 has comparable data for the USA 

study phase.) 

Vehicle speed, engine rotation, longitudinal and lateral acceleration 
Data Quality Tables 30 to 33 for the Canada Study Phase 1 (Appendix C-1) provide 

summary statistics for vehicle speed, engine rotation, longitudinal (“X”) and lateral (“Y”) 

acceleration respectively. The ranges of the longitudinal and lateral acceleration are both 

from -1.28g to +1.28g. 
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Driver N % N % N % N % N % N %
1 16063 10.9% 41925 28.4% 89424 60.7% 10480 13.0% 18826 23.4% 51283 63.6%
2 18523 10.4% 29823 16.7% 130500 73.0% 8994 5.3% 27582 16.4% 131890 78.3%
3 . . . . . . 4913 2.8% 28619 16.3% 142204 80.9%
4 3352 1.4% 51251 21.6% 182506 77.0% 4597 2.2% 43276 20.8% 160403 77.0%
5 186 0.2% 13674 17.0% 66564 82.8% 35 0.2% 2860 13.1% 18969 86.8%
6 175 0.2% 16364 20.2% 64301 79.5% 46 0.1% 5639 13.5% 35984 86.4%
7 346 0.3% 17375 13.0% 115930 86.7% 691 0.4% 29555 18.6% 128588 81.0%
8 483 0.3% 23068 16.2% 118854 83.5% 165 0.1% 12149 10.1% 107403 89.7%
9 1104 0.6% 45482 23.6% 146222 75.8% . . . . . .
10 696 0.2% 41023 13.1% 272512 86.7% 692 0.2% 50511 15.5% 274781 84.3%
11 69 0.3% 5676 22.1% 19926 77.6% 738 0.4% 32719 18.6% 142818 81.0%
12 43 0.2% 6304 36.1% 11105 63.6% 131 0.2% 15872 24.2% 49527 75.6%
13 1168 0.8% 44123 28.9% 107503 70.4% 780 0.5% 33376 20.8% 126580 78.8%
15 1136 0.5% 62381 25.7% 178800 73.8% 740 0.3% 44492 18.2% 199487 81.5%
17 902 0.8% 48775 43.4% 62833 55.8% 142 0.4% 8267 26.0% 23433 73.6%
18 1183 0.3% 68560 15.9% 361800 83.8% 372 0.2% 27322 13.6% 173511 86.2%
19 160 0.5% 10764 36.4% 18620 63.0% 151 0.5% 11825 40.5% 17241 59.0%
20 96 0.4% 6097 25.9% 17363 73.7% . . . . . .
21 714 0.3% 46550 21.2% 171890 78.4% 854 0.3% 49925 20.1% 197442 79.5%
22 1086 0.5% 46474 21.8% 166041 77.7% 1258 0.6% 51143 23.6% 164070 75.8%
23 202 0.6% 18158 54.9% 14716 44.5% 278 0.7% 20746 51.4% 19338 47.9%
24 5 3.0% 162 97.0% . . . . 1 100.0% . .
25 788 0.6% 28846 21.9% 102015 77.5% 1044 0.6% 36697 21.0% 136953 78.4%
26 1414 0.5% 67471 21.5% 244947 78.1% 500 0.4% 23922 21.3% 87806 78.2%
27 13 0.8% 1221 72.5% 449 26.7% 1 0.5% 219 99.5% . .
28 . . . . . . 100 0.8% 7015 52.6% 6211 46.6%

Total/Mean 49907 1.4% 741547 29.8% 2664821 71.8% 37702 1.3% 582558 29.1% 2395922 75.9%

No Feedback Feedback

DQ Table 1: No Records Excluded
Speed Categories (mph)

=0.62 0.62-<30  >=30 =0.62 0.62-<30 >=30
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Driver N % N % N % N % N % N %
1 114612 77.8% 19408 13.2% 13379 9.1% 65216 80.9% 9656 12.0% 5700 7.1%
2 139779 78.2% 24653 13.8% 14372 8.0% 105028 62.4% 31999 19.0% 31400 18.6%
3 . . . . . . 135952 77.4% 24917 14.2% 14753 8.4%
4 194605 82.1% 29135 12.3% 13334 5.6% 165059 79.3% 27839 13.4% 15352 7.4%
5 63160 78.6% 11565 14.4% 5641 7.0% 15569 71.2% 3965 18.1% 2330 10.7%
6 69891 86.5% 8090 10.0% 2828 3.5% 34815 83.6% 4881 11.7% 1952 4.7%
7 113777 85.2% 14837 11.1% 4872 3.6% 138023 87.0% 15866 10.0% 4804 3.0%
8 119312 83.8% 16539 11.6% 6536 4.6% 98883 82.6% 15399 12.9% 5435 4.5%
9 153418 79.7% 25764 13.4% 13334 6.9% . . . . . .
10 257477 81.9% 40174 12.8% 16555 5.3% 273484 83.9% 37174 11.4% 15295 4.7%
11 21153 82.5% 2923 11.4% 1577 6.1% 141897 80.6% 23505 13.4% 10631 6.0%
12 13638 78.2% 2332 13.4% 1480 8.5% 48886 74.7% 9328 14.2% 7252 11.1%
13 112602 73.8% 22550 14.8% 17482 11.5% 129876 80.9% 21049 13.1% 9675 6.0%
15 196417 81.1% 30419 12.6% 15453 6.4% 196822 80.4% 31897 13.0% 15953 6.5%
17 94289 83.9% 12269 10.9% 5806 5.2% 25821 81.1% 4279 13.4% 1723 5.4%
18 360905 83.6% 51127 11.8% 19471 4.5% 171392 85.2% 22135 11.0% 7630 3.8%
19 23496 79.5% 3715 12.6% 2331 7.9% 23184 79.4% 3572 12.2% 2453 8.4%
20 16911 71.9% 3648 15.5% 2947 12.5% . . . . . .
21 177701 81.1% 28082 12.8% 13348 6.1% 204169 82.3% 29879 12.0% 14156 5.7%
22 167838 78.7% 29994 14.1% 15493 7.3% 182884 84.6% 23931 11.1% 9317 4.3%
23 27176 82.2% 3892 11.8% 2001 6.1% 32423 80.4% 4895 12.1% 3028 7.5%
24 154 92.8% 8 4.8% 4 2.4% . . . . 1 100.0%
25 114276 86.9% 12784 9.7% 4479 3.4% 148390 85.0% 18581 10.6% 7560 4.3%
26 276103 88.0% 28018 8.9% 9642 3.1% 99979 89.1% 9477 8.4% 2751 2.5%
27 1502 89.3% 95 5.6% 85 5.1% 196 89.5% 17 7.8% 6 2.7%
28 . . . . . . 10611 79.7% 1604 12.0% 1105 8.3%

Total/Mean 2830192 82.0% 422021 11.8% 202450 6.2% 2448559 80.9% 375845 12.5% 190262 10.5%

No Feedback Feedback

DQ Table 2: No Records Excluded
Record Duration Category (seconds)

1 sec 2 sec >=3 sec 1 sec 2 sec >=3 sec
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Driver N % N % N % N % N % N %
1 65873 73.7% 14590 16.3% 8956 10.0% 41373 80.7% 6964 13.6% 2934 5.7%
2 101278 77.6% 19907 15.3% 9282 7.1% 75313 57.1% 28557 21.7% 27991 21.2%
4 143961 78.9% 26784 14.7% 11754 6.4% 121451 75.7% 25425 15.9% 13514 8.4%
5 50467 75.9% 10831 16.3% 5214 7.8% 12964 68.3% 3780 19.9% 2225 11.7%
6 54247 84.4% 7545 11.7% 2483 3.9% 29455 81.9% 4683 13.0% 1825 5.1%
7 96927 83.7% 14313 12.4% 4555 3.9% 109346 85.1% 14904 11.6% 4224 3.3%
8 96995 81.6% 15866 13.4% 5981 5.0% 87149 81.1% 15050 14.0% 5204 4.8%
10 218251 80.1% 38618 14.2% 15620 5.7% 225095 81.9% 35355 12.9% 14309 5.2%
11 15805 79.4% 2680 13.5% 1425 7.2% 110466 77.4% 22343 15.7% 9820 6.9%
12 7911 71.2% 1898 17.1% 1296 11.7% 34411 69.6% 8324 16.8% 6734 13.6%
13 71260 66.4% 20196 18.8% 15938 14.8% 98099 77.6% 19649 15.5% 8728 6.9%
15 136708 76.5% 28078 15.7% 13995 7.8% 154360 77.4% 30203 15.1% 14880 7.5%
17 48179 76.8% 9901 15.8% 4670 7.4% 18149 77.5% 3777 16.1% 1498 6.4%
18 294879 81.5% 48840 13.5% 18049 5.0% 145021 83.6% 21333 12.3% 7121 4.1%
19 13405 72.0% 3219 17.3% 1996 10.7% 12461 72.3% 2868 16.6% 1912 11.1%
21 133335 77.6% 26238 15.3% 12296 7.2% 156042 79.0% 28324 14.3% 13061 6.6%
22 124439 75.0% 27262 16.4% 14117 8.5% 134244 82.0% 21583 13.2% 7975 4.9%
23 10933 74.3% 2556 17.4% 1222 8.3% 14016 72.5% 3268 16.9% 2039 10.6%
25 86323 84.7% 11882 11.7% 3729 3.7% 112675 82.3% 17585 12.9% 6569 4.8%
26 210769 86.1% 26071 10.6% 8043 3.3% 76827 87.5% 8785 10.0% 2176 2.5%

Total/Mean 1981945 77.9% 357275 14.9% 160621 7.3% 1768917 77.5% 322760 14.9% 154739 7.6%

No Feedback Feedback

DQ Table 3: Cleaned Analysis Sample 
Record Duration Category (seconds)

1 sec 2 sec >=3 sec 1 sec 2 sec >=3 sec
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All Records >=30 mph All Records >=30 mph
Driver Sum Sum Sum Sum

1 248.9 36.5 308.0 18.4
2 254.6 48.7 319.9 70.1
3 . . 269.8 55.2
4 247.2 67.0 307.2 62.5
5 274.3 25.2 282.1 8.0
6 325.9 21.6 133.7 12.6
7 299.4 39.3 324.9 42.7
8 172.7 41.7 189.2 37.6
9 260.5 56.9 . .

10 291.3 97.9 289.8 96.6
11 89.6 7.4 340.6 53.1
12 106.6 4.8 243.8 22.0
13 350.5 50.6 302.6 47.1
15 354.8 68.3 307.9 75.2
17 341.3 23.6 314.0 8.6
18 365.7 126.8 304.4 59.1
19 216.1 7.7 207.4 7.2
20 57.2 18.8 . .
21 334.3 64.4 320.4 72.6
22 312.2 64.9 335.2 59.6
23 316.5 5.7 334.4 7.9
24 2.2 . 407.5 .
25 310.3 34.2 338.3 47.6
26 359.0 81.1 118.1 28.3
27 130.9 0.2 0.1 .
28 . . 322.1 2.9

Mean 250.9 43.2 275.9 40.7

Feedback

Data Quality Table 4: No Exclusions and >=30 mph
Sum of Record Durations (hours)

No Feedback
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Driver N 1 sec 2 sec 3 sec 4 sec 5 sec 6-10 sec 11-15 sec 16-20 sec 21-25 sec 26-30 sec >30 sec
1 89393 65873 14590 4809 1971 982 1094 55 17 2 . .
2 130453 101278 19907 5854 1958 778 655 15 4 4 . .
4 182480 143961 26784 7279 2556 1024 854 17 4 1 . .
5 66510 50467 10831 3348 1141 429 291 2 1 . . .
6 64273 54247 7545 1749 518 130 84 . . . . .
7 115791 96927 14313 3177 897 300 177 . . . . .
8 118840 96995 15866 3944 1257 438 337 2 1 . . .
10 272473 218251 38618 10022 3321 1263 976 16 4 2 . .
11 19909 15805 2680 791 341 139 148 5 . . . .
12 11095 7911 1898 636 286 135 200 26 2 1 . .
13 107276 71260 20196 7565 3601 1882 2480 207 61 16 8 .
15 178751 136708 28078 8356 3123 1233 1210 40 3 . . .
17 62743 48179 9901 2921 1028 405 296 11 2 . . .
18 361754 294879 48840 12091 3745 1241 948 10 . . . .
19 18614 13405 3219 1146 398 227 209 5 5 . . .
21 171847 133335 26238 7507 2604 1131 1000 26 5 1 . .
22 165774 124439 27262 8301 3064 1321 1302 55 15 9 6 .
23 14710 10933 2556 752 272 108 87 1 1 . . .
25 101934 86323 11882 2616 727 242 143 1 . . . .
26 244864 210769 26071 5455 1551 559 418 21 15 3 2 .

Total/Mean 2499484 99097 17864 4916 1718 698 645 29 9 4 5

DQ Table 5: Cleaned Analysis Sample
NF Record Duration Distributions (seconds)

No Feedback (Number of records at each duration)
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Driver N 1 sec 2 sec 3 sec 4 sec 5 sec 6-10 sec 11-15 sec 16-20 sec 21-25 sec 26-30 sec >30 sec
1 51266 41373 6964 1856 593 249 221 10 . . . .
2 131697 75313 28557 13061 6618 3506 4347 231 52 12 . .
4 160346 121451 25425 7809 2892 1373 1319 59 17 . 1 .
5 18965 12964 3780 1316 507 208 186 3 1 . . .
6 35963 29455 4683 1232 379 122 90 2 . . . .
7 128474 109346 14904 3055 790 252 127 . . . . .
8 107401 87149 15050 3615 1049 345 192 1 . . . .
10 274740 225095 35355 9141 3040 1193 900 15 1 . . .
11 142616 110466 22343 6195 2081 822 690 18 1 . . .
12 49454 34411 8324 3296 1559 808 1013 26 15 2 . .
13 126468 98099 19649 5434 1931 757 581 15 1 1 . .
15 199417 154360 30203 8853 3350 1389 1231 23 6 2 . .
17 23423 18149 3777 969 333 120 74 1 . . . .
18 173470 145021 21333 4841 1459 504 310 2 . . . .
19 17232 12461 2868 1054 408 202 219 13 5 2 . .
21 197408 156042 28324 8021 2789 1143 1055 30 4 . . .
22 163799 134244 21583 5235 1678 616 436 7 . . . .
23 19322 14016 3268 1162 475 201 200 . . . . .
25 136826 112675 17585 4300 1339 556 367 4 . . . .
26 87787 76827 8785 1588 407 116 64 . . . . .

Total/Mean 2246074 88446 16138 4602 1684 724 681 27 10 4 1

DQ Table 6: Cleaned Analysis Sample
FB Record Duration Distributions (seconds)

Feedback  (Number of records at each duration)
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Driver N % N % N % N % N % N %
1 735 3.2% 21977 94.3% 584 2.5% 1273 11.3% 9745 86.9% 201 1.8%
2 675 2.0% 32124 93.9% 1429 4.2% 364 1.6% 21517 94.0% 1021 4.5%
3 . . . . . . 339 1.3% 23629 93.5% 1305 5.2%
4 320 1.6% 18820 96.1% 451 2.3% 435 2.8% 14464 93.9% 498 3.2%
5 99 1.4% 6781 93.7% 357 4.9% 14 1.0% 1256 89.4% 135 9.6%
6 63 0.7% 8242 91.6% 691 7.7% 17 0.6% 2657 95.7% 101 3.6%
7 3748 26.8% 9665 69.1% 566 4.0% 85 0.6% 12501 94.6% 631 4.8%
8 83 0.8% 9635 96.4% 273 2.7% 35 0.7% 5016 96.8% 131 2.5%
9 17140 54.6% 14018 44.7% 235 0.7% . . . . . .
10 16787 48.0% 17401 49.7% 794 2.3% 224 1.0% 21393 93.5% 1255 5.5%
11 2164 22.0% 7574 77.1% 88 0.9% 262 2.3% 11091 95.3% 280 2.4%
12 96 5.9% 1453 90.0% 66 4.1% 198 4.2% 4338 92.5% 153 3.3%
13 150912 99.8% 325 0.2% 4 0.0% 123 1.0% 11740 96.1% 353 2.9%
15 303 1.6% 18221 96.1% 444 2.3% 239 1.4% 16464 96.1% 438 2.6%
17 228 1.5% 14440 96.0% 373 2.5% 18 0.7% 2643 97.1% 61 2.2%
18 450 1.5% 29464 95.6% 909 2.9% 2981 18.8% 12395 78.3% 456 2.9%
19 22 0.5% 4348 96.9% 118 2.6% 36 0.9% 3778 95.8% 128 3.2%
20 52 1.9% 2530 90.1% 225 8.0% . . . . . .
21 289 1.8% 15353 96.1% 336 2.1% 639 4.0% 15166 94.3% 285 1.8%
22 14413 45.1% 16636 52.0% 914 2.9% 258 0.9% 27344 92.8% 1874 6.4%
23 117 1.7% 6463 96.0% 149 2.2% 121 1.6% 7517 96.5% 155 2.0%
24 2 3.7% 52 96.3% . . . . . . . .
25 88 0.7% 11621 93.4% 729 5.9% 131 0.7% 16959 94.6% 834 4.7%
26 498 1.6% 29372 95.2% 977 3.2% 128 1.3% 9263 94.6% 401 4.1%
27 4 0.8% 470 94.8% 22 4.4% 220 100.0% . . . .
28 . . . . . . 107 3.7% 2686 94.1% 61 2.1%

Total/Mean 209288 13.7% 296985 83.1% 10734 3.3% 8247 7.1% 253562 93.5% 10757 3.7%

No Feedback Feedback

DQ Table 7: No Records Excluded
SafeTRAC Lane Tracking (Offset) Confidence Category

0% >0% to <100% 100% 0% >0% to <100% 100%
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Driver N % N % N % N % N % N %
1 1 0.0% 2965 93.5% 206 6.5% . . 1394 93.1% 104 6.9%
2 19 0.1% 12320 91.3% 1156 8.6% 4 0.0% 8248 90.6% 854 9.4%
4 8 0.3% 2674 93.4% 180 6.3% 1 0.0% 2582 93.6% 176 6.4%
5 . . 1909 88.6% 245 11.4% . . 383 85.5% 65 14.5%
6 . . 3728 86.1% 601 13.9% . . 681 88.9% 85 11.1%
7 3 0.1% 3992 89.4% 470 10.5% . . 3956 89.6% 459 10.4%
8 1 0.0% 2242 94.1% 139 5.8% . . 1507 95.1% 78 4.9%
10 3 0.0% 5585 91.6% 508 8.3% 5 0.1% 6922 91.2% 661 8.7%
11 1928 27.4% 5049 71.9% 49 0.7% 6 0.2% 2382 94.7% 126 5.0%
12 . . 246 94.3% 15 5.7% . . 834 91.5% 77 8.5%
13 . . . . . . . . . . . .
15 4 0.1% 2736 95.4% 128 4.5% 32 0.7% 4670 94.9% 219 4.5%
17 . . 1421 91.4% 134 8.6% 1 0.2% 447 90.9% 44 8.9%
18 15 0.2% 9240 94.0% 572 5.8% 11 0.2% 4498 93.8% 284 5.9%
19 1 0.1% 681 90.4% 71 9.4% . . 681 90.3% 73 9.7%
21 7 0.2% 2758 94.7% 146 5.0% 9 0.3% 3009 95.8% 123 3.9%
22 1 0.0% 5477 89.4% 645 10.5% 4 0.0% 12255 89.7% 1399 10.2%
23 2 0.3% 656 92.5% 51 7.2% 1 0.1% 876 92.4% 71 7.5%
25 3 0.1% 4513 91.7% 406 8.2% 3 0.1% 5461 91.7% 489 8.2%
26 144 1.1% 12235 93.5% 706 5.4% 8 0.2% 3893 92.8% 292 7.0%

Total/Mean 2140 2.0% 80427 90.9% 6428 7.5% 85 0.2% 64679 91.9% 5679 8.0%

No Feedback Feedback

DQ Table 8: Cleaned Analysis Sample
SafeTRAC Lane Tracking (Offset) Confidence Category

0% >0% to <100% 100% 0% >0% to <100% 100%
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Driver N 0% >0-10% >10-20% >20-30% >30-40% >40-50% >50-60% >60-70% >70-80% >80-90% >90-100%
1 89424 1.02% 0.59% 0.26% 0.19% 0.17% 0.14% 0.16% 0.14% 0.17% 0.19% 96.98%
2 130500 2.37% 1.30% 0.49% 0.40% 0.36% 0.34% 0.36% 0.32% 0.28% 0.22% 93.55%
4 182506 1.32% 0.55% 0.21% 0.17% 0.15% 0.16% 0.17% 0.14% 0.14% 0.13% 96.85%
5 66564 0.88% 0.44% 0.17% 0.12% 0.12% 0.09% 0.14% 0.11% 0.11% 0.13% 97.69%
6 64301 0.40% 0.16% 0.07% 0.08% 0.06% 0.06% 0.06% 0.06% 0.07% 0.09% 98.90%
7 115930 3.57% 0.40% 0.18% 0.12% 0.10% 0.10% 0.12% 0.08% 0.10% 0.09% 95.15%
8 118854 1.58% 0.81% 0.26% 0.21% 0.17% 0.18% 0.18% 0.16% 0.17% 0.17% 96.13%
10 272512 5.98% 0.25% 0.14% 0.11% 0.09% 0.10% 0.12% 0.09% 0.09% 0.10% 92.94%
11 19926 11.53% 1.27% 0.65% 0.49% 0.43% 0.35% 4.52% 0.25% 0.37% 0.40% 79.76%
12 11105 0.57% 0.36% 0.26% 0.17% 0.15% 0.23% 0.22% 0.13% 0.15% 0.19% 97.58%
13 . . . . . . . . . . . .
15 178800 0.89% 0.47% 0.26% 0.24% 0.20% 0.22% 0.24% 0.19% 0.16% 0.17% 96.95%
17 62833 0.68% 0.50% 0.17% 0.15% 0.10% 0.10% 0.11% 0.10% 0.08% 0.08% 97.93%
18 361800 2.32% 0.94% 0.33% 0.24% 0.21% 0.19% 0.22% 0.19% 0.17% 0.18% 95.01%
19 18620 0.89% 0.32% 0.14% 0.12% 0.15% 0.08% 0.11% 0.09% 0.06% 0.07% 97.99%
21 171890 0.45% 0.21% 0.12% 0.10% 0.10% 0.08% 0.09% 0.07% 0.05% 0.07% 98.66%
22 166040 5.26% 0.31% 0.14% 0.11% 0.09% 0.08% 0.11% 0.08% 0.09% 0.09% 93.64%
23 14716 1.38% 0.84% 0.47% 0.30% 0.27% 0.16% 0.37% 0.16% 0.20% 0.21% 95.64%
25 102015 1.14% 0.58% 0.31% 0.24% 0.19% 0.15% 0.21% 0.15% 0.12% 0.15% 96.78%
26 244947 4.33% 0.44% 0.28% 0.22% 0.17% 0.16% 0.50% 0.14% 0.12% 0.11% 93.53%

Total/Mean 2393283 2.45% 0.57% 0.26% 0.20% 0.17% 0.16% 0.42% 0.14% 0.14% 0.15% 95.35%

DQ Table 9: Cleaned Analysis Sample
NF SafeTRAC Lane Tracking (Offset) Confidence Category

No Feedback (Percentages in Each Category)
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Driver N 0% >0-10% >10-20% >20-30% >30-40% >40-50% >50-60% >60-70% >70-80% >80-90% >90-100%
1 51283 1.49% 0.72% 0.22% 0.17% 0.13% 0.10% 0.24% 0.08% 0.13% 0.14% 96.58%
2 131890 0.71% 0.47% 0.18% 0.16% 0.14% 0.12% 0.15% 0.12% 0.10% 0.12% 97.73%
4 160402 0.76% 0.39% 0.18% 0.15% 0.12% 0.12% 0.12% 0.11% 0.11% 0.11% 97.83%
5 18969 0.33% 0.17% 0.14% 0.07% 0.08% 0.11% 0.13% 0.18% 0.21% 0.29% 98.29%
6 35984 0.24% 0.10% 0.08% 0.05% 0.03% 0.04% 0.07% 0.03% 0.04% 0.02% 99.30%
7 128588 0.93% 0.44% 0.18% 0.14% 0.17% 0.17% 0.21% 0.18% 0.14% 0.13% 97.32%
8 107403 0.33% 0.16% 0.10% 0.09% 0.06% 0.07% 0.08% 0.05% 0.05% 0.05% 98.97%
10 274781 0.39% 0.27% 0.14% 0.12% 0.10% 0.07% 0.11% 0.08% 0.09% 0.08% 98.55%
11 142818 0.92% 0.32% 0.15% 0.10% 0.10% 0.09% 0.12% 0.10% 0.10% 0.11% 97.87%
12 49527 0.44% 0.20% 0.07% 0.07% 0.05% 0.05% 0.08% 0.07% 0.04% 0.07% 98.87%
13 . . . . . . . . . . . .
15 199487 1.44% 0.57% 0.20% 0.16% 0.14% 0.13% 0.21% 0.11% 0.11% 0.13% 96.81%
17 23433 0.35% 0.13% 0.05% 0.02% 0.03% 0.04% 0.09% 0.04% 0.01% 0.06% 99.20%
18 173511 3.75% 1.62% 0.36% 0.25% 0.24% 0.22% 0.28% 0.19% 0.22% 0.20% 92.67%
19 17241 1.00% 0.42% 0.17% 0.17% 0.13% 0.10% 0.10% 0.08% 0.12% 0.14% 97.57%
21 197442 0.48% 0.36% 0.24% 0.18% 0.18% 0.82% 0.16% 0.12% 0.11% 0.10% 97.25%
22 164069 1.76% 0.93% 0.41% 0.28% 0.27% 0.31% 0.45% 0.28% 0.29% 0.29% 94.73%
23 19338 0.64% 0.64% 0.42% 0.31% 0.26% 0.25% 0.25% 0.23% 0.26% 0.21% 96.52%
25 136953 1.44% 0.59% 0.24% 0.18% 0.16% 0.17% 0.19% 0.21% 0.17% 0.17% 96.47%
26 87806 0.66% 0.49% 0.25% 0.18% 0.17% 0.15% 0.15% 0.13% 0.13% 0.13% 97.56%

Total/Mean 2120925 0.95% 0.47% 0.20% 0.15% 0.14% 0.17% 0.17% 0.12% 0.13% 0.13% 97.37%

DQ Table 10: Cleaned Analysis Sample
FB SafeTRAC Lane Tracking (Offset) Confidence Category

Feedback (Percentages in Each Category)
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 87319 125.6 16.7 126.0 0.0 247.0 49834 126.6 16.1 127.0 1.0 247.0
2 123664 118.5 19.7 119.0 0.0 250.0 129556 120.2 17.4 120.0 0.0 250.0
4 177846 130.5 13.4 131.0 0.0 250.0 157669 128.8 13.2 129.0 0.0 249.0
5 65364 121.8 14.0 122.0 1.0 249.0 18798 123.9 12.8 124.0 2.0 246.0
6 63768 119.2 13.7 120.0 4.0 247.0 35789 121.8 12.5 122.0 7.0 245.0
7 110761 122.3 14.3 123.0 0.0 250.0 126005 122.3 13.6 123.0 1.0 249.0
8 115069 128.9 15.0 129.0 0.0 250.0 106549 129.6 12.9 130.0 1.0 246.0
10 254388 130.4 15.3 131.0 0.0 250.0 271790 129.9 16.2 130.0 0.0 248.0
11 0 . . . . . 0 . . . . .
12 10915 129.1 14.4 129.0 3.0 246.0 49098 126.4 12.7 127.0 2.0 246.0
13 0 . . . . . 0 . . . . .
15 174757 137.0 15.8 138.0 0.0 250.0 194255 138.5 17.8 140.0 0.0 250.0
17 61770 127.3 14.8 127.0 3.0 249.0 23291 127.6 14.4 128.0 0.0 246.0
18 346546 137.9 18.6 139.0 0.0 250.0 162376 137.2 18.5 138.0 0.0 250.0
19 18306 124.4 16.3 125.0 0.0 249.0 16897 123.7 16.5 124.0 2.0 249.0
21 170081 136.0 15.2 137.0 0.0 249.0 193010 136.7 15.6 137.0 0.0 250.0
22 156105 124.4 15.2 125.0 0.0 250.0 157614 120.1 17.7 120.0 0.0 250.0
23 14217 129.3 19.2 130.0 0.0 248.0 18852 130.5 20.7 131.0 0.0 248.0
25 99382 126.5 17.7 127.0 0.0 250.0 133168 127.2 17.5 127.0 0.0 250.0
26 231285 133.3 22.3 135.0 0.0 250.0 86148 133.5 20.8 134.0 0.0 250.0

Mean 127.9 128.5 128.0 128.4

No Feedback Feedback

Data Quality Table 11: Cleaned Analysis Sample 
SafeTRAC Vehicle Offset (unweighted by record duration)
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 87319 1.3 33.5 2.0 -250.0 244.0 49834 3.2 32.3 4.0 -248.0 244.0
2 123664 -13.0 39.4 -12.0 -250.0 250.0 129556 -9.6 34.7 -10.0 -250.0 250.0
4 177846 10.9 26.9 12.0 -250.0 250.0 157669 7.6 26.4 8.0 -250.0 248.0
5 65364 -6.5 28.0 -6.0 -248.0 248.0 18798 -2.2 25.6 -2.0 -246.0 242.0
6 63768 -11.5 27.3 -10.0 -242.0 244.0 35789 -6.4 25.0 -6.0 -236.0 240.0
7 110761 -5.3 28.5 -4.0 -250.0 250.0 126005 -5.3 27.1 -4.0 -248.0 248.0
8 115069 7.8 30.1 8.0 -250.0 250.0 106549 9.2 25.8 10.0 -248.0 242.0

10 254388 10.8 30.6 12.0 -250.0 250.0 271790 9.7 32.3 10.0 -250.0 246.0
11 0 . . . . . 0 . . . . .
12 10915 8.1 28.8 8.0 -244.0 242.0 49098 2.8 25.4 4.0 -246.0 242.0
13 0 . . . . . 0 . . . . .
15 174757 24.0 31.5 26.0 -250.0 250.0 194255 27.0 35.7 30.0 -250.0 250.0
17 61770 4.7 29.7 4.0 -244.0 248.0 23291 5.2 28.9 6.0 -250.0 242.0
18 346546 25.9 37.3 28.0 -250.0 250.0 162376 24.5 37.0 26.0 -250.0 250.0
19 18306 -1.1 32.5 0.0 -250.0 248.0 16897 -2.6 33.0 -2.0 -246.0 248.0
21 170081 21.9 30.4 24.0 -250.0 248.0 193010 23.4 31.3 24.0 -250.0 250.0
22 156105 -1.1 30.5 0.0 -250.0 250.0 157614 -9.8 35.5 -10.0 -250.0 250.0
23 14217 8.6 38.4 10.0 -250.0 246.0 18852 10.9 41.4 12.0 -250.0 246.0
25 99382 2.9 35.4 4.0 -250.0 250.0 133168 4.4 35.0 4.0 -250.0 250.0
26 231285 16.6 44.6 20.0 -250.0 250.0 86148 17.1 41.5 18.0 -250.0 250.0

Mean 5.8 32.4 7.0 6.1 31.9 6.8

No Fe e dba ck Fe e dba ck

Da ta  Qua lity Ta ble  12: Cle a ne d Ana lysis Sa m ple
La te ra l Dista nce  (2*Ve hicle  Offse t-250) (unw e ighte d by re cord dura tion)
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Driver N  Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max

1 8731 - - - - - 2.0 8.0 12. 20. 30. 244.
2 12366 - - - - - - - 2.0 10. 22. 250.
4 17784 - - - 4.0 8.0 12. 16. 22. 26. 34. 250.
5 6536 - - - - - - - 4.0 12. 22. 248.
6 6376 - - - - - - - 0.0 6.0 18. 244.
7 11076 - - - - - - 0.0 6.0 12. 22. 250.
8 11506 - - - - 4.0 8.0 14. 20. 24. 36. 250.
10 25438 - - - 0.0 6.0 12. 18. 24. 32. 42. 250.
11 0 . . . . . . . . . . .
12 1091 - - - 0.0 4.0 8.0 14. 18. 24. 34. 242.
13 0 . . . . . . . . . . .
15 17475 - - 6.0 14. 20. 26. 32. 38. 44. 56. 250.
17 6177 - - - - 0.0 4.0 10. 16. 22. 32. 248.
18 34654 - - 2.0 12. 20. 28. 36. 44. 52. 66. 250.
19 1830 - - - - - 0.0 6.0 12. 20. 30. 248.
21 17008 - - 4.0 12. 18. 24. 28. 34. 40. 50. 248.
22 15610 - - - - - 0.0 4.0 12. 18. 30. 250.
23 1421 - - - - 4.0 10. 18. 26. 34. 48. 246.
25 9938 - - - - - 4.0 10. 18. 26. 38. 250.
26 23128 - - - 2.0 12. 20. 28. 36. 48. 62. 250.

Total/Mean 228154 - - - - 1.3 7.0 12. 19. 26. 37. 248.

Data Quality Table 13: Clean Analysis 
No Feedback Percentiles of Lateral Distance (2*Vehicle 

No Feedback 
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max
1 49834 -248.0 -24.0 -14.0 -6.0 -2.0 4.0 8.0 14.0 22.0 32.0 244.0
2 129556 -250.0 -42.0 -30.0 -22.0 -16.0 -10.0 -4.0 2.0 10.0 22.0 250.0
4 157669 -250.0 -16.0 -6.0 0.0 4.0 8.0 14.0 18.0 22.0 30.0 248.0
5 18798 -246.0 -30.0 -20.0 -12.0 -8.0 -2.0 4.0 8.0 16.0 26.0 242.0
6 35789 -236.0 -30.0 -22.0 -16.0 -10.0 -6.0 -2.0 4.0 8.0 18.0 240.0
7 126005 -248.0 -32.0 -22.0 -16.0 -10.0 -4.0 0.0 6.0 12.0 20.0 248.0
8 106549 -248.0 -16.0 -6.0 0.0 4.0 10.0 14.0 20.0 26.0 36.0 242.0
10 271790 -250.0 -24.0 -12.0 -2.0 4.0 10.0 18.0 24.0 32.0 44.0 246.0
11 0 . . . . . . . . . . .
12 49098 -246.0 -20.0 -12.0 -6.0 0.0 4.0 8.0 12.0 18.0 26.0 242.0
13 0 . . . . . . . . . . .
15 194255 -250.0 -8.0 6.0 16.0 22.0 30.0 36.0 42.0 50.0 62.0 250.0
17 23291 -250.0 -22.0 -12.0 -6.0 0.0 6.0 10.0 16.0 22.0 32.0 242.0
18 162376 -250.0 -14.0 2.0 12.0 20.0 26.0 34.0 42.0 50.0 62.0 250.0
19 16897 -246.0 -36.0 -24.0 -16.0 -8.0 -2.0 4.0 10.0 18.0 30.0 248.0
21 193010 -250.0 -6.0 6.0 12.0 20.0 24.0 30.0 36.0 44.0 54.0 250.0
22 157614 -250.0 -46.0 -32.0 -24.0 -16.0 -10.0 -2.0 4.0 14.0 24.0 250.0
23 18852 -250.0 -32.0 -14.0 -4.0 4.0 12.0 20.0 28.0 40.0 54.0 246.0
25 133168 -250.0 -32.0 -18.0 -10.0 -2.0 4.0 12.0 20.0 28.0 42.0 250.0
26 86148 -250.0 -28.0 -10.0 2.0 10.0 18.0 26.0 36.0 46.0 62.0 250.0

Total/Mean 1930699 -248.2 -25.4 -13.3 -5.4 0.9 6.8 12.8 19.0 26.6 37.6 246.6

Data Quality Table 14: Clean Analysis Sample
FB Percentiles of Lateral Distance (2*Vehicle Offset-250)

Feedback
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 89424 85.4 6.3 86.0 40.0 100.0 51283 85.0 6.9 85.0 44.0 100.0
2 130500 76.9 10.2 78.0 30.0 100.0 131890 77.7 9.4 79.0 22.0 100.0
4 182506 93.3 3.7 94.0 37.0 100.0 160402 93.3 3.9 94.0 48.0 100.0
5 66564 82.4 6.7 84.0 45.0 100.0 18969 80.0 6.4 80.0 52.0 100.0
6 64301 88.5 4.8 89.0 66.0 100.0 35984 88.3 3.8 89.0 67.0 100.0
7 115930 82.9 14.1 85.0 0.0 100.0 128588 85.2 5.2 86.0 53.0 100.0
8 118854 85.0 6.3 85.0 38.0 100.0 107403 85.5 5.6 86.0 39.0 100.0

10 272512 75.8 19.4 80.0 0.0 100.0 274781 75.6 7.7 76.0 17.0 100.0
11 0 . . . . . 0 . . . . .
12 11105 91.0 5.6 92.0 54.0 100.0 49527 90.5 3.9 91.0 58.0 100.0
13 0 . . . . . 0 . . . . .
15 178800 90.1 4.6 91.0 46.0 100.0 199487 86.8 9.7 88.0 0.0 100.0
17 62833 86.2 6.4 86.0 35.0 100.0 23433 85.1 3.8 85.0 70.0 100.0
18 361800 78.5 9.4 79.0 27.0 100.0 173511 76.3 13.3 78.0 0.0 100.0
19 18620 81.7 7.4 82.0 60.0 100.0 17241 78.0 7.1 78.0 56.0 100.0
21 171890 91.4 3.9 92.0 58.0 100.0 197442 90.5 5.1 91.0 0.0 100.0
22 166040 78.0 18.7 82.0 0.0 100.0 164069 79.8 9.4 79.0 0.0 100.0
23 14716 75.0 11.6 75.0 41.0 100.0 19338 70.1 10.7 69.0 24.0 100.0
25 102015 73.6 9.5 74.0 37.0 100.0 136953 75.1 9.3 75.0 30.0 100.0
26 244947 70.8 16.8 74.0 0.0 100.0 87806 69.7 18.1 74.0 0.0 100.0

Mean 82.6 83.8 81.8 82.4

No Feedback Feedback

Data  Qua lity Table  15: Cleaned Ana lysis Sample
 SafeTRAC Driver Alertness Sum mary (unw eighted by record dura tion)
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Driver N M in 10.0% 20% 30% 40% 50% 60% 70% 80% 90% M ax
1 89424 40.0 77.0 81.0 83.0 85.0 86.0 87.0 88.0 89.0 92.0 100.0
2 130500 30.0 64.0 71.0 74.0 76.0 78.0 80.0 82.0 84.0 87.0 100.0
4 182506 37.0 89.0 91.0 92.0 93.0 94.0 95.0 95.0 96.0 97.0 100.0
5 66564 45.0 73.0 77.0 80.0 82.0 84.0 85.0 86.0 87.0 89.0 100.0
6 64301 66.0 83.0 85.0 87.0 88.0 89.0 89.0 91.0 92.0 94.0 100.0
7 115930 0.0 75.0 81.0 82.0 84.0 85.0 86.0 87.0 90.0 92.0 100.0
8 118854 38.0 77.0 80.0 82.0 84.0 85.0 87.0 89.0 90.0 92.0 100.0
10 272512 0.0 70.0 75.0 77.0 79.0 80.0 82.0 83.0 85.0 87.0 100.0
11 0 . . . . . . . . . . .
12 11105 54.0 85.0 88.0 89.0 90.0 92.0 93.0 94.0 96.0 96.0 100.0
13 0 . . . . . . . . . . .
15 178800 46.0 85.0 87.0 89.0 90.0 91.0 92.0 92.0 93.0 95.0 100.0
17 62833 35.0 79.0 82.0 84.0 85.0 86.0 87.0 89.0 91.0 93.0 100.0
18 361800 27.0 67.0 73.0 75.0 78.0 79.0 81.0 83.0 85.0 88.0 100.0
19 18620 60.0 72.0 76.0 79.0 81.0 82.0 83.0 85.0 87.0 89.0 100.0
21 171890 58.0 87.0 89.0 90.0 91.0 92.0 92.0 93.0 94.0 95.0 100.0
22 166040 0.0 70.0 74.0 77.0 80.0 82.0 84.0 86.0 88.0 90.0 100.0
23 14716 41.0 61.0 67.0 71.0 73.0 75.0 78.0 81.0 82.0 85.0 100.0
25 102015 37.0 62.0 67.0 70.0 72.0 74.0 76.0 78.0 80.0 83.0 100.0
26 244947 0.0 48.0 57.0 63.0 69.0 74.0 77.0 80.0 83.0 88.0 100.0

Total/Mean 2373357 34.1 73.6 77.8 80.2 82.2 83.8 85.2 86.8 88.4 90.7 100.0

Data Quality Table 16: Cleaned Analysis Sample
 NF SafeTRAC Driver Alertness Distribution (unweighted by record duration)

No Feedback
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Driver N M in 10.0% 20% 30% 40% 50% 60% 70% 80% 90% M ax
1 51283 44.0 77.0 81.0 82.0 84.0 85.0 86.0 88.0 90.0 92.0 100.0
2 131890 22.0 67.0 72.0 75.0 77.0 79.0 81.0 82.0 84.0 87.0 100.0
4 160402 48.0 89.0 91.0 92.0 93.0 94.0 95.0 95.0 96.0 97.0 100.0
5 18969 52.0 73.0 76.0 78.0 79.0 80.0 82.0 82.0 84.0 87.0 100.0
6 35984 67.0 84.0 86.0 87.0 88.0 89.0 89.0 90.0 91.0 92.0 100.0
7 128588 53.0 78.0 81.0 83.0 85.0 86.0 87.0 88.0 89.0 90.0 100.0
8 107403 39.0 79.0 82.0 83.0 85.0 86.0 87.0 88.0 90.0 91.0 100.0
10 274781 17.0 66.0 70.0 72.0 74.0 76.0 78.0 79.0 81.0 84.0 100.0
11 0 . . . . . . . . . . .
12 49527 58.0 86.0 88.0 89.0 90.0 91.0 92.0 93.0 94.0 95.0 100.0
13 0 . . . . . . . . . . .
15 199487 0.0 80.0 84.0 85.0 87.0 88.0 90.0 91.0 92.0 94.0 100.0
17 23433 70.0 80.0 82.0 83.0 84.0 85.0 86.0 87.0 88.0 89.0 100.0
18 173511 0.0 63.0 70.0 73.0 76.0 78.0 80.0 82.0 85.0 88.0 100.0
19 17241 56.0 69.0 73.0 75.0 77.0 78.0 80.0 81.0 82.0 84.0 100.0
21 197442 0.0 84.0 87.0 89.0 90.0 91.0 92.0 93.0 94.0 96.0 100.0
22 164069 0.0 68.0 72.0 75.0 77.0 79.0 81.0 84.0 87.0 92.0 100.0
23 19338 24.0 58.0 63.0 65.0 67.0 69.0 71.0 73.0 76.0 81.0 100.0
25 136953 30.0 64.0 68.0 71.0 73.0 75.0 77.0 79.0 81.0 85.0 100.0
26 87806 0.0 46.0 57.0 65.0 69.0 74.0 77.0 80.0 83.0 88.0 100.0

Total/Mean 1978107 32.2 72.8 76.8 79.0 80.8 82.4 83.9 85.3 87.1 89.6 100.0

Data  Quality Table  17: Cleaned Analysis Sample
 FB SafeTRAC Driver Alertness Distribution (unw eighted by record duration)

Feedback
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 89424 7.5 1.5 7.0 5.0 16.0 51283 6.2 1.3 6.0 4.0 14.0
2 130500 15.2 16.2 12.0 0.0 90.0 131890 3.0 2.0 3.0 0.0 28.0
4 182506 13.8 3.9 13.0 9.0 39.0 160402 10.5 1.7 10.0 8.0 25.0
5 66564 2.0 2.6 1.0 0.0 28.0 18969 5.3 6.3 2.0 0.0 30.0
6 64301 8.7 1.5 9.0 5.0 15.0 35984 7.9 0.8 8.0 5.0 11.0
7 115930 13.8 2.3 13.0 10.0 68.0 128588 11.9 1.5 12.0 9.0 22.0
8 118854 15.3 2.1 15.0 12.0 36.0 107403 15.0 2.1 14.0 12.0 44.0
10 272512 14.3 2.1 14.0 11.0 31.0 274781 13.8 2.1 13.0 11.0 30.0
11 19926 6.1 0.9 6.0 5.0 11.0 142818 11.2 1.3 11.0 8.0 24.0
12 11105 6.1 4.5 4.0 2.0 17.0 49527 16.9 8.4 18.0 1.0 45.0
13 107490 11.0 1.4 11.0 8.0 27.0 126580 10.6 1.4 10.0 8.0 22.0
15 178800 13.1 1.8 13.0 10.0 28.0 199487 12.9 1.9 12.0 10.0 27.0
17 62833 11.2 1.7 11.0 8.0 28.0 23433 10.6 1.6 10.0 8.0 19.0
18 361800 13.1 1.8 13.0 10.0 30.0 173511 13.5 1.9 13.0 10.0 27.0
19 18620 22.3 10.5 21.0 0.0 66.0 17241 6.4 1.7 6.0 2.0 20.0
21 171890 13.2 1.6 13.0 10.0 25.0 197442 13.5 1.9 13.0 10.0 31.0
22 166040 9.3 1.4 9.0 7.0 24.0 164069 11.2 2.3 11.0 7.0 37.0
23 0 . . . . . 0 . . . . .
25 102015 10.4 1.7 10.0 7.0 28.0 136953 9.6 1.8 9.0 6.0 30.0
26 244947 14.1 1.7 14.0 10.0 27.0 87806 14.0 1.8 14.0 10.0 25.0

11.6 11.0 6.8 33.4 10.7 10.3 6.8 26.9

No Feedback Feedback

Data Quality Table 18: Cleaned Analysis Sample
Steering Wheel Movements Summary (unweighted by record duration)
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Drive r N M in 10.0% 20% 30% 40% 50% 60% 70% 80% 90% M ax
1 89424 5 .0 6 .0 6 .0 7 .0 7 .0 7 .0 8 .0 8 .0 9 .0 9 .0 16 .0
2 130500 0 .0 0 .0 1 .0 1 .0 1 .0 12 .0 21 .0 25 .0 27 .0 38 .0 90 .0
4 182506 9 .0 10 .0 11 .0 12 .0 12 .0 13 .0 13 .0 14 .0 16 .0 19 .0 39 .0
5 66564 0 .0 0 .0 0 .0 1 .0 1 .0 1 .0 2 .0 2 .0 3 .0 5 .0 28 .0
6 64301 5 .0 7 .0 7 .0 8 .0 8 .0 9 .0 9 .0 9 .0 10 .0 11 .0 15 .0
7 115930 10 .0 11 .0 12 .0 12 .0 13 .0 13 .0 14 .0 15 .0 16 .0 17 .0 68 .0
8 118854 12 .0 13 .0 14 .0 14 .0 14 .0 15 .0 15 .0 16 .0 16 .0 18 .0 36 .0
10 272512 11 .0 12 .0 13 .0 13 .0 13 .0 14 .0 14 .0 15 .0 16 .0 17 .0 31 .0
11 19926 5 .0 5 .0 5 .0 6 .0 6 .0 6 .0 6 .0 6 .0 7 .0 7 .0 11 .0
12 11105 2 .0 3 .0 3 .0 3 .0 4 .0 4 .0 5 .0 6 .0 7 .0 16 .0 17 .0
13 107490 8 .0 9 .0 10 .0 10 .0 10 .0 11 .0 11 .0 12 .0 12 .0 13 .0 27 .0
15 178800 10 .0 11 .0 12 .0 12 .0 12 .0 13 .0 13 .0 14 .0 14 .0 15 .0 28 .0
17 62833 8 .0 9 .0 10 .0 10 .0 10 .0 11 .0 11 .0 12 .0 13 .0 14 .0 28 .0
18 361800 10 .0 11 .0 12 .0 12 .0 12 .0 13 .0 13 .0 14 .0 14 .0 15 .0 30 .0
19 18620 0 .0 10 .0 13 .0 15 .0 20 .0 21 .0 22 .0 23 .0 32 .0 39 .0 66 .0
21 171890 10 .0 11 .0 12 .0 12 .0 13 .0 13 .0 13 .0 14 .0 14 .0 15 .0 25 .0
22 166040 7 .0 8 .0 8 .0 8 .0 9 .0 9 .0 9 .0 10 .0 10 .0 11 .0 24 .0
23 0 . . . . . . . . . . .
25 102015 7 .0 9 .0 9 .0 9 .0 10 .0 10 .0 10 .0 11 .0 12 .0 13 .0 28 .0
26 244947 10 .0 12 .0 13 .0 13 .0 14 .0 14 .0 14 .0 15 .0 15 .0 16 .0 27 .0

Total/M ean 2486057 6 .8 8 .3 9 .0 9 .4 9 .9 11 .0 11 .7 12 .7 13 .8 16 .2 33 .4

Da ta  Qua lity Ta ble  19: Cle a ne d Ana lysis S a m ple
NF S te e ring W he e l M ove m e nts Distribution

No Fe e dba ck
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max
1 51283 4.0 5.0 5.0 5.0 6.0 6.0 6.0 7.0 7.0 8.0 14.0
2 131890 0.0 0.0 1.0 2.0 2.0 3.0 3.0 4.0 4.0 6.0 28.0
4 160402 8.0 9.0 9.0 10.0 10.0 10.0 10.0 11.0 11.0 12.0 25.0
5 18969 0.0 0.0 0.0 0.0 1.0 2.0 3.0 11.0 11.0 15.0 30.0
6 35984 5.0 7.0 7.0 8.0 8.0 8.0 8.0 8.0 9.0 9.0 11.0
7 128588 9.0 10.0 11.0 11.0 11.0 12.0 12.0 12.0 13.0 14.0 22.0
8 107403 12.0 13.0 14.0 14.0 14.0 14.0 15.0 15.0 16.0 18.0 44.0
10 274781 11.0 12.0 12.0 12.0 13.0 13.0 14.0 14.0 15.0 17.0 30.0
11 142818 8.0 10.0 10.0 10.0 11.0 11.0 11.0 12.0 12.0 13.0 24.0
12 49527 1.0 5.0 9.0 12.0 14.0 18.0 20.0 21.0 22.0 26.0 45.0
13 126580 8.0 9.0 9.0 10.0 10.0 10.0 11.0 11.0 12.0 13.0 22.0
15 199487 10.0 11.0 12.0 12.0 12.0 12.0 13.0 13.0 14.0 15.0 27.0
17 23433 8.0 9.0 9.0 10.0 10.0 10.0 11.0 11.0 12.0 13.0 19.0
18 173511 10.0 11.0 12.0 12.0 13.0 13.0 14.0 14.0 15.0 16.0 27.0
19 17241 2.0 5.0 5.0 6.0 6.0 6.0 6.0 7.0 7.0 9.0 20.0
21 197442 10.0 11.0 12.0 12.0 13.0 13.0 14.0 14.0 15.0 16.0 31.0
22 164069 7.0 9.0 10.0 10.0 10.0 11.0 11.0 12.0 12.0 14.0 37.0
23 0 . . . . . . . . . . .
25 136953 6.0 8.0 8.0 8.0 9.0 9.0 9.0 10.0 11.0 12.0 30.0
26 87806 10.0 12.0 12.0 13.0 13.0 14.0 14.0 15.0 15.0 16.0 25.0

Total/Mean 2228167 6.8 8.2 8.8 9.3 9.8 10.3 10.8 11.7 12.3 13.8 26.9

Data Quality Table 20: Cleaned Analysis Sample
FB Steering Wheel Movements Distribution

Feedback

Canada Study Phase 1 Data Quality Control 



 
 

               175

Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 0 . . . . . 0 . . . . .
2 0 . . . . . 0 . . . . .
4 0 . . . . . 0 . . . . .
5 66564 179.7 3.0 180.0 163.0 188.0 18969 182.3 2.1 183.0 171.0 188.0
6 0 . . . . . 0 . . . . .
7 0 . . . . . 0 . . . . .
8 118854 171.8 6.8 173.0 129.0 184.0 107403 181.5 3.2 182.0 145.0 187.0
10 272512 186.1 2.8 187.0 149.0 193.0 274781 186.2 2.5 186.0 158.0 194.0
11 0 . . . . . 0 . . . . .
12 11105 182.2 3.4 182.0 167.0 190.0 49527 184.9 2.4 185.0 164.0 192.0
13 107490 167.1 4.3 168.0 64.0 178.0 126580 172.2 4.1 173.0 75.0 183.0
15 178800 188.7 2.1 189.0 168.0 195.0 199487 189.4 2.2 190.0 167.0 195.0
17 62833 173.8 3.3 174.0 91.0 183.0 23433 174.7 3.3 176.0 137.0 182.0
18 361800 189.9 2.3 190.0 164.0 196.0 173511 190.2 2.6 191.0 165.0 196.0
19 18620 186.7 2.9 187.0 160.0 192.0 17241 183.7 4.0 184.0 154.0 191.0
21 171890 190.2 2.2 191.0 168.0 196.0 197442 190.4 2.3 191.0 171.0 197.0
22 166040 175.5 3.3 176.0 84.0 184.0 164069 175.9 4.4 176.0 87.0 187.0
23 14716 183.7 2.7 184.0 169.0 191.0 19338 187.5 2.8 188.0 160.0 193.0
25 102015 175.0 4.5 176.0 78.0 186.0 136953 177.3 4.5 178.0 82.0 187.0
26 244947 191.6 2.1 192.0 166.0 197.0 87806 191.3 2.3 192.0 170.0 197.0

181.6 182.1 137.1 189.5 183.4 183.9 143.3 190.6

No Feedback Feedback

Data Quality Table 21: Cleaned Analysis Sample
Wheel Movements Summary (unweighted by record duration)
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Driver N M in 10.0% 20% 30% 40% 50% 60% 70% 80% 90% M ax
1 0 . . . . . . . . . . .
2 0 . . . . . . . . . . .
4 0 . . . . . . . . . . .
5 66564 163.0 176.0 178.0 179.0 180.0 180.0 181.0 182.0 182.0 183.0 188.0
6 0 . . . . . . . . . . .
7 0 . . . . . . . . . . .
8 118854 129.0 162.0 166.0 168.0 171.0 173.0 175.0 176.0 178.0 179.0 184.0
10 272512 149.0 183.0 185.0 185.0 186.0 187.0 187.0 187.0 188.0 189.0 193.0
11 0 . . . . . . . . . . .
12 11105 167.0 178.0 179.0 180.0 181.0 182.0 183.0 184.0 186.0 187.0 190.0
13 107490 64.0 161.0 164.0 166.0 167.0 168.0 169.0 170.0 170.0 172.0 178.0
15 178800 168.0 187.0 187.0 188.0 189.0 189.0 189.0 190.0 190.0 191.0 195.0
17 62833 91.0 170.0 172.0 173.0 174.0 174.0 175.0 176.0 176.0 177.0 183.0
18 361800 164.0 187.0 189.0 189.0 190.0 190.0 191.0 191.0 192.0 192.0 196.0
19 18620 160.0 183.0 185.0 186.0 187.0 187.0 188.0 188.0 189.0 190.0 192.0
21 171890 168.0 188.0 189.0 190.0 190.0 191.0 191.0 191.0 192.0 192.0 196.0
22 166040 84.0 172.0 173.0 174.0 175.0 176.0 177.0 177.0 178.0 179.0 184.0
23 14716 169.0 180.0 182.0 183.0 183.0 184.0 185.0 185.0 186.0 187.0 191.0
25 102015 78.0 170.0 172.0 174.0 175.0 176.0 177.0 177.0 178.0 180.0 186.0
26 244947 166.0 189.0 190.0 191.0 191.0 192.0 192.0 193.0 193.0 194.0 197.0

Total/Mean 1898186 137.1 177.6 179.4 180.4 181.4 182.1 182.9 183.4 184.1 185.1 189.5

Data Quality Table 22: Cleaned Analysis Sample
NF W heel Movements Distribution

No Feedback
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max

1 0 . . . . . . . . . . .
2 0 . . . . . . . . . . .
4 0 . . . . . . . . . . .
5 18969 171.0 180.0 181.0 181.0 182.0 183.0 183.0 183.0 184.0 185.0 188.0
6 0 . . . . . . . . . . .
7 0 . . . . . . . . . . .
8 107403 145.0 178.0 180.0 181.0 182.0 182.0 183.0 183.0 184.0 185.0 187.0
10 274781 158.0 184.0 185.0 185.0 186.0 186.0 187.0 187.0 188.0 189.0 194.0
11 0 . . . . . . . . . . .
12 49527 164.0 182.0 183.0 184.0 184.0 185.0 185.0 186.0 187.0 188.0 192.0
13 126580 75.0 167.0 169.0 171.0 172.0 173.0 174.0 175.0 176.0 177.0 183.0
15 199487 167.0 187.0 188.0 189.0 189.0 190.0 190.0 191.0 191.0 192.0 195.0
17 23433 137.0 170.0 172.0 173.0 175.0 176.0 176.0 177.0 177.0 178.0 182.0
18 173511 165.0 187.0 189.0 189.0 190.0 191.0 191.0 192.0 192.0 193.0 196.0
19 17241 154.0 178.0 180.0 182.0 183.0 184.0 185.0 186.0 187.0 188.0 191.0
21 197442 171.0 188.0 189.0 190.0 190.0 191.0 191.0 192.0 192.0 193.0 197.0
22 164069 87.0 171.0 173.0 174.0 175.0 176.0 177.0 178.0 179.0 181.0 187.0
23 19338 160.0 184.0 185.0 187.0 187.0 188.0 189.0 189.0 190.0 190.0 193.0
25 136953 82.0 172.0 174.0 176.0 177.0 178.0 179.0 180.0 181.0 182.0 187.0
26 87806 170.0 188.0 190.0 190.0 191.0 192.0 192.0 193.0 193.0 194.0 197.0

Total/Mean 1596540 143.3 179.7 181.3 182.3 183.1 183.9 184.4 185.1 185.8 186.8 190.6

Data Quality Table 23: Cleaned Analysis Sample
FB Wheel Movements Distribution

Feedback
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 89424 98.1 65.6 138.0 0.0 163.0 51283 129.2 41.6 142.0 0.0 174.0
2 130500 94.3 76.5 151.0 0.0 177.0 131890 106.0 74.5 157.0 0.0 179.0
4 182506 124.5 49.2 143.0 0.0 168.0 160402 130.1 41.0 142.0 0.0 176.0
5 66564 109.3 73.3 156.0 0.0 174.0 18969 134.8 56.2 159.0 0.0 170.0
6 64301 66.9 68.6 0.0 0.0 165.0 35984 89.4 70.6 138.0 0.0 159.0
7 115930 84.9 70.9 138.0 0.0 171.0 128588 94.0 66.3 141.0 0.0 170.0
8 118854 112.4 61.6 146.0 0.0 167.0 107403 125.0 52.6 147.0 0.0 164.0
10 272512 110.2 62.0 143.0 0.0 165.0 274781 114.2 57.9 141.0 0.0 173.0
11 19926 0.0 0.1 0.0 0.0 2.0 142818 123.0 54.9 149.0 0.0 170.0
12 11105 140.0 37.0 150.0 0.0 168.0 49527 152.6 5.6 153.0 128.0 216.0
13 0 . . . . . 0 . . . . .
15 178800 123.4 53.9 146.0 0.0 211.0 199487 124.1 53.2 146.0 0.0 173.0
17 62833 125.0 48.6 143.0 0.0 170.0 23433 141.9 6.8 143.0 128.0 168.0
18 361800 105.0 61.1 134.0 0.0 169.0 173511 119.7 52.1 138.0 0.0 182.0
19 18620 91.3 76.0 151.0 0.0 171.0 17241 119.9 62.2 151.0 0.0 221.0
21 171890 101.3 62.3 135.0 0.0 165.0 197442 87.6 68.7 132.0 0.0 222.0
22 166040 121.5 55.7 147.0 0.0 197.0 164069 116.7 60.1 148.0 0.0 182.0
23 14716 127.3 58.6 154.0 0.0 171.0 19338 106.4 70.5 152.0 0.0 177.0
25 102015 112.8 61.0 146.0 0.0 168.0 136953 102.1 66.7 145.0 0.0 175.0
26 244947 86.8 68.6 129.0 0.0 166.0 87806 84.6 70.4 132.0 0.0 167.0

Mean 101.8 128.9 115.9 145.1

No Feedback Feedback

Data Quality Table 24: Clean Analysis Sample
Ambient Light (unweighted by record duration)
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 0 . . . . . 0 . . . . .
2 26268 1.2 2.3 0.0 0.0 37.0 45195 2.5 6.3 2.0 0.0 100.0
4 10862 6.2 5.4 5.0 0.0 36.0 14282 9.0 7.0 8.0 0.0 42.0
5 20826 5.4 5.9 4.0 0.0 49.0 2768 6.6 4.8 5.0 0.0 28.0
6 32851 0.5 1.6 0.0 0.0 27.0 13717 0.4 1.2 0.0 0.0 11.0
7 48603 7.5 7.5 6.0 0.0 74.0 50562 8.7 12.6 5.0 0.0 93.0
8 28990 5.4 7.2 3.0 0.0 60.0 16245 4.5 8.6 2.0 0.0 87.0
10 50939 8.9 6.3 8.0 0.0 52.0 57148 9.2 11.2 6.0 0.0 87.0
11 19926 3.8 5.1 2.0 0.0 44.0 28241 1.7 2.9 0.0 0.0 31.0
12 708 2.3 2.8 2.0 0.0 11.0 0 . . . . .
13 0 . . . . . 0 . . . . .
15 29008 4.4 4.3 4.0 0.0 42.0 31712 3.9 3.5 3.0 0.0 38.0
17 8654 5.5 3.9 5.0 0.0 21.0 0 . . . . .
18 92462 6.2 5.2 5.0 0.0 59.0 25296 6.4 4.7 6.0 0.0 50.0
19 7683 12.0 13.2 7.0 0.0 79.0 3831 3.2 7.2 0.0 0.0 42.0
21 49521 5.0 5.0 4.0 0.0 49.0 79370 5.7 6.7 4.0 0.0 69.0
22 23816 8.5 14.3 2.0 0.0 79.0 40350 1.7 5.5 0.0 0.0 63.0
23 2754 7.5 10.3 2.0 0.0 49.0 6198 6.7 13.1 0.0 0.0 74.0
25 25283 9.0 9.4 7.0 0.0 73.0 46252 5.8 7.4 4.0 0.0 65.0
26 95283 14.8 30.2 3.0 0.0 100.0 36427 4.3 5.5 3.0 0.0 54.0

Mean 6.3 3.8 5.0 3.0

No Feedback Feedback

Data  Quality Table  25: Cleaned Analysis Sample
PERCLOS Camera  Summary (w here  daylight=0) (unw eighted by record duration)
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max
1 0 . . . . . . . . . . .
2 26268 0.0 0.0 0.0 0.0 0.0 0.0 2.0 2.0 2.0 3.0 37.0
4 10862 0.0 0.0 2.0 3.0 4.0 5.0 6.0 8.0 10.0 14.0 36.0
5 20826 0.0 0.0 0.0 2.0 3.0 4.0 5.0 7.0 9.0 13.0 49.0
6 32851 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 27.0
7 48603 0.0 2.0 2.0 4.0 5.0 6.0 7.0 9.0 11.0 15.0 74.0
8 28990 0.0 0.0 0.0 2.0 2.0 3.0 4.0 6.0 9.0 14.0 60.0
10 50939 0.0 2.0 4.0 5.0 6.0 8.0 9.0 11.0 13.0 17.0 52.0
11 19926 0.0 0.0 0.0 0.0 2.0 2.0 3.0 4.0 6.0 9.0 44.0
12 708 0.0 0.0 0.0 0.0 1.0 2.0 2.0 3.0 3.0 7.0 11.0
13 0 . . . . . . . . . . .
15 29008 0.0 0.0 2.0 2.0 3.0 4.0 4.0 5.0 7.0 9.0 42.0
17 8654 0.0 0.0 2.0 4.0 4.0 5.0 6.0 7.0 8.0 11.0 21.0
18 92462 0.0 0.0 2.0 3.0 4.0 5.0 6.0 8.0 10.0 12.0 59.0
19 7683 0.0 0.0 2.0 3.0 5.0 7.0 11.0 16.0 21.0 29.0 79.0
21 49521 0.0 0.0 2.0 2.0 3.0 4.0 5.0 6.0 8.0 11.0 49.0
22 23816 0.0 0.0 0.0 0.0 0.0 2.0 3.0 8.0 15.0 28.0 79.0
23 2754 0.0 0.0 0.0 0.0 0.0 2.0 5.0 10.0 15.0 25.0 49.0
25 25283 0.0 0.0 0.0 3.0 5.0 7.0 9.0 11.0 15.0 21.0 73.0
26 95283 0.0 0.0 0.0 2.0 2.0 3.0 5.0 7.0 11.0 100.0 100.0

Total/Mean 574437 0.0 0.2 1.0 1.9 2.7 3.8 5.1 7.1 9.6 18.9 52.3

Data Quality Table 26: Cleaned Analysis Sample
NF PERCLOS Camera (where daylight=0) Distribution (unweighted by duration)

No Feedback
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max
1 0 . . . . . . . . . . .
2 45195 0.0 0.0 0.0 0.0 2.0 2.0 2.0 3.0 4.0 5.0 100.0
4 14282 0.0 2.0 3.0 5.0 6.0 8.0 9.0 11.0 14.0 18.0 42.0
5 2768 0.0 2.0 3.0 3.0 4.0 5.0 7.0 8.0 10.0 14.0 28.0
6 13717 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 11.0
7 50562 0.0 0.0 2.0 3.0 4.0 5.0 6.0 8.0 11.0 17.0 93.0
8 16245 0.0 0.0 0.0 2.0 2.0 2.0 3.0 4.0 6.0 11.0 87.0
10 57148 0.0 0.0 2.0 3.0 5.0 6.0 8.0 10.0 14.0 20.0 87.0
11 28241 0.0 0.0 0.0 0.0 0.0 0.0 2.0 2.0 3.0 4.0 31.0
12 0 . . . . . . . . . . .
13 0 . . . . . . . . . . .
15 31712 0.0 0.0 2.0 2.0 3.0 3.0 4.0 5.0 6.0 8.0 38.0
17 0 . . . . . . . . . . .
18 25296 0.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 10.0 12.0 50.0
19 3831 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 4.0 12.0 42.0
21 79370 0.0 0.0 2.0 2.0 3.0 4.0 5.0 6.0 9.0 13.0 69.0
22 40350 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 63.0
23 6198 0.0 0.0 0.0 0.0 0.0 0.0 2.0 3.0 11.0 23.0 74.0
25 46252 0.0 0.0 0.0 0.0 2.0 4.0 5.0 7.0 10.0 14.0 65.0
26 36427 0.0 0.0 0.0 2.0 2.0 3.0 4.0 5.0 7.0 10.0 54.0

Total/Mean 497594 0.0 0.4 1.1 1.6 2.4 3.0 4.0 5.1 7.4 11.7 58.4

Data Quality Table 27: Cleaned Analysis Sample
FB PERCLOS Camera (where daylight=0) Distribution (unweighted by duration)

Feedback
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Driver 0 1 0 1 0 1 0 1 0 1 0 1
1 . . . . . . . . . . . .
2 94087 . 93964 123 35787 58300 168466 . 168215 251 57415 111051
3 . . . . . . 175736 . 175390 346 159822 15914
4 52599 53461 105992 68 14477 91583 6045 202231 208189 87 17868 190408
5 80424 . 80415 9 22999 57425 21864 . 21851 13 3112 18752
6 73978 6862 80811 29 38670 42170 3427 38242 41662 7 14360 27309
7 133651 . 129327 4324 54408 79243 158834 . 158780 54 59603 99231
8 103547 38858 142372 33 34487 107918 30454 89263 119684 33 17323 102394
9 192808 . 171317 21491 58220 134588 . . . . . .
10 314231 . 297828 16403 56913 257318 2 325982 325977 7 67487 258497
11 25671 . 22548 3123 23999 1672 176275 . 175708 567 32805 143470
12 17452 . 17328 124 975 16477 65530 . 65530 . 222 65308
13 152794 . 1352 151442 1385 151409 160736 . 160423 313 40030 120706
15 240627 1690 242252 65 38591 203726 243188 1531 244443 276 36454 208265
17 112510 . 112505 5 15595 96915 31842 . 31839 3 267 31575
18 402242 29301 431493 50 111166 320377 23064 178141 196452 4753 27811 173394
19 29544 . 29544 . 9187 20357 29217 . 28693 524 6485 22732
20 23556 . 23498 58 8012 15544 . . . . . .
21 217771 1383 219153 1 61041 158113 137154 111067 244305 3916 98527 149694
22 213601 . 198946 14655 32404 181197 216471 . 216201 270 49796 166675
23 33076 . 33054 22 4531 28545 40362 . 40362 . 10359 30003
24 167 . 167 . . 167 1 . 1 . 1 .
25 131649 . 131489 160 29676 101973 174694 . 174502 192 58079 116615
26 284764 29068 313351 481 116660 197172 . 112228 112122 106 43942 68286
27 1683 . 1677 6 4 1679 220 . . 220 . 220
28 . . . . . . 13326 . 12978 348 6118 7208

Total 2932432 160623 2880383 212672 769187 2323868 1876908 1058685 2923307 12286 807886 2127707

No Feedback Feedback

Data Quality Table 28: No Records Excluded
APP On/Off Sensor Status (Numbers of Records)

HPCS S/T Not Calib. Day Light HPCS S/T Not Calib. Day Light
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Drive r 0 1 0 1 0 1 0 1
1 . . . . . . . .
2 9 40 8 2 5 8 98 5 9 4 2 2 8 16 8 4 6 6 . 16 1 6 5 2 68 1 4
3 . . . . 17 5 7 2 6 1 0 16 9 0 1 0 67 2 6
4 10 6 0 59 1 10 1 7 1 9 4 3 4 1 20 8 2 7 4 2 20 0 6 2 0 76 5 6
5 8 04 2 0 4 7 77 5 7 2 6 6 7 2 18 6 4 . 2 12 3 8 62 6
6 8 08 4 0 . 7 84 1 9 2 4 2 1 4 16 6 9 . 4 07 6 6 90 3
7 13 3 6 50 1 12 8 4 0 3 5 2 4 8 15 8 8 3 4 . 14 9 7 9 8 90 3 6
8 14 2 4 03 2 13 6 3 8 3 6 0 2 2 11 9 7 1 7 . 11 6 6 4 3 30 7 4
9 19 2 8 07 1 18 3 0 7 7 9 7 3 1 . . . .
10 31 4 2 31 . 30 1 2 6 1 1 29 7 0 32 5 9 8 4 . 31 0 4 5 2 1 5 53 2
11 2 56 6 9 2 2 46 6 7 1 0 0 4 17 6 2 7 5 . 16 7 6 7 6 85 9 9
12 1 74 5 2 . 1 61 3 2 1 3 2 0 6 55 3 0 . 6 17 3 8 37 9 2
13 15 2 7 94 . 14 2 8 1 4 9 9 8 0 16 0 7 3 6 . 15 3 9 2 9 68 0 7
15 24 2 3 17 . 22 6 9 0 2 1 54 1 5 24 4 7 1 9 . 23 2 1 4 7 1 2 57 2
17 11 2 5 10 . 10 5 0 6 2 7 4 4 8 3 18 4 2 . 3 06 3 9 12 0 3
18 43 1 5 43 . 41 0 1 0 1 2 14 4 2 20 1 2 0 5 . 19 2 4 6 8 87 3 7
19 2 95 4 4 . 2 75 5 1 1 9 9 3 2 92 1 7 . 2 66 0 9 26 0 8
20 2 35 5 6 . 2 24 1 6 1 1 4 0 . . . .
21 21 9 1 54 . 20 9 1 0 1 1 00 5 3 24 8 2 2 1 . 23 6 1 7 8 1 2 04 3
22 21 3 6 01 . 19 9 3 3 9 1 42 6 2 21 6 4 7 1 . 19 5 1 5 5 2 1 31 6
23 3 30 7 5 1 2 97 0 3 3 3 7 3 4 03 6 2 . 3 62 5 8 41 0 4
24 16 7 . 14 9 1 8 1 . 1 .
25 13 1 6 49 . 12 0 5 2 9 1 11 2 0 17 4 6 9 4 . 16 1 6 9 1 1 3 00 3
26 31 3 8 32 . 29 5 9 8 1 1 78 5 1 11 2 2 2 8 . 10 5 9 2 2 63 0 6
27 1 6 8 3 . 1 4 3 0 25 3 22 0 . 21 3 7
28 . . . . 1 33 2 6 . 1 14 4 8 18 7 8

Total 3 0 93 0 3 8 1 7 2 9 28 7 5 5 16 4 3 0 0 2 9 35 5 8 1 1 2 2 7 82 2 5 1 1 53 3 4 2

No Fe e dba ck Fe e dba ck

Da ta  Qua lity Ta ble  28: No Re cords Ex clude d (Continue d)
AP P  On/Off S e nsor S ta tus (Num be rs of Re cords)

M e m o Error Foot Bra ke M e m o Error Foot Bra ke
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Driver 0 1 0 1 0 1 0 1 0 1 0 1
1 . . . . . . . . . . . .
2 64989 . 64956 33 26268 38721 131890 . 131887 3 45195 86695
4 37454 43046 80452 48 10862 69638 3919 156483 160402 . 14282 146120
5 66564 . 66555 9 20826 45738 18969 . 18956 13 2768 16201
6 58564 5737 64276 25 32851 31450 2380 33604 35977 7 13717 22267
7 115930 . 112685 3245 48603 67327 128588 . 128546 42 50562 78026
8 84131 34723 118854 . 28990 89864 20139 87264 107403 . 16245 91158
10 272512 . 257337 15175 50939 221573 . 274781 274781 . 57148 217633
11 19926 . 17552 2374 19926 . 142818 . 142614 204 28241 114577
12 11105 . 11105 . 708 10397 49527 . 49527 . . 49527
13 107490 . 217 107273 . . 126580 . 126320 260 . .
15 178057 743 178796 4 29008 149792 197956 1531 199233 254 31712 167775
17 62833 . 62833 . 8654 54179 23433 . 23430 3 . 23433
18 336279 25521 361786 14 92462 269338 19810 153701 170155 3356 25296 148215
19 18620 . 18620 . 7683 10937 17241 . 17173 68 3831 13410
21 171034 856 171890 . 49521 122369 102245 95197 194749 2693 79370 118072
22 166040 . 158337 7703 23816 142224 164069 . 163806 263 40350 123719
23 14716 . 14694 22 2754 11962 19338 . 19338 . 6198 13140
25 102015 . 101868 147 25283 76732 136953 . 136785 168 46252 90701
26 220759 24188 244531 416 95283 149664 . 87806 87742 64 36427 51379

Total 2109018 134814 2107344 136488 574437 1561905 1305855 890367 2188824 7398 497594 1572048

No Feedback Feedback

Data Quality Table 29: Cleaned Analysis Sample
APP On/Off Sensor Status (Numbers of Records)

HPCS S/T Not Calib. Day Light HPCS S/T Not Calib. Day Light
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Driver 0 1 0 1 0 1 0 1
1 . . . . . . . .
2 64989 . 63644 1345 131890 . 129914 1976
4 80500 . 79843 657 160402 . 159299 1103
5 66560 4 66041 523 18969 . 18844 125
6 64301 . 63966 335 35984 . 35808 176
7 115930 . 113577 2353 128588 . 125186 3402
8 118854 . 116937 1917 107403 . 106442 961
10 272512 . 267548 4964 274781 . 269656 5125
11 19926 . 19714 212 142818 . 139674 3144
12 11105 . 10764 341 49527 . 48539 988
13 107490 . 105267 2223 126580 . 124939 1641
15 178800 . 175029 3771 199487 . 194867 4620
17 62833 . 61553 1280 23433 . 23098 335
18 361800 . 356299 5501 173511 . 171071 2440
19 18620 . 18282 338 17241 . 16683 558
21 171890 . 169416 2474 197442 . 194458 2984
22 166040 . 161446 4594 164069 . 155735 8334
23 14716 . 14178 538 19338 . 18497 841
25 102015 . 97385 4630 136953 . 132452 4501
26 244947 . 239838 5109 87806 . 86370 1436

Total 2243828 4 2200727 43105 2196222 0 2151532 44690

No Feedback Feedback

Data Quality Table 29: Cleaned Analysis Sample (Continued)
APP On/Off Sensor Status (Numbers of Records)

Memo Error Foot Brake Memo Error Foot Brake
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 89424 56.6 8.8 61.4 30.4 70.1 51283 58.1 7.6 61.4 30.4 68.2
2 130500 57.1 8.0 60.8 30.4 73.8 131890 58.6 6.5 61.4 30.4 70.1
4 182506 59.0 6.6 61.4 30.4 68.2 160402 59.0 6.8 61.4 30.4 67.0
5 66564 57.8 6.7 61.4 30.4 67.6 18969 59.3 5.2 61.4 30.4 65.1
6 64301 56.0 7.0 58.9 30.4 73.2 35984 57.9 6.1 60.8 30.4 70.7
7 115930 57.9 6.6 61.4 30.4 73.2 128588 56.5 7.7 60.8 30.4 71.3
8 118854 57.9 7.3 61.4 30.4 78.1 107403 60.0 4.8 61.4 30.4 72.5
10 272512 58.5 6.3 61.4 30.4 68.2 274781 58.6 6.3 61.4 30.4 69.4
11 19926 58.6 6.4 61.4 30.4 65.1 142818 58.0 6.4 61.4 30.4 71.9
12 11105 53.4 8.2 57.7 30.4 63.2 49527 56.5 6.8 59.5 30.4 66.3
13 107490 57.5 7.5 60.8 30.4 70.1 126580 58.9 6.2 61.4 30.4 70.7
15 178800 56.9 7.6 61.4 30.4 69.4 199487 57.6 7.4 61.4 30.4 73.2
17 62833 54.7 8.7 58.3 30.4 65.7 23433 58.4 6.1 61.4 30.4 67.6
18 361800 56.9 7.7 61.4 30.4 67.0 173511 56.8 7.9 61.4 30.4 65.1
19 18620 58.0 7.8 61.4 30.4 67.6 17241 55.4 9.7 61.4 30.4 67.6
21 171890 58.2 7.6 61.4 30.4 70.1 197442 58.2 8.2 61.4 30.4 70.7
22 166040 58.0 6.7 61.4 30.4 71.3 164069 56.1 8.1 60.8 30.4 76.9
23 14716 53.7 9.9 58.9 30.4 67.0 19338 53.1 9.6 56.4 30.4 67.0
25 102015 55.5 8.8 60.8 30.4 70.1 136953 56.9 8.0 61.4 30.4 69.4
26 244947 57.9 8.9 61.4 30.4 74.4 87806 58.2 9.0 61.4 30.4 70.1

Mean 57.0 60.7 57.6 60.9

No Feedback Feedback

Data Quality Table 30: Cleaned Analysis Sample
Vehicle Speed (converted to mph) (unweighted by record duration)

Canada Study Phase 1 Data Quality Control 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 89424 0.039 0.039 0.040 -0.550 0.610 51283 0.042 0.037 0.040 -0.360 0.300
2 130500 0.076 0.042 0.080 -0.350 0.480 131890 0.090 0.043 0.090 -0.420 0.440
4 182506 -0.014 0.034 -0.020 -0.360 0.280 160402 -0.006 0.036 -0.010 -0.370 0.320
5 66564 0.090 0.040 0.090 -0.260 0.390 18969 0.091 0.036 0.090 -0.190 0.340
6 64301 0.046 0.035 0.050 -0.260 0.540 35984 0.043 0.036 0.040 -0.290 0.340
7 115930 0.006 0.037 0.000 -1.210 0.240 128588 -0.001 0.038 0.000 -1.190 0.310
8 118854 0.004 0.039 0.000 -0.310 0.330 107403 0.024 0.040 0.020 -0.380 0.280
10 272512 0.024 0.045 0.020 -0.390 0.460 274781 0.032 0.043 0.030 -0.570 0.460
11 19926 0.092 0.089 0.060 -0.220 0.430 142818 -0.014 0.033 -0.010 -0.320 1.250
12 11105 0.099 0.038 0.100 -0.200 0.300 49527 0.098 0.037 0.100 -0.220 0.370
13 107490 -0.010 0.046 -0.010 -0.390 1.270 126580 -0.018 0.037 -0.020 -1.240 0.380
15 178800 0.044 0.042 0.040 -0.280 0.530 199487 0.064 0.042 0.060 -0.360 0.460
17 62833 -0.024 0.033 -0.020 -1.280 1.250 23433 -0.040 0.035 -0.040 -0.300 0.140
18 361800 0.283 0.244 0.170 -0.260 1.040 173511 0.612 0.047 0.610 0.240 0.980
19 18620 0.090 0.041 0.090 -0.290 0.400 17241 0.088 0.044 0.090 -0.300 0.430
21 171890 0.589 0.043 0.590 0.240 0.920 197442 0.576 0.042 0.580 0.010 1.010
22 166040 0.330 0.039 0.330 -0.700 0.690 164069 0.325 0.043 0.320 -0.730 0.700
23 14716 0.085 0.046 0.090 -0.220 0.320 19338 0.083 0.046 0.080 -0.440 0.350
25 102015 0.311 0.046 0.310 -0.760 0.720 136953 -0.275 0.313 -0.430 -0.880 0.720
26 244947 0.565 0.046 0.560 0.120 0.880 87806 0.544 0.044 0.540 -0.040 0.830

Mean 0.136 0.129 0.118 0.109

No Feedback Feedback

Data Quality Table 32: Cleaned Analysis Sample
"X" Longitudinal Acceleration (unweighted by record duration)

Canada Study Phase 1 Data Quality Control 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 89424 0.094 0.038 0.100 -0.250 0.660 51283 0.082 0.037 0.080 -0.260 0.390
2 130500 0.038 0.041 0.040 -0.280 0.340 131890 0.045 0.038 0.050 -0.320 0.310
4 182506 -0.021 0.036 -0.020 -0.380 0.250 160402 -0.019 0.037 -0.020 -0.400 0.260
5 66564 0.047 0.037 0.050 -0.210 0.290 18969 0.047 0.036 0.050 -0.260 0.280
6 64301 0.070 0.034 0.070 -0.210 0.330 35984 0.053 0.036 0.050 -0.320 0.400
7 115930 0.049 0.039 0.050 -1.210 0.450 128588 0.068 0.039 0.070 -0.240 0.380
8 118854 -0.003 0.038 0.000 -0.370 0.260 107403 0.017 0.034 0.020 -0.350 0.290
10 272512 0.016 0.041 0.020 -0.310 0.340 274781 0.026 0.038 0.030 -0.290 0.360
11 19926 0.118 0.104 0.070 -0.290 0.500 142818 0.070 0.034 0.070 -1.140 0.350
12 11105 0.052 0.041 0.050 -0.230 0.380 49527 0.052 0.040 0.050 -0.320 0.400
13 107490 0.087 0.060 0.080 -1.100 0.600 126580 0.088 0.047 0.080 -1.090 0.500
15 178800 0.044 0.037 0.040 -0.300 0.310 199487 0.054 0.038 0.060 -0.300 0.380
17 62833 0.077 0.034 0.080 -1.260 0.310 23433 0.096 0.029 0.100 -0.100 0.250
18 361800 -0.159 0.365 0.050 -1.070 0.340 173511 -0.812 0.042 -0.810 -1.070 -0.520
19 18620 0.049 0.040 0.050 -0.270 0.240 17241 0.042 0.043 0.040 -0.340 0.400
21 171890 -0.843 0.043 -0.840 -1.150 -0.480 197442 -0.860 0.039 -0.860 -1.230 -0.400
22 166040 -0.654 0.057 -0.650 -0.990 0.180 164069 -0.736 0.048 -0.740 -1.100 -0.040
23 14716 0.042 0.043 0.040 -0.310 0.310 19338 0.038 0.046 0.040 -0.330 0.290
25 102015 -0.747 0.053 -0.750 -1.030 -0.080 136953 -0.614 0.094 -0.590 -1.040 0.310
26 244947 -0.878 0.047 -0.880 -1.190 -0.510 87806 -0.908 0.042 -0.910 -1.190 -0.570

Mean -0.126 -0.118 -0.158 -0.157

No Feedback Feedback

Data Quality Table 33: Cleaned Analysis Sample
"Y" Lateral Acceleration (unweighted by record duration)

Canada Study Phase 1 Data Quality Control 
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Driver Equipment F/B 0 1 2 3 4 5 6 7 8 9 11 13 14 16 17 19 20 21 23 Sum of  Record 
Durations

1 Truck #1868: Volvo 0 87603 . . . 152 161 25 17 . 1 . 69 126 . 63 1126 . 81 . 36:27:00
1 Truck #1868: Volvo 1 50400 . . . 53 62 10 12 . 1 . 39 63 . 47 545 2 49 . 18:23
2 Truck #1740: Volvo 0 127808 . 1 . 212 166 202 39 . . 12 87 160 . 175 1516 1 121 . 48:42:00
2 Truck #1740: Volvo 1 128942 . . . 216 188 191 44 . . . 141 221 . 154 1706 . 87 . 70:05:00
4 Truck #2330: Freightliner 0 178924 . . 2 283 216 9 9 . 1 . 155 220 . 343 2338 . 6 . 66:57:00
4 Truck #2330: Freightliner 1 156952 . . . 257 234 6 6 . . . 160 208 . 226 2347 . 6 . 62:28:00
5 Truck #1740: Volvo 0 65318 . . . 83 92 62 46 . . 8 49 78 . 68 717 . 43 . 25:14:00
5 Truck #1740: Volvo 1 18670 . . . 14 16 34 24 . . 8 23 25 . 19 128 . 8 . 8:01:38
6 Truck #1868: Volvo 0 63578 . . . 43 58 22 1 . 4 . 52 66 . 77 378 . 22 . 21:38
6 Truck #1868: Volvo 1 35523 . . . 30 37 24 5 . 1 . 29 36 . 38 255 . 6 . 12:34
7 Truck #2051: Freightliner 0 112315 . . . 209 132 624 388 . . . 80 148 7 101 1924 . 1 1 39:16:00
7 Truck #2051: Freightliner 1 125190 . . . 204 109 662 404 . . . 95 161 7 116 1638 . . 2 42:40:00
8 Truck #2330: Freightliner 0 116420 . . . 157 151 21 33 . . . 89 143 . 140 1689 . 11 . 41:41:00
8 Truck #2330: Freightliner 1 105805 . . . 99 103 7 35 . . . 107 122 . 135 988 . 2 . 37:35:00

10 Truck #2330: Freightliner 0 267331 . . . 302 348 70 158 . . . 204 295 . 344 3449 . 11 . 97:51:00
10 Truck #2330: Freightliner 1 269130 . . . 339 354 92 222 . . . 214 329 . 320 3764 . 16 1 96:37:00
11 Truck #1868: Volvo 0 17362 . . 5 51 13 14 12 . . . . 22 . 316 2091 . 40 . 7:25:14
11 Truck #1868: Volvo 1 139622 . . . 169 218 202 403 . . . 129 169 2 136 1764 . 4 . 53:07:00
12 Truck #1740: Volvo 0 10792 . . . 16 10 5 3 . . . 15 14 . 20 215 . 15 . 4:49:49
12 Truck #1740: Volvo 1 48383 . . . 87 66 8 11 . . . 53 67 . 74 763 . 15 . 22:01
13 Truck #2051: Freightliner 0 . . . . . . . . . . . . . . . . . . . 50:25:00
13 Truck #2051: Freightliner 1 . . . . . . . . . . . . . . . . . . . 47:05:00
15 Truck #2330: Freightliner 0 174794 . . . 259 233 15 67 . . . 158 233 . 235 2798 . 8 . 68:17:00
15 Truck #2330: Freightliner 1 194568 1 1 4 239 241 51 150 . . 83 153 247 . 428 3313 . 8 . 75:14:00
17 Truck #2051: Freightliner 0 61365 . . . 97 69 195 311 . . . 58 94 . 61 581 . 1 1 23:38
17 Truck #2051: Freightliner 1 22946 . . . 34 25 61 135 . . . 22 35 1 19 155 . . . 8:37:38
18 Truck #2330: Freightliner 0 355255 . . . 446 302 271 714 . . 17 243 415 . 390 3723 . 22 2 126:50:00
18 Truck #2330: Freightliner 1 170369 . . . 206 149 112 330 . . 15 99 190 . 192 1833 1 14 1 59:05:00
19 Truck #1740: Volvo 0 18179 . . . 30 31 21 25 . . . 16 28 . 17 258 . 15 . 7:41:48
19 Truck #1740: Volvo 1 16729 . . . 32 32 32 38 . . . 14 21 . 15 304 1 23 . 7:12:37
21 Truck #2330: Freightliner 0 168153 . . . 274 241 8 41 . . . 149 197 . 231 2587 . 9 . 64:26:00
21 Truck #2330: Freightliner 1 191788 . . . 302 281 6 63 . . . 174 219 . 280 4318 1 10 . 72:36:00
22 Truck #2051: Freightliner 0 161637 . 1 . 210 165 890 862 . 1 . 149 220 6 249 1642 1 5 2 64:51:00
22 Truck #2051: Freightliner 1 159147 . . 2 296 178 895 614 . 2 . 97 201 8 363 2261 . 3 2 57:13:00
23 Truck #1740: Volvo 0 14159 . . . 44 28 27 80 . . 19 5 31 . 8 288 . 27 . 5:42:34
23 Truck #1740: Volvo 1 18474 . . . 64 59 17 123 . . . 10 39 . 23 499 . 30 . 7:51:50
25 Truck #2051: Freightliner 0 89821 . 1 . 168 156 . . . 1 . 65 113 . 266 11424 . . . 34:10:00
25 Truck #2051: Freightliner 1 128512 . . . 207 178 10 57 26 . 184 90 150 . 110 7420 . 9 . 47:37:00
26 Truck #2330: Freightliner 0 211707 1 1 5 721 406 . . . . 165 148 266 . 530 30995 1 1 . 81:06:00
26 Truck #2330: Freightliner 1 75551 . . . 153 145 . . . . 9 56 79 . 165 11648 . . . 28:16:00

Total 2 4 11 3523 2686 2596 3543 26 4 492 1548 2545 15 3347 83249 5 177 8

Safe Track Event Types
Data Quality Table 34: Safe Track Events by Driver and Condition
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Sample Definitions 
In order to assess quality of the data arising from the U.S. component of this Study Phase, 
the same three hierarchical sample definitions used in the Canadian component were used 
to construct summary tables.  These were required to manage the analysis of the very large 
volume of data recorded by the AP+ system.  

• No records excluded sample (2,265,248 total records among 12 drivers) 
• At least 30 mph sample (2,013,942 total records among 12 drivers) 
• Cleaned analysis sample (1,935,577 total records among 9 drivers) 

No records excluded 
The first sample included all raw data and was constructed for comparison purposes only.  
A limited number of appendix C-2 tables are based on the all records sample. 

All records recorded at speeds of at least 30 mph 
The second sample definition eliminates records in which speed was recorded at less than 
30 mph.  There were two reasons for this exclusion.  The primary reason was that the 
study was designed to examine the effects of the fatigue management intervention in 
highway driving and 30 mph was the definition adopted by the study team.  The second 
reason was that experience from the Canadian Study Phase indicated that most records 
with artifact data were eliminated by restricting attention to records recorded when 
vehicle speed was at least 30 mph.  Data Quality Table 1 provides the numbers (%) of 
records recorded with speeds of at least 30 mph, less than 30 mph but greater than 1 mph, 
and equal to 1 mph.  The value of 1 mph is velocity record by the AP+ system when the 
truck was standing still. 

Clean analysis sample 
The “cleaned analysis” sample is constructed by: 

Excluding records with mph<30  
See explanation above for rationale.  

Excluding records with durations >30 sec 
In the Canadian Study Phase it was observed that almost all problematic records remaining after excluding records with speeds less than 30 miles 
were associated with very long record duration.  A careful evaluation indicated that by excluding all records with durations greater than 30 
seconds, nearly no valid records would be excluded while filtering out long duration records indicative of problematic data. This same filter was 
applied to the current U.S. dataset.   

Hard code variable value deletions (within records)  
Careful examination of driver specific distributions of outcome variables recorded by the AP+ system was used to identify additional artifacts and 
problematic data among the remaining records with speeds at least 30 mph and with record durations no greater than 30 seconds.  Hard code 
variable value deletions within records were made on a case by case basis after careful evaluation. Reasons for exclusions of these records were 
documented.  The following hard code variable value deletions were made.  

• X and Y acceleration values were set to missing for the first 4 drivers as specified by 
Pierre Pommarel of AP+  (see discussion below). 

Appendix C-2 
 U.S. Data Quality Control Tables    
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• X and Y acceleration for driver 42 during the FEEDBACK condition were all equal 
to 1.27.  Therefore, X and Y acceleration values were set to missing under both the 
NO FEEDBACK and FEEDBACK conditions for this driver in the AP+ cleaned 
analysis dataset.  

• The lane tracking variable was set to missing if lane tracking coincidence was less 
than 50% (see discussion below – this was the rule used in FMT Canada).   

• Steering wheel and front wheel movements measurements were hard coded to 
missing for some drivers:  steering wheel movement values were set to missing for 
drivers 36 and 42.  Front wheel movement values were set to missing under the 
FEEDBACK condition for the FEEDBACK legs of drivers 35 and 42. Then, for 
symmetry, the front wheel movement values under the NO FEEDBACK condition 
for these drivers were also set to missing.  

Hard code driver deletions 
In addition to hard code variable value deletions, all data from specific drivers were excluded from the cleaned analysis sample.  This occurred 
when AP+ recorded data was only available under one of the two conditions or because there was insufficient data under one of the two 
conditions to permit meaningful comparisons. Thus, the cleaned analysis sample was defined on the basis of the subset of drivers with sufficient 
data under both conditions (FEEDBACK and NO FEEDBACK), restricting attention to records recorded at speeds of at least 30 mph, with record 
durations no more than 30 seconds and after excluding additional data found to be invalid following careful examination of driver specific 
distributions.  

On this basis drivers 33, 34, and 39 were excluded from the cleaned analysis sample for AP+ outcomes.  Additional detail regarding reasons 
for excluding these drivers is provided in Section 2.2 below. Also, as discussed below, drivers 35 and 36 were considered candidates for deletion.  
After data cleaning, driver 35 only had 8.4 hours under the FEEDBACK condition while driver 36 had only 8.6 hours. Nonetheless, a decision 
was made to retain these drivers since there was at least 8 hours of recording and light of the small sample size.    

 

Details of Quality Assessment Analysis 

More record durations ≥ 3 seconds (Data Quality Tables 2 and 3) 
Before excluding any records, we previously found in the Canada Study Phase that the 
average percentages of records with >3 second durations were 6.2% and 10.5% in the NO 
FEEDBACK and FEEDBACK conditions, respectively (Data Quality Table 2).  In the 
cleaned analysis sample (Data Quality Table 3) these average percentages became 7.3% 
and 7.6%, respectively. 

In contrast, with no records excluded, in the U.S. Study Phase, the average percentages of 
records with >3 second durations were 13.9% and 15.3%, respectively, in the NO 
FEEDBACK and FEEDBACK conditions (Data Quality Table 2).  In the cleaned 
analysis sample (Data Quality Table 3) these average percentages became 16.5% and 
18.0%, respectively. 

There were no apparent reasons to explain why the numbers of longer duration records 
increased by a factor of 2.5 in the U.S. Study Phase compared to the Canadian Study 
Phase.  Long duration records are due to time intervals when there are no changes in any 
recorded parameters.  An increase in the percentages of longer duration records could 
occur if fewer parameters are being recorded or if sensors and less sensitive to change or 
for some other unknown reason.  No additional action was taken on the basis of this 
observation. 
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Sum of Record Durations (Data Quality Table 4 and summary table below) 
Data Quality Table 4 excludes records with velocities less than 30 mph.  In the Canadian 
Study Phase, restricting attention to records with durations of at least equal to 30 mph 
resulted in the exclusion of almost all long duration records.  However, this is not the 
case for the U.S. Study Phase. The following comments were received from Pierre 
Pommarel of AP+ on Thursday 6/12/2003 2:19 PM. 
Here are some notes concerning the data from the first two weeks of the experiment (no feedback): 
  
* For ALL drivers, ignore the X and Y accelerometer values 
* driver 031 (truck # 432-1312) and driver 032 (truck #432-1200) seems to have coherent data  
* driver 033 (truck # 432-1263) and driver 034 (truck #432-1261) have an incomplete set of data, 

coming from the fact that both AP+ units were in "frozen" state. I think that driver 033 got data that 
can be processed. However, driver 034 has almost no data. 

  
We did find extremely long duration records for driver 33 at speeds >30 mph (see 
Appendix 2) that artificially inflated the follow-up duration reported for drivers in Data 
Quality Table 4.  The following table also excludes records with durations ≥30 seconds 
in addition to excluding records with < 30 mph.  After this exclusion, Pierre’s 
observation is confirmed and we see that there is very little data for driver 33.  

The following table can be compared to Pierre’s overall summary of ATA-FMT data 
collected distributed by way of e-mail on Wed 7/16/2003 1:07 PM.   Selected sections are 
paraphrased below.  

 
 
 

Description of Raw AP+ Data 
Sum of Record Durations (hours) (>=30 MPH) 

 No Feedback Feedback 
 All Records All Records 

Driver Sum Sum 
31 81.5 83.6 

32 79.6 41.7 

33† 2.4 5.3 

34† . 22.9 

35 81.6 8.4 

36 19.1 8.6 

37 43.2 45.2 

38 82.5 73.8 

39† 4.0 0.9 

40 28.9 74.8 

41 44.7 50.7 

42 68.8 26.1 

Mean 48.8 36.8 
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Note: † Drivers deleted from analysis due to insufficient 
valid AP+ data either during the NO FEEDBACK or 
FEEDBACK conditions.   

(The following grids contain text which is paraphrased from Pierre Pommarel’s (of AP+)  
e-mail of Wednesday, July 16, 2003, 1:07 PM.)  

Drivers 31 to 34:  NO FEEDBACK condition 
Driver # Data 
31 Complete (accelerometer data wrong) 
32 Complete (accelerometer data wrong) 
33 Not U.S.ble (No or very few data recorded) 
34 Not U.S.ble (No or very few data recorded) 

 
Drivers 31 to 34:  With feedback 
Before Hermitage intervention (First week) 
Driver # Data 
31 Complete (accelerometer data wrong) 
32 Complete (accelerometer data wrong) 
33 Not U.S.ble (No or very few data recorded) 
34 Not U.S.ble (No or very few data recorded) 

 
After Hermitage intervention (Second week) 
Driver # Data 
31 Complete 
32 Incomplete (Memo card not inserted)  
33 Complete 
34 Incomplete (Memo card not inserted) 
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Drivers 35 to 38: NO FEEDBACK condition 
Driver # Data 
35 Complete  
36 Incomplete (Memo card not inserted) 
37 Complete 
38 Complete 

 
Drivers 35 to 38: With FEEDBACK condition 
Driver # Data 
35 Incomplete (only 2 days - Memo card not inserted) 
36 Incomplete (Memo card not inserted) 
37 Complete 
38 Complete 

 
Based on the sum of record durations for records when speed was at least 30 miles per 
hour and the record duration was no greater than 30 seconds, the following summary 
conclusions were made about each driver: 

• Driver 31 had more than 80 hours under both NO FEEDBACK and FEEDBACK 
conditions, confirming Pierre’s report that this driver has a complete set of data. 
There was sufficient data for inclusion of driver 31 into the analysis final 
cleaned analysis dataset.  

• Driver 32 had approximately 80 NO FEEDBACK hours but only approximately 
40 FEEDBACK hours, consistent with the incorrect memo card insertion during 
the second week. There was sufficient data for inclusion of driver 32 into the 
analysis final cleaned analysis dataset.  

• Driver 33 had very few hours during both conditions.  Pierre indicated that there 
was complete data collected during the second week of FEEDBACK but we were 
unable to confirm this since total follow-up duration at mph ≥ 30 was estimated to 
be only 5.3 hours. Driver 33 did not appear to have sufficient cumulative 
record durations for inclusion into the final cleaned analysis dataset.  
Therefore, data from driver 33 was excluded. 

• Driver 34 had no NO FEEDBACK hours. There are 22.9 FEEDBACK hours. 
Driver 34 did not have sufficient record durations under both experimental 
conditions for inclusion into the final cleaned analysis dataset. 

• Driver 35 had more than 80 NO FEEDBACK hours.  However, this driver had 
8.4 FEEDBACK hours after excluding records with speeds <30 mph or record 
durations ≥3 seconds. This finding is consistent with Pierre’s report indicating 
only 2 days of recorded data due to memo card insertion error.  Although there 
was only 8.4 hours of valid recorded data under the FEEDBACK condition, 
driver 35 was not excluded from analyses because doing so would have 
reduced the sample size from 9 to 8. 

• Driver 36 was found to have a relatively small amount of valid follow-up data 
under both conditions (19.1 NO FEEDBACK hours and 8.6 FEEDBACK hours) 
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consistent with Pierre’s report that the memo card was not inserted.  However, it 
is unclear how there can be any data at all if the memo card was not inserted?  
Nonetheless, since there was at least 8 hours of recorded data under both 
conditions, this driver was retained in the analysis sample. 

• Driver 37 had approximately 40 hours under both conditions. Therefore, we were 
unable to confirm that Pierre report that this driver had a complete set of data 
under both conditions.  However, there did appear to be sufficient data for 
inclusion of driver 37 into the analysis final cleaned analysis dataset.  

• Driver 38 had approximately 80 hours under both NO FEEDBACK and 
FEEDBACK conditions, confirming Pierre’s report that this driver has a complete 
set of data. There was sufficient data for inclusion of driver 38 into the final 
analysis dataset. 

• Driver 39 was found to have very few hours during either condition, with only 
four hours under the NO FEEDBACK condition and less than one hour under the 
FEEDBACK condition.  Driver 39 did not have sufficient record duration for 
inclusion into the final cleaned analysis dataset. 

• Driver 40 had approximately 29 and 75 hours under NO FEEDBACK and 
FEEDBACK conditions respectively. There was sufficient data for inclusion of 
driver 40 into the final cleaned analysis dataset.  

• Driver 41 had approximately 45 and 51 hours under NO FEEDBACK and 
FEEDBACK conditions respectively.  There was sufficient data for inclusion of 
driver 41 into the final cleaned analysis dataset.  

• Driver 42 had approximately 69 and 26 hours under NO FEEDBACK and 
FEEDBACK conditions respectively.  There was sufficient data for inclusion of 
driver 42 into the final cleaned analysis dataset.  

Filtering of zero duration and zero velocity records 
During quality assessment procedures, we observed that the total numbers of records 
prior to any exclusions differed between that indicated in Data Quality Table 1 and Data 
Quality Table 2.  The difference is that Data Quality Table 1 includes records with 0 
second durations. Although the title of Table 2 indicates that there were no exclusions, in 
fact, 0 second duration records were excluded from the outset in analyses dealing with 
record durations as was done in the Canadian Study Phase. There were 22,155 0 second 
duration records (2,265,248 minU.S. 22,155 = 2,243,093).   Upon closer inspection, we 
find that there are actually 2,243,095 records counted in Data Quality Table 2.   The two 
record discrepancy relates to two records with mph=0 (driver 36 and 41, each in the NO 
FEEDBACK condition). These records were also excluded since the speed standing still 
is recorded at 1 mph. Thus, 0 mph records were defined as invalid and excluded during 
an initial data cleaning filter and so these two records do not appear in Data Quality Table 
1  

The following exhibit provides the frequency distributions of record durations without 
excluding 0 second records at the outset.  
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------------------------------- FEEDBACK=0 (No) ----------------------------- 
 
                             Record Duration 
 
       RECORD_                             Cumulative    Cumulative 
      DURATION    Frequency     Percent     Frequency      Percent 
      ------------------------------------------------------------- 
             0       15424        1.23         15424         1.23 
             1      809516       64.38        824940        65.61 
             2      241109       19.18       1066049        84.79 
            >3      191265       15.21       1257314       100.00 
 
 
------------------------------- FEEDBACK=1 (Yes) ---------------------------- 
 
                             Record Duration 
 
       RECORD_                             Cumulative    Cumulative 
      DURATION    Frequency     Percent     Frequency      Percent 
      ------------------------------------------------------------- 
             0        6731        0.67          6731         0.67 
             1      652384       64.72        659115        65.39 
             2      191521       19.00        850636        84.39 
            >3      157300       15.61       1007936       100.00 
 

Poor lane tracking confidence (Data Quality Tables 9 and 10) 
As with Canada Study Phase, if lane tracking confidence <50%, lane tracking offset (and, 
consequently, lateral distance as well) was set to missing (Data Quality Tables 11 - 14). 
For consistency with rules agreed upon for the Canadian Study Phase, the SafeTRAC 
Driver Alertness Summery values were not set to missing (Data Quality Tables 15 – 18). 
Since this outcome measure is computed using a proprietary scoring algorithm it was not 
clear whether poor lane tracking confidence (i.e., <50%) implied that the SafeTRAC 
Driver Alertness Summery should also set to missing. 

Inconsistencies in steering wheel movements metric (Data Quality Tables 18-20) 
In the Canada Study Phase, average mean and median steering wheel values during both 
the NO FEEDBACK and FEEDBACK conditions were around 11. In contrast, for the 
current U.S. Study Phase, these values are both around 54. Clearly there was either a 
change in metric or some other problem resulting in qualitatively different distributions 
for steering wheel movements between the two studies. As a consequence, steering wheel 
movement data are not poolable between studies. There is no apparent reason for this 
difference in distributions.  

In addition, inspection of the steering wheel data for drivers 36 and 42 indicated that 
these distributions were qualitatively different compared to steering wheel data from the 
other drivers.  Driver 36 had mean and median values on the order of more than 180 
under both conditions.  Driver 42 had a mean value of less than six and a median of zero 
in the NO FEEDBACK condition, and mean and median values of zero in the 
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FEEDBACK condition. Therefore, steering wheel movements were hard coded to 
missing for drivers 36 and 42.  Driver 39 also had distributions of steering wheel 
movements similar to driver 42, but driver 42 was already excluded from all analyses due 
to insufficient total follow-up.  The following special ‘AD’ versions of Data Quality 
Tables 19 and 20 are presented without excluding any drivers. These tables provide the 
distributions of steering wheel movements for all drivers based on the cleaned analysis 
sample and document the reason why steering wheel movement data were excluded for 
drivers 36 and 39, even though these drivers are included in the analysis dataset.  

Data Quality Table 19AD: Cleaned Analysis Sample (All Drivers) 
NO FEEDBACK Steering Wheel Movements Distribution 

  No Feedback 
Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max 

31 142315 50.0 56.0 56.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 64.0 

32 169520 39.0 49.0 49.0 49.0 49.0 50.0 50.0 50.0 50.0 50.0 56.0 

33 5969 32.0 35.0 35.0 35.0 35.0 39.0 39.0 39.0 42.0 53.0 71.0 

34 . . . . . . . . . . . . 

35 161237 43.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 55.0 

36 53808 22.0 183.0 183.0 186.0 186.0 186.0 186.0 186.0 186.0 186.0 190.0 

37 86001 51.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 58.0 58.0 114.0 

38 170367 50.0 56.0 57.0 57.0 57.0 57.0 57.0 57.0 57.0 58.0 64.0 

39 9898 0.0 0.0 0.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 32.0 

40 66182 51.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 58.0 58.0 64.0 

41 98979 51.0 56.0 56.0 56.0 57.0 57.0 57.0 57.0 57.0 57.0 64.0 

42 150712 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 41.0 53.0 

Total/Mean 1114988 35.4 54.3 54.4 54.9 55.0 55.6 55.6 55.7 56.2 61.0 75.2 
 

Data Quality Table 20AD: Cleaned Analysis Sample (All Drivers) 
FEEDBACK Steering Wheel Movements Distribution 

 No Feedback 
Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max 

31 136567 50.0 56.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 57.0 63.0 

32 88424 42.0 48.0 49.0 49.0 49.0 49.0 49.0 50.0 50.0 50.0 56.0 

33 14788 15.0 35.0 35.0 35.0 39.0 39.0 39.0 42.0 42.0 50.0 253.0 

34 45067 51.0 55.0 55.0 56.0 56.0 56.0 56.0 57.0 57.0 58.0 117.0 

35 15188 44.0 49.0 49.0 49.0 49.0 49.0 50.0 50.0 50.0 50.0 52.0 

36 18685 86.0 179.0 179.0 179.0 179.0 179.0 183.0 183.0 183.0 186.0 190.0 

37 83230 50.0 55.0 56.0 56.0 56.0 56.0 57.0 57.0 58.0 58.0 115.0 

38 141065 51.0 56.0 57.0 57.0 57.0 57.0 57.0 57.0 58.0 58.0 64.0 

39 1882 0.0 0.0 0.0 0.0 3.0 3.0 3.0 3.0 7.0 7.0 14.0 

40 180942 50.0 55.0 55.0 56.0 56.0 56.0 56.0 57.0 57.0 58.0 115.0 

41 115119 50.0 56.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 57.0 63.0 

42 57236 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total/Mean 898193 40.8 53.7 53.9 54.1 54.7 54.7 55.3 55.8 56.3 57.4 91.8 
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Inconsistencies in wheel movements metric (Data Quality Tables 21–23) 
In the Canada Study Phase, average mean and median wheel movement values during 
both the NO FEEDBACK and FEEDBACK conditions were around 180.  Now they are 
around 53. As with steering wheel movements, there was clearly either a change in metric 
or some other problem. Consequently, wheel movement data are not poolable between 
studies.  Interestingly, the distribution of steering wheel movement data for driver 36 
noted above looks like the typical distributions of wheel movement data obtained from 
the Canada Study Phase.     

Upon inspection of the driver specific distributions, the distributions observed for drivers 
35 and 42 were outliers in the FEEDBACK condition.  Both had all values equal to zero.  
The following table is a special version of Data Quality Table 23 that includes all drivers.  
Wheel movement data under both conditions for these drivers were excluded from the 
cleaned analysis sample. 

Data Quality Table 23AD: Cleaned Analysis Sample (All Drivers) 
FEEDBACK Wheel Movements Distribution 

  Feedback 
Driver N  Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max 

31 136567 50.0 55.0 55.0 56.0 56.0 56.0 56.0 56.0 56.0 56.0 62.0 

32 88424 45.0 49.0 50.0 50.0 50.0 50.0 51.0 51.0 51.0 51.0 56.0 

33 14788 48.0 50.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 55.0 

34 45067 47.0 51.0 51.0 51.0 52.0 52.0 52.0 52.0 53.0 53.0 105.0 

35 15188 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

36 18685 41.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 52.0 52.0 56.0 

37 83230 46.0 51.0 51.0 52.0 52.0 52.0 52.0 53.0 53.0 53.0 107.0 

38 141065 51.0 56.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 57.0 63.0 

39 1882 50.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 53.0 

40 180942 47.0 51.0 51.0 51.0 52.0 52.0 52.0 52.0 53.0 53.0 106.0 

41 115119 51.0 55.0 56.0 56.0 56.0 56.0 56.0 56.0 57.0 57.0 62.0 

42 57236 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total/Mean 898193 41.6 45.8 45.9 46.0 46.3 46.3 46.4 46.5 47.0 47.0 69.0 

 

Ambient light (Data Quality Table 24) 
The median ambient light values for all drivers under both conditions is 0, confirming 
that most driving was at night.  In comparison, in the Canada Study Phase, the median 
values were typically around 150.   

Drivers 32, 35, 41, and 42 appeared to have appreciable amounts of non-night driving in 
the NO FEEDBACK condition.  In the FEEDBACK condition this was true for only 
drivers 32 and 35. 

The validity of this observation was validated by comparison with Data Quality Table 29.  
Drivers 32, 35, and 42 have AP+ On/off sensor “Day Light” values equal to 1 in 
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relatively high numbers confirming the results from the ambient light meter.  In contrast, 
the AP+ On/off sensor for “Day Light” in the NO FEEDBACK condition for driver 42 
has no values equal to 1, even though driver 42 appeared to have appreciable amounts of 
non-night driving in the NO FEEDBACK condition on the basis of the ambient light 
values. There is no apparent reason for this discrepancy.  

During the FEEDBACK condition, driver 32 had many more records with the AP+ 
On/off sensor for “Day Light” equal to 1 compared to any other driver and driver 35 had 
the second most number of records.  

Of the 227 total PVT trials during the NO FEEDBACK condition, 49 (21.6%) were 
performed during the day or evening.  Most of these were from drivers 39, 40, 41, and 42.  
Of the 209 total PVT trials during the FEEDBACK condition, 35 (16.7%) were 
performed during the day or evening and 31 of these were from these same four drivers.   

Raw data metric for speed (Data Quality Table 30) 
AP+ velocity data obtained during the Canadian Study Phase was provided in km/hr. 
There was no information provided to U.S. that the nature of the AP+ recording would 
change. However, inspection of preliminary versions of Data Quality Table 30 clearly 
indicated that that velocity was now being provided in mph rather than km\hr.  Our 
programming initially applied a translation to the velocity data to convert km/hr to mph.  
The initial version of Data Quality Table 30 indicated that the average mean and median 
speeds under both conditions were about 38 mph with maximum values of roughly 44 
mph.   

We found these values to be obviously incorrect.  Since 1 kilometer/hour = 0.6213712 
mile/hour (mph) and 1 mile/hour (mph) = 1.609344 kilometer/hour these values can be 
‘untransformed’ by multiplying by 1.61 (38 by 1.61 is 62, and 44 by 1.61 is 70.8).  These 
values are very similar to average and maximum values for velocity observed in the 
Canada Study Phase.   Therefore, the translation subroutine was removed for the U.S. 
data.    

Engine Rotation (Data Quality Table 31) 
The engine rotation values for driver 42 were all equal to 0 during the FEEDBACK 
condition.  Therefore, all engine rotation data during both the NO FEEDBACK and 
FEEDBACK conditions were set to missing in the AP+ cleaned analysis dataset.  After 
this exclusion, the distributions of engine rotation values looked very similar between 
studies. 

X and Y acceleration (Data Quality Tables 32 and 33) 
The following comments were from Pierre Pommarel of AP+ on Thursday, June 12, 
2003, 2:19 PM. 

 Here are some notes concerning the data from the first two weeks of the experiment (no feedback): 
  
* For ALL drivers, ignore the X and Y accelerometer values 
 * driver 031 (truck # 432-1312) and driver 032 (truck #432-1200) seems to have coherent data  
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* driver 033 (truck # 432-1263) and driver 034 (truck #432-1261) have an incomplete set of data, 
coming from the fact that both AP+ units were in "frozen" state. I think that driver 033 got data 
that can be processed. However, driver 034 has almost no data. 

  
We interpreted the reference to ‘ALL drivers’ to mean drivers 31, 32, 33, and 34 only. 
We hard coded X and Y acceleration data for these 4 drivers to missing as reflected in 
Tables 32 and 33.  Our data analysis confirmed that driver 34 had no U.S.ble AP+ data 
under the NO FEEDBACK condition.  In contrast, driver 33 appeared to have substantial 
amount of NO FEEDBACK data and a full complement of FEEDBACK data (see Data 
Quality Table 4).   

In further data quality procedures it was discovered that the values of X and Y 
acceleration for driver 42 during the FEEDBACK condition were all equal to 1.27.  
Therefore, X and Y acceleration values were set to missing under both the NO 
FEEDBACK and FEEDBACK conditions for this driver in the AP+ cleaned analysis 
dataset.  
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Driver N % N % N % N % N % N %
31 492 0.3% 16818 10.5% 142397 89.2% 491 0.3% 16482 10.7% 136663 89.0%
32 600 0.3% 17327 9.2% 169558 90.4% 483 0.5% 9561 9.7% 88435 89.8%
33 36 0.5% 1381 18.7% 5970 80.8% 142 0.7% 4971 25.0% 14790 74.3%
34 1 16.7% 5 83.3% . . 349 0.7% 6368 12.3% 45078 87.0%
35 1081 0.6% 19273 10.6% 161381 88.8% 98 0.6% 1835 10.7% 15190 88.7%
36 206 0.3% 7912 12.8% 53823 86.9% 161 0.7% 5100 21.3% 18709 78.1%
37 876 0.9% 11035 11.3% 86040 87.8% 802 0.8% 11079 11.6% 83264 87.5%
38 531 0.3% 16577 8.8% 170414 90.9% 427 0.3% 14067 9.0% 141120 90.7%
39 67 0.5% 2789 21.9% 9898 77.6% 29 1.2% 476 19.9% 1884 78.9%
40 265 0.4% 6348 8.7% 66184 90.9% 670 0.3% 15401 7.8% 180946 91.8%
41 447 0.4% 12678 11.3% 99008 88.3% 484 0.4% 11630 9.1% 115221 90.5%
42 922 0.5% 24254 13.8% 150718 85.7% 424 0.6% 7855 12.0% 57251 87.4%

Total/Mean 5524 1.8% 136397 18.4% 1115391 87.0% 4560 0.6% 104825 13.3% 898551 86.1%

No Feedback Feedback

DQ Table 1: No Records Excluded
Speed Categories (mph)

=1 1-<30  >=30 =1 1-<30 >=30

U.S. study phase Data Quality Control 
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Driver N % N % N % N % N % N %
31 75389 53.0% 32433 22.8% 34412 24.2% 69743 51.1% 30154 22.1% 36627 26.8%
32 108389 63.9% 35098 20.7% 26023 15.4% 55936 63.3% 18155 20.5% 14303 16.2%
35 93795 58.2% 37077 23.0% 30346 18.8% 8025 52.8% 3523 23.2% 3640 24.0%
36 26708 64.7% 8258 20.0% 6302 15.3% 10312 62.0% 3280 19.7% 3027 18.2%
37 49604 58.6% 19552 23.1% 15550 18.4% 45951 55.2% 19871 23.9% 17403 20.9%
38 103410 60.7% 37547 22.1% 29279 17.2% 80054 56.8% 32042 22.7% 28900 20.5%
40 44979 68.0% 12993 19.6% 8205 12.4% 123854 69.6% 34395 19.3% 19586 11.0%
41 67274 68.0% 18916 19.1% 12755 12.9% 82745 71.9% 20722 18.0% 11557 10.0%
42 99569 66.1% 29777 19.8% 21359 14.2% 37088 64.8% 11830 20.7% 8314 14.5%

Total/Mean 669117 62.4% 231651 21.1% 184231 16.5% 513708 60.8% 173972 21.1% 143357 18.0%

No Feedback Feedback

DQ Table 3: Cleaned Analysis Sample 
Record Duration Category (seconds)

1 sec 2 sec >=3 sec 1 sec 2 sec >=3 sec

U.S. study phase Data Quality Control 
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Driver N % N % N % N % N % N %
31 91354 57.2% 33191 20.8% 35058 22.0% 85115 55.5% 30937 20.2% 37232 24.3%
32 125018 66.7% 35821 19.1% 26633 14.2% 65220 66.2% 18587 18.9% 14640 14.9%
33 5753 77.9% 988 13.4% 645 8.7% 16808 84.5% 2094 10.5% 989 5.0%
34 5 100.0% . . . . 33657 65.0% 9921 19.2% 8213 15.9%
35 112383 61.8% 38160 21.0% 31162 17.1% 9812 57.3% 3609 21.1% 3701 21.6%
36 33142 68.5% 8568 17.7% 6655 13.8% 14638 68.3% 3511 16.4% 3291 15.3%
37 60153 62.3% 20283 21.0% 16106 16.7% 56579 59.5% 20585 21.6% 17968 18.9%
38 118946 63.5% 38481 20.5% 29932 16.0% 93259 60.0% 32826 21.1% 29439 18.9%
39 9735 76.3% 1925 15.1% 1091 8.6% 1536 64.3% 491 20.6% 361 15.1%
40 50964 70.1% 13304 18.3% 8474 11.6% 138137 71.4% 35123 18.2% 20172 10.4%
41 79372 70.8% 19498 17.4% 13209 11.8% 93992 73.9% 21174 16.6% 12063 9.5%
42 122691 69.8% 30890 17.6% 22300 12.7% 43631 66.6% 12663 19.3% 9231 14.1%

Total/Mean 809516 70.4% 241109 191265 13.9% 652384 191521 157300 15.3%

No Feedback Feedback

DQ Table 2: No Records Excluded
Record Duration Category (seconds)

1 sec 2 sec >=3 sec 1 sec 2 sec >=3 sec

U.S. study phase Data Quality Control 
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Driver N 1 sec 2 sec 3 sec 4 sec 5 sec 6-10 sec 11-15 sec 16-20 sec 21-25 sec 26-30 sec >30 sec
31 142027 75389 32433 15803 8242 4273 5111 446 216 85 29 .
32 169396 108389 35098 13778 5895 2911 2932 223 87 47 36 .
35 161124 93795 37077 16065 7067 3425 3196 235 136 77 51 .
36 41253 26708 8258 3362 1423 742 704 35 15 5 1 .
37 84598 49604 19552 8099 3606 1573 1778 189 125 43 29 .
38 170157 103410 37547 15580 6972 3212 3111 184 87 32 22 .
40 66144 44979 12993 4497 1894 825 855 61 26 9 5 .
41 98860 67274 18916 6543 2831 1347 1621 183 81 41 23 .
42 150603 99569 29777 11162 4828 2411 2574 203 62 10 7 .

Total/Mean 1084162 74346 25739 10543 4751 2302 2431 195 93 39 23

DQ Table 5: Cleaned Analysis Sample
NF Record Duration Distributions (seconds)

No Feedback (Number of records at each duration)

U.S. study phase Data Quality Control 
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All Records >=30 mph All Records >=30 mph
Driver Sum Sum Sum Sum

31 347.8 82.5 221.6 84.8
32 348.0 80.1 109.8 41.8
33 55.2 53.5 148.0 74.9
34 0.0 . 193.0 23.0
35 278.0 83.7 10.9 8.4
36 278.9 44.8 275.3 33.0
37 275.2 43.7 272.8 45.5
38 278.5 83.1 275.6 74.5
39 79.5 4.0 26.1 8.1
40 83.8 29.0 278.7 74.9
41 267.0 45.0 278.9 51.9
42 380.4 68.9 81.5 26.4

Mean 222.7 56.2 181.0 45.6

Feedback

Data Quality Table 4: No Exclusions and >=30 mph
Sum of Record Durations (hours)

No Feedback

U.S. study phase Data Quality Control 
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Driver N 1 sec 2 sec 3 sec 4 sec 5 sec 6-10 sec 11-15 sec 16-20 sec 21-25 sec 26-30 sec >30 sec
31 136216 69743 30154 15463 8498 4792 6542 645 228 99 52 .
32 88343 55936 18155 7389 3453 1696 1619 60 27 5 3 .
35 15175 8025 3523 1796 848 443 506 21 8 2 3 .
36 16600 10312 3280 1384 677 381 452 63 33 15 3 .
37 83096 45951 19871 8433 3971 2010 2429 257 107 46 21 .
38 140863 80054 32042 14225 7127 3392 3602 266 85 49 21 .
40 177773 123854 34395 11320 4351 1873 1802 122 44 9 3 .
41 114872 82745 20722 5733 2021 1075 1851 354 215 107 49 .
42 57199 37088 11830 4523 1922 920 828 57 20 5 6 .

Total/Mean 830137 57079 19330 7807 3652 1842 2181 205 85 37 18

DQ Table 6: Cleaned Analysis Sample
FB Record Duration Distributions (seconds)

Feedback  (Number of records at each duration)

U.S. study phase Data Quality Control 
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Driver N % N % N % N % N % N %
31 189 1.0% 18525 94.5% 886 4.5% 323 1.5% 20339 94.5% 867 4.0%
32 1070 2.5% 40624 93.5% 1756 4.0% 420 1.8% 22142 93.4% 1133 4.8%
33 2 0.2% 945 91.8% 82 8.0% 11 0.4% 2789 95.7% 115 3.9%
34 . . 3 50.0% 3 50.0% 250 3.0% 7737 93.1% 321 3.9%
35 3500 15.4% 18096 79.4% 1196 5.2% 11 0.6% 1687 93.4% 108 6.0%
36 311 2.4% 11676 89.1% 1114 8.5% 45 1.0% 4389 94.1% 232 5.0%
37 394 2.9% 12349 91.9% 699 5.2% 623 3.3% 17639 94.4% 424 2.3%
38 775 2.0% 36343 94.0% 1546 4.0% 171 0.5% 30554 93.5% 1960 6.0%
39 77 3.1% 2289 91.9% 125 5.0% 60 16.8% 284 79.3% 14 3.9%
40 80 0.8% 9116 93.5% 550 5.6% 338 1.1% 28201 94.5% 1307 4.4%
41 444 2.4% 17727 94.7% 551 2.9% 84 0.5% 17733 96.7% 521 2.8%
42 390 0.8% 49574 97.1% 1066 2.1% 145 1.2% 11012 93.1% 673 5.7%

Total/Mean 7232 3.0% 217267 88.5% 9574 8.8% 2481 2.6% 164506 93.0% 7675 4.4%

No Feedback Feedback

DQ Table 7: No Records Excluded
SafeTRAC Lane Tracking (Offset) Confidence Category

0% >0% to <100% 100% 0% >0% to <100% 100%

U.S. study phase Data Quality Control 
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Driver N % N % N % N % N % N %
31 9 0.1% 10179 93.1% 750 6.9% 18 0.2% 10408 93.6% 697 6.3%
32 69 0.2% 29470 94.6% 1612 5.2% 18 0.1% 16649 93.9% 1061 6.0%
35 5 0.0% 10207 91.3% 963 8.6% . . 809 88.5% 105 11.5%
36 2 0.0% 7311 88.1% 988 11.9% 1 0.1% 1355 88.8% 170 11.1%
37 4 0.1% 5557 90.6% 572 9.3% 240 2.4% 9566 95.2% 243 2.4%
38 44 0.2% 26756 94.7% 1461 5.2% 9 0.0% 22870 92.6% 1806 7.3%
40 2 0.0% 5935 92.8% 460 7.2% 61 0.3% 18730 94.3% 1065 5.4%
41 122 1.2% 9891 94.4% 460 4.4% 15 0.1% 10041 96.1% 397 3.8%
42 84 0.2% 40039 97.5% 928 2.3% 10 0.1% 7313 92.3% 600 7.6%

Total/Mean 341 0.2% 145345 93.0% 8194 6.8% 372 0.4% 97741 92.8% 6144 6.8%

No Feedback Feedback

DQ Table 8: Cleaned Analysis Sample
SafeTRAC Lane Tracking (Offset) Confidence Category

0% >0% to <100% 100% 0% >0% to <100% 100%

U.S. study phase Data Quality Control 
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Driver N 0% >0-10% >10-20% >20-30% >30-40% >40-50% >50-60% >60-70% >70-80% >80-90% >90-100%
31 136567 4.46% 2.07% 0.66% 0.48% 0.43% 0.39% 0.34% 0.34% 0.31% 0.35% 90.19%
32 88424 2.61% 1.13% 0.51% 0.37% 0.28% 0.23% 0.22% 0.19% 0.21% 0.23% 94.02%
35 15188 1.96% 0.95% 0.45% 0.29% 0.18% 0.22% 0.18% 0.18% 0.13% 0.20% 95.27%
36 18685 11.89% 1.69% 0.59% 0.43% 0.40% 0.39% 0.40% 0.21% 0.27% 0.26% 83.47%
37 83230 8.91% 2.05% 0.65% 0.45% 0.40% 0.36% 0.42% 0.35% 0.37% 0.38% 85.67%
38 141065 2.71% 1.17% 0.42% 0.30% 0.26% 0.20% 0.22% 0.19% 0.17% 0.20% 94.17%
40 180942 4.17% 0.89% 0.32% 0.24% 0.21% 0.16% 0.19% 0.13% 0.12% 0.11% 93.47%
41 115119 13.45% 1.32% 0.38% 0.29% 0.23% 0.22% 4.74% 0.18% 0.18% 0.19% 78.81%
42 57236 2.85% 1.40% 0.59% 0.36% 0.28% 0.32% 0.29% 0.24% 0.27% 0.30% 93.10%

Total/Mean 836456 5.89% 1.41% 0.51% 0.36% 0.30% 0.28% 0.78% 0.22% 0.23% 0.25% 89.79%

DQ Table 10: Cleaned Analysis Sample
FB SafeTRAC Lane Tracking (Offset) Confidence Category

Feedback (Percentages in Each Category)

U.S. study phase Data Quality Control 
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Driver N 0% >0-10% >10-20% >20-30% >30-40% >40-50% >50-60% >60-70% >70-80% >80-90% >90-100%
31 142315 4.15% 1.45% 0.49% 0.33% 0.29% 0.29% 0.28% 0.28% 0.27% 0.32% 91.86%
32 169520 3.57% 1.35% 0.47% 0.39% 0.30% 0.29% 0.57% 0.23% 0.26% 0.28% 92.28%
35 161237 3.27% 0.95% 0.37% 0.24% 0.18% 0.15% 0.20% 0.14% 0.14% 0.15% 94.20%
36 53808 3.43% 0.78% 0.30% 0.18% 0.14% 0.14% 0.14% 0.15% 0.12% 0.15% 94.47%
37 86001 8.77% 1.67% 0.52% 0.36% 0.26% 0.28% 0.25% 0.21% 0.23% 0.22% 87.22%
38 170367 2.64% 1.40% 0.54% 0.41% 0.30% 0.27% 0.28% 0.23% 0.22% 0.22% 93.50%
40 66182 4.99% 0.89% 0.33% 0.24% 0.18% 0.14% 0.14% 0.10% 0.11% 0.11% 92.77%
41 98979 7.65% 2.42% 0.88% 0.61% 0.53% 0.43% 1.76% 0.26% 0.25% 0.26% 84.94%
42 150712 2.36% 1.31% 0.55% 0.37% 0.31% 0.31% 0.35% 0.25% 0.27% 0.28% 93.63%

Total/Mean 1099121 4.54% 1.36% 0.49% 0.35% 0.28% 0.26% 0.44% 0.21% 0.21% 0.22% 91.65%

DQ Table 9: Cleaned Analysis Sample
NF SafeTRAC Lane Tracking (Offset) Confidence Category

No Feedback (Percentages in Each Category)

U.S. study phase Data Quality Control 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 132399 123.8 21.2 124.0 0.0 250.0 125062 121.0 22.0 122.0 0.0 250.0
32 158749 117.4 28.3 119.0 0.0 250.0 83907 114.1 22.4 115.0 0.0 250.0
35 152928 123.9 18.8 124.0 0.0 250.0 14575 119.4 14.8 119.0 4.0 246.0
36 51143 112.1 17.5 112.0 0.0 248.0 15811 114.5 16.1 115.0 0.0 243.0
37 75828 121.9 18.4 122.0 0.0 250.0 72603 120.4 26.1 122.0 0.0 250.0
38 160961 117.7 26.0 120.0 0.0 250.0 133958 114.0 21.3 115.0 0.0 250.0
40 61707 126.0 22.7 127.0 0.0 250.0 170137 125.7 25.4 127.0 0.0 250.0
41 86621 128.1 33.3 130.0 0.0 250.0 96844 126.6 24.9 129.0 0.0 250.0
42 142894 119.3 34.6 121.0 0.0 250.0 53928 118.9 22.5 119.0 0.0 250.0

Total/Mean 890831 120.8 25.0 121.9 0.0 249.8 641763 119.2 21.7 120.1 0.5 248.6

No Feedback Feedback

Data Quality Table 11: Cleaned Analysis Sample 
SafeTRAC Vehicle Offset (unweighted by record duration)

U.S. study phase Data Quality Control 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 132399 -2.4 42.4 -2.0 -250.0 250.0 125062 -8.1 43.9 -6.0 -250.0 250.0
32 158749 -15.2 56.5 -12.0 -250.0 250.0 83907 -21.7 44.8 -20.0 -250.0 250.0
35 152928 -2.1 37.6 -2.0 -250.0 250.0 14575 -11.3 29.7 -12.0 -242.0 242.0
36 51143 -25.8 35.0 -26.0 -250.0 246.0 15811 -20.9 32.2 -20.0 -250.0 236.0
37 75828 -6.2 36.8 -6.0 -250.0 250.0 72603 -9.3 52.3 -6.0 -250.0 250.0
38 160961 -14.6 52.1 -10.0 -250.0 250.0 133958 -22.0 42.7 -20.0 -250.0 250.0
40 61707 2.0 45.4 4.0 -250.0 250.0 170137 1.4 50.8 4.0 -250.0 250.0
41 86621 6.2 66.7 10.0 -250.0 250.0 96844 3.2 49.8 8.0 -250.0 250.0
42 142894 -11.4 69.2 -8.0 -250.0 250.0 53928 -12.3 45.1 -12.0 -250.0 250.0

Total/Mean 890831 -8.4 49.9 -6.3 -250.0 249.5 641763 -11.6 43.4 -9.8 -249.0 247.3

No Feedback Feedback

Data Quality Table 12: Cleaned Analysis Sample
Lateral Distance (2*Vehicle Offset-250) (unweighted by record duration)

U.S. study phase Data Quality Control 
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max
31 132399 -250.0 -44.0 -26.0 -16.0 -8.0 -2.0 4.0 12.0 20.0 36.0 250.0
32 158749 -250.0 -74.0 -48.0 -32.0 -22.0 -12.0 -4.0 4.0 14.0 34.0 250.0
35 152928 -250.0 -42.0 -26.0 -16.0 -8.0 -2.0 6.0 12.0 22.0 36.0 250.0
36 51143 -250.0 -58.0 -46.0 -38.0 -32.0 -26.0 -22.0 -16.0 -8.0 4.0 246.0
37 75828 -250.0 -44.0 -28.0 -20.0 -12.0 -6.0 0.0 8.0 16.0 28.0 250.0
38 160961 -250.0 -70.0 -44.0 -30.0 -20.0 -10.0 -2.0 6.0 18.0 34.0 250.0
40 61707 -250.0 -50.0 -30.0 -16.0 -6.0 4.0 12.0 22.0 32.0 50.0 250.0
41 86621 -250.0 -58.0 -28.0 -12.0 0.0 10.0 20.0 30.0 44.0 68.0 250.0
42 142894 -250.0 -106.0 -80.0 -46.0 -24.0 -8.0 4.0 22.0 54.0 80.0 250.0

Total/Mean 1023230 -250.0 -60.7 -39.6 -25.1 -14.7 -5.8 2.0 11.1 23.6 41.1 249.6

Data Quality Table 13: Clean Analysis Sample
NF Percentiles of Lateral Distance (2*Vehicle Offset-250)

No Feedback

U.S. study phase Data Quality Control 
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max
31 125062 -250.0 -46.0 -28.0 -20.0 -12.0 -6.0 -2.0 4.0 12.0 26.0 250.0
32 83907 -250.0 -72.0 -50.0 -38.0 -28.0 -20.0 -12.0 -4.0 4.0 20.0 250.0
35 14575 -242.0 -42.0 -30.0 -22.0 -16.0 -12.0 -6.0 0.0 6.0 18.0 242.0
36 15811 -250.0 -48.0 -38.0 -30.0 -26.0 -20.0 -16.0 -12.0 -4.0 4.0 236.0
37 72603 -250.0 -82.0 -32.0 -20.0 -12.0 -6.0 0.0 6.0 16.0 36.0 250.0
38 133958 -250.0 -64.0 -46.0 -36.0 -26.0 -20.0 -12.0 -6.0 4.0 16.0 250.0
40 170137 -250.0 -54.0 -30.0 -16.0 -6.0 4.0 14.0 24.0 36.0 54.0 250.0
41 96844 -250.0 -52.0 -24.0 -8.0 0.0 8.0 18.0 28.0 38.0 54.0 250.0
42 53928 -250.0 -58.0 -40.0 -28.0 -20.0 -12.0 -4.0 4.0 14.0 30.0 250.0

Total/Mean 766825 -249.1 -57.6 -35.3 -24.2 -16.2 -9.3 -2.2 4.9 14.0 28.7 247.6

Data Quality Table 14: Clean Analysis Sample
FB Percentiles of Lateral Distance (2*Vehicle Offset-250)

Feedback

U.S. study phase Data Quality Control 
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U.S. study phase Data Quality Control 

Driver N Mean Std Med Min Max N Mean Std Med Min Max 

31 142315 74.9 10.8 76.0 0.0 100.0 136567 84.8 8.4 86.0 13.0 100.0 

32 169520 77.9 11.2 79.0 0.0 100.0 88424 78.8 10.1 80.0 0.0 100.0 

35 161237 73.6 11.9 75.0 0.0 100.0 15188 83.6 6.4 84.0 57.0 100.0 

36 53808 86.6 8.2 88.0 0.0 100.0 18685 91.4 6.6 92.0 52.0 100.0 

37 86001 72.9 9.3 72.0 32.0 100.0 83230 79.3 12.0 82.0 8.0 100.0 

38 170367 63.0 15.5 65.0 0.0 100.0 141065 77.4 10.2 79.0 33.0 100.0 

40 66182 51.8 19.1 55.0 0.0 100.0 180942 43.3 21.6 46.0 0.0 100.0 

41 98979 62.6 22.1 60.0 0.0 100.0 115119 64.3 19.0 61.0 17.0 100.0 

42 150712 67.7 16.3 71.0 0.0 100.0 57236 75.0 9.8 76.0 16.0 100.0 

Total/Mean 956806 69.5 14.2 70.6 4.0 100.0 699889 74.1 12.0 75.0 22.9 100.0 

No Feedback Feedback

Data Quality Table 15: Cleaned Analysis Sample
 SafeTRAC Driver Alertness Summary (unweighted by record duration)
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U.S. study phase Data Quality Control 

Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max

31 142315 0.0 60.0 66.0 71.0 74.0 76.0 79.0 81.0 83.0 86.0 100.0 

32 169520 0.0 65.0 70.0 74.0 76.0 79.0 81.0 84.0 86.0 89.0 100.0 

35 161237 0.0 63.0 67.0 70.0 72.0 75.0 76.0 78.0 81.0 84.0 100.0 

36 53808 0.0 78.0 82.0 84.0 86.0 88.0 89.0 91.0 92.0 94.0 100.0 

37 86001 32.0 63.0 67.0 69.0 71.0 72.0 74.0 76.0 78.0 81.0 100.0 

38 170367 0.0 44.0 52.0 57.0 61.0 65.0 68.0 71.0 74.0 79.0 100.0 

40 66182 0.0 26.0 34.0 41.0 48.0 55.0 60.0 65.0 69.0 74.0 100.0 

41 98979 0.0 36.0 43.0 50.0 55.0 60.0 65.0 71.0 81.0 100.0 100.0 

42 150712 0.0 46.0 55.0 62.0 67.0 71.0 74.0 77.0 80.0 85.0 100.0 

Total/Mean 1099121 3.6 53.4 59.6 64.2 67.8 71.2 74.0 77.1 80.4 85.8 100.0 

Data Quality Table 16: Cleaned Analysis Sample
 NO FEEDBACK SafeTRAC Driver Alertness Distribution (unweighted by record duration) 

No Feedback
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U.S. study phase Data Quality Control 

Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max 

31 136567 13.0 75.0 79.0 82.0 84.0 86.0 88.0 89.0 92.0 94.0 100.0 

32 88424 0.0 65.0 71.0 75.0 78.0 80.0 82.0 85.0 87.0 89.0 100.0 

35 15188 57.0 75.0 79.0 81.0 82.0 84.0 86.0 87.0 88.0 91.0 100.0 

36 18685 52.0 82.0 88.0 89.0 91.0 92.0 93.0 95.0 96.0 100.0 100.0 

37 83230 8.0 68.0 75.0 78.0 80.0 82.0 83.0 84.0 86.0 89.0 100.0 

38 141065 33.0 65.0 70.0 73.0 76.0 79.0 81.0 82.0 85.0 88.0 100.0 

40 180942 0.0 11.0 22.0 32.0 40.0 46.0 52.0 57.0 62.0 68.0 100.0 

41 115119 17.0 43.0 49.0 54.0 58.0 61.0 65.0 69.0 76.0 100.0 100.0 

42 57236 16.0 63.0 69.0 72.0 74.0 76.0 78.0 80.0 82.0 85.0 100.0 

Total/Mean 836456 21.8 60.8 66.9 70.7 73.7 76.2 78.7 80.9 83.8 89.3 100.0 

Data Quality Table 17: Cleaned Analysis Sample
 FEEDBACK SafeTRAC Driver Alertness Distribution (unweighted by record duration) 

Feedback 
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U.S. study phase Data Quality Control 

Driver N Mean Std Med Min Max N Mean Std Med Min Max 

31 142315 56.3 0.62 56.0 50.0 64.0 136567 56.5 0.76 56.0 50.0 63.0 

32 169520 49.5 0.61 50.0 39.0 56.0 88424 49.1 0.76 49.0 42.0 56.0 

35 161237 50.0 0.49 50.0 43.0 55.0 15188 49.4 0.64 49.0 44.0 52.0 

37 86001 56.7 0.98 57.0 51.0 114.0 83230 56.4 1.15 56.0 50.0 115.0 

38 170367 57.0 0.56 57.0 50.0 64.0 141065 57.1 0.81 57.0 51.0 64.0 

40 66182 56.7 0.90 57.0 51.0 64.0 180942 56.2 1.10 56.0 50.0 115.0 

41 98979 56.8 0.73 57.0 51.0 64.0 115119 56.4 0.74 56.0 50.0 63.0 

Total/Mean 752286 54.45 0.71 54.67 47.50 69.50 623968 54.11 0.87 53.83 47.83 77.50 

No Feedback Feedback

Data Quality Table 18: Cleaned Analysis Sample
Steering Wheel Movements Summary (unweighted by record duration)
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U.S. study phase Data Quality Control 

Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max
31 142315 50.0 56.0 56.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 64.0
32 169520 39.0 49.0 49.0 49.0 49.0 50.0 50.0 50.0 50.0 50.0 56.0
35 161237 43.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 55.0
37 86001 51.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 58.0 58.0 114.0
38 170367 50.0 56.0 57.0 57.0 57.0 57.0 57.0 57.0 57.0 58.0 64.0
40 66182 51.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 58.0 58.0 64.0
41 98979 51.0 56.0 56.0 56.0 57.0 57.0 57.0 57.0 57.0 57.0 64.0

Total/Mean 894601 47.9 54.1 54.3 54.3 54.4 54.9 54.9 55.0 55.3 55.4 68.7

Data Quality Table 19: Cleaned Analysis Sample
NO FEEDBACK Steering Wheel Movements Distribution

No Feedback 
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max
31 136567 50.0 56.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 57.0 63.0
32 88424 42.0 48.0 49.0 49.0 49.0 49.0 49.0 50.0 50.0 50.0 56.0
35 15188 44.0 49.0 49.0 49.0 49.0 49.0 50.0 50.0 50.0 50.0 52.0
37 83230 50.0 55.0 56.0 56.0 56.0 56.0 57.0 57.0 58.0 58.0 115.0
38 141065 51.0 56.0 57.0 57.0 57.0 57.0 57.0 57.0 58.0 58.0 64.0
40 180942 50.0 55.0 55.0 56.0 56.0 56.0 56.0 57.0 57.0 58.0 115.0
41 115119 50.0 56.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 57.0 63.0

Total/Mean 760535 48.1 53.6 54.0 54.1 54.1 54.1 54.7 55.0 55.3 55.4 75.4

Data Quality Table 20: Cleaned Analysis Sample
FB Steering Wheel Movements Distribution

Feedback

U.S. study phase Data Quality Control 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 142315 55.9 0.43 56.0 51.0 62.0 136567 55.8 0.58 56.0 50.0 62.0
32 169520 50.5 0.69 51.0 45.0 55.0 88424 50.3 0.79 50.0 45.0 56.0
36 53808 51.7 0.54 52.0 40.0 56.0 18685 51.2 0.59 51.0 41.0 56.0
37 86001 52.6 0.73 53.0 47.0 107.0 83230 52.2 0.84 52.0 46.0 107.0
38 170367 56.6 0.61 57.0 51.0 62.0 141065 56.5 0.68 56.0 51.0 63.0
40 66182 52.4 0.73 52.0 48.0 59.0 180942 51.9 0.85 52.0 47.0 106.0
41 98979 56.4 0.73 56.0 52.0 62.0 115119 56.2 0.69 56.0 51.0 62.0

Total/Mean 644857 53.4 0.67 53.50 47.17 66.83 627465 53.04 0.74 52.83 46.83 75.00

No Feedback Feedback

Data Quality Table 21: Cleaned Analysis Sample
Wheel Movements Summary (unweighted by record duration)

U.S. study phase Data Quality Control 
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max
31 142315 51.0 55.0 56.0 56.0 56.0 56.0 56.0 56.0 56.0 56.0 62.0
32 169520 45.0 50.0 50.0 50.0 50.0 51.0 51.0 51.0 51.0 51.0 55.0
36 53808 40.0 51.0 51.0 52.0 52.0 52.0 52.0 52.0 52.0 52.0 56.0
37 86001 47.0 52.0 52.0 52.0 53.0 53.0 53.0 53.0 53.0 53.0 107.0
38 170367 51.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 57.0 57.0 62.0
40 66182 48.0 51.0 52.0 52.0 52.0 52.0 53.0 53.0 53.0 53.0 59.0
41 98979 52.0 56.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 57.0 62.0

Total/Mean 787172 47.7 53.0 53.3 53.4 53.6 53.9 54.1 54.1 54.1 54.1 66.1

Data Quality Table 22: Cleaned Analysis Sample
NF Wheel Movements Distribution

No Feedback

U.S. study phase Data Quality Control 
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max

31 136567 50.0 55.0 55.0 56.0 56.0 56.0 56.0 56.0 56.0 56.0 62.0
32 88424 45.0 49.0 50.0 50.0 50.0 50.0 51.0 51.0 51.0 51.0 56.0
36 18685 41.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 52.0 52.0 56.0
37 83230 46.0 51.0 51.0 52.0 52.0 52.0 52.0 53.0 53.0 53.0 107.0
38 141065 51.0 56.0 56.0 56.0 56.0 56.0 57.0 57.0 57.0 57.0 63.0
40 180942 47.0 51.0 51.0 51.0 52.0 52.0 52.0 52.0 53.0 53.0 106.0
41 115119 51.0 55.0 56.0 56.0 56.0 56.0 56.0 56.0 57.0 57.0 62.0

Total/Mean 764032 47.3 52.6 52.9 53.1 53.3 53.3 53.6 53.7 54.1 54.1 73.1

Data Quality Table 23: Cleaned Analysis Sample
FB Wheel Movements Distribution

Feedback

U.S. study phase Data Quality Control 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 142315 0.2 4.6 0.0 0.0 141.0 136567 0.2 4.6 0.0 0.0 142.0
32 169520 29.1 57.7 0.0 0.0 191.0 88424 45.7 66.6 0.0 0.0 165.0
35 161237 42.9 65.0 0.0 0.0 184.0 15188 47.4 66.2 0.0 0.0 160.0
36 53808 1.0 10.6 0.0 0.0 160.0 18685 0.1 0.7 0.0 0.0 11.0
37 86001 0.0 0.3 0.0 0.0 20.0 83230 0.0 0.1 0.0 0.0 7.0
38 170367 0.3 6.1 0.0 0.0 143.0 141065 0.2 4.5 0.0 0.0 143.0
40 66182 0.2 1.4 0.0 0.0 23.0 180942 1.9 14.5 0.0 0.0 159.0
41 98979 27.7 55.4 0.0 0.0 163.0 115119 3.3 16.0 0.0 0.0 169.0
42 150712 26.9 56.3 0.0 0.0 161.0 57236 1.5 13.1 0.0 0.0 154.0

Total/Mean 956806 16.0 31.6 0.0 0.0 130.6 699889 12.5 22.7 0.0 0.0 121.0

No Feedback Feedback

Data Quality Table 24: Clean Analysis Sample
Ambient Light (unweighted by record duration)

U.S. study phase Data Quality Control 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 142315 4.50 9.09 2.00 0.0 88.0 136567 4.32 9.86 0.00 0.0 100.0
32 134687 7.44 8.28 5.00 0.0 93.0 59804 8.95 10.82 5.00 0.0 97.0
35 110047 3.04 3.77 2.00 0.0 54.0 9956 2.49 2.72 2.00 0.0 29.0
36 53808 17.86 17.78 12.00 0.0 95.0 18685 13.86 14.55 9.00 0.0 95.0
37 86001 1.80 2.94 0.00 0.0 78.0 83205 1.77 6.75 0.00 0.0 100.0
38 170367 3.41 8.93 1.00 0.0 97.0 141065 2.88 6.92 0.00 0.0 176.0
40 66171 7.95 8.46 5.00 0.0 84.0 178863 6.63 7.34 4.00 0.0 79.0
41 98979 14.51 19.75 7.00 0.0 100.0 115119 10.06 15.62 4.00 0.0 100.0
42 122786 7.75 12.07 3.00 0.0 97.0 56696 7.72 11.69 3.00 0.0 78.0

Total/Mean 842846 7.97 10.25 4.38 0.00 87.25 663393 6.80 9.55 3.38 0.00 94.25

No Feedback Feedback

Data Quality Table 25: Cleaned Analysis Sample
PERCLOS Camera Summary (where daylight=0) (unweighted by record duration)

U.S. study phase Data Quality Control 
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max
31 142315 0.0 0.0 0.0 0.0 0.0 2.0 2.0 3.0 5.0 11.0 88.0
32 134687 0.0 0.0 2.0 3.0 4.0 5.0 6.0 8.0 11.0 17.0 93.0
35 110047 0.0 0.0 0.0 0.0 2.0 2.0 3.0 4.0 5.0 7.0 54.0
36 53808 0.0 2.0 5.0 7.0 10.0 12.0 16.0 20.0 26.0 44.0 95.0
37 86001 0.0 0.0 0.0 0.0 0.0 0.0 2.0 2.0 3.0 5.0 78.0
38 170367 0.0 0.0 0.0 0.0 0.0 1.0 2.0 3.0 4.0 7.0 97.0
40 66171 0.0 0.0 2.0 3.0 4.0 5.0 7.0 9.0 12.0 18.0 84.0
41 98979 0.0 0.0 0.0 2.0 4.0 7.0 10.0 16.0 23.0 40.0 100.0
42 122786 0.0 0.0 0.0 0.0 2.0 3.0 5.0 8.0 12.0 21.0 97.0

Total/Mean 985161 0.00 0.22 1.00 1.67 2.89 4.11 5.89 8.11 11.22 18.89 87.33

Data Quality Table 26: Cleaned Analysis Sample
NF PERCLOS Camera (where daylight=0) Distribution (unweighted by duration)

No Feedback

U.S. study phase Data Quality Control 
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Driver N Min 10.0% 20% 30% 40% 50% 60% 70% 80% 90% Max
31 136567 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 4.0 16.0 100.0
32 59804 0.0 0.0 2.0 2.0 4.0 5.0 7.0 10.0 15.0 23.0 97.0
35 9956 0.0 0.0 0.0 0.0 2.0 2.0 2.0 3.0 4.0 5.0 29.0
36 18685 0.0 1.0 3.0 5.0 7.0 9.0 12.0 16.0 22.0 31.0 95.0
37 83205 0.0 0.0 0.0 0.0 0.0 0.0 2.0 2.0 2.0 4.0 100.0
38 141065 0.0 0.0 0.0 0.0 0.0 0.0 2.0 2.0 4.0 8.0 176.0
40 178863 0.0 0.0 2.0 2.0 3.0 4.0 6.0 8.0 11.0 16.0 79.0
41 115119 0.0 0.0 0.0 2.0 3.0 4.0 6.0 9.0 15.0 29.0 100.0
42 56696 0.0 0.0 0.0 0.0 2.0 3.0 5.0 8.0 13.0 24.0 78.0

Total/Mean 799960 0.00 0.11 0.78 1.22 2.33 3.00 4.67 6.67 10.00 17.33 94.89

Data Quality Table 27: Cleaned Analysis Sample
FB PERCLOS Camera (where daylight=0) Distribution (unweighted by duration)

Feedback

U.S. study phase Data Quality Control 
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Driver 0 1 0 1 0 1 0 1 0 1 0 1
31 159096 611 159573 134 159707 . 16198 137438 153528 108 153636 .
32 187052 433 186030 1455 146729 40756 3909 94570 98109 370 64851 33628
33 7387 . 7387 . 7387 . 4947 14956 19461 442 19903 .
34 6 . 6 . 6 . 1394 50401 50043 1752 50936 859
35 181414 321 178326 3409 120466 61269 . 17123 17123 . 10998 6125
36 61331 611 61693 249 61942 . 4560 19410 23859 111 23970 .
37 97387 564 97637 314 96374 1577 1488 93657 94858 287 93650 1495
38 187446 76 187024 498 187522 . 13013 142601 155520 94 155614 .
39 12728 26 12546 208 12754 . 1688 701 2331 58 2389 .
40 72797 . 72705 92 71959 838 21898 175119 196803 214 191575 5442
41 112134 . 111668 466 112134 . 114180 13155 107262 20073 127335 .
42 173970 1924 175652 242 138901 36993 65530 . 65530 . 63613 1917

Total 1252748 4566 1250247 7067 1115881 141433 248805 759131 984427 23509 958470 49466

No Feedback Feedback

Data Quality Table 28: No Records Excluded
APP On/Off Sensor Status (Numbers of Records)

HPCS S/T Not Calib. Day Light HPCS S/T Not Calib. Day Light

U.S. study phase Data Quality Control 
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Driver 0 1 0 1 0 1 0 1
31 159707 . 151873 7834 153636 . 146391 7245
32 187485 . 181439 6046 98479 . 95192 3287
33 7387 . 6895 492 19903 . 18716 1187
34 6 . 6 . 51795 . 48749 3046
35 181735 . 176277 5458 17123 . 16608 515
36 61940 2 59792 2150 23970 . 22673 1297
37 97951 . 93386 4565 95145 . 89847 5298
38 187522 . 182316 5206 155614 . 151083 4531
39 12743 11 11701 1053 2384 5 2286 103
40 72797 . 69733 3064 197008 9 188715 8302
41 112134 . 106063 6071 127335 . 121323 6012
42 175894 . 164036 11858 65530 . 61727 3803

Total 1257301 13 1203517 53797 1007922 14 963310 44626

No Feedback Feedback

Data Quality Table 28: No Records Excluded (Continued)
APP On/Off Sensor Status (Numbers of Records)

Memo Error Foot Brake Memo Error Foot Brake

U.S. study phase Data Quality Control 
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Driver 0 1 0 1 0 1 0 1 0 1 0 1
31 142025 290 142233 82 142315 . 5956 130611 136533 34 136567 .
32 169365 155 168794 726 134687 34833 652 87772 88340 84 59804 28620
35 161157 80 159315 1922 110047 51190 . 15188 15188 . 9956 5232
36 53644 164 53771 37 53808 . 1580 17105 18593 92 18685 .
37 85720 281 85705 296 86001 . 34 83196 82974 256 83205 25
38 170367 . 170147 220 170367 . 3805 137260 141018 47 141065 .
40 66182 . 66100 82 66171 11 10731 170211 180769 173 178863 2079
41 98979 . 98633 346 98979 . 103223 11896 98751 16368 115119 .
42 149568 1144 150564 148 122786 27926 57236 . 57236 . 56696 540

Total 1097007 2114 1095262 3859 985161 113960 183217 653239 819402 17054 799960 36496

No Feedback Feedback

Data Quality Table 29: Cleaned Analysis Sample
APP On/Off Sensor Status (Numbers of Records)

HPCS S/T Not Calib. Day Light HPCS S/T Not Calib. Day Light

U.S. study phase Data Quality Control 
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Driver 0 1 0 1 0 1 0 1
31 142315 . 137858 4457 136567 . 132581 3986
32 169520 . 166453 3067 88424 . 86884 1540
35 161237 . 159081 2156 15188 . 15007 181
36 53806 2 53045 763 18685 . 18274 411
37 86001 . 82810 3191 83230 . 79263 3967
38 170367 . 168092 2275 141065 . 139044 2021
40 66182 . 64287 1895 180942 . 175491 5451
41 98979 . 95441 3538 115119 . 111374 3745
42 150712 . 143958 6754 57236 . 55157 2079

Total 1099119 2 1071025 28096 836456 0 813075 23381

No Feedback Feedback

Data Quality Table 29: Cleaned Analysis Sample (Continued)
APP On/Off Sensor Status (Numbers of Records)

Memo Error Foot Brake Memo Error Foot Brake

U.S. study phase Data Quality Control 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 142315 59.0 5.5 60.0 30.0 73.0 136567 59.5 5.6 60.0 30.0 71.0
32 169520 59.7 5.6 61.0 30.0 71.0 88424 59.3 5.6 61.0 30.0 68.0
35 161237 58.4 5.3 59.0 30.0 74.0 15188 58.0 5.0 59.0 30.0 68.0
36 53808 60.0 5.5 61.0 30.0 71.0 18685 59.3 6.1 61.0 30.0 69.0
37 86001 61.8 6.4 64.0 30.0 72.0 83230 61.3 6.6 64.0 30.0 73.0
38 170367 60.8 5.4 62.0 30.0 72.0 141065 61.0 5.4 62.0 30.0 71.0
40 66182 62.2 6.5 64.0 30.0 79.0 180942 61.9 6.2 64.0 30.0 81.0
41 98979 60.5 6.9 63.0 30.0 77.0 115119 61.5 6.6 64.0 30.0 82.0
42 150712 58.6 7.1 62.0 30.0 71.0 57236 58.8 6.9 62.0 30.0 126.0

Total/Mean 956806 60.2 6.1 62.0 30.0 73.4 699889 60.1 6.1 62.1 30.0 79.8

No Feedback Feedback

Data Quality Table 30: Cleaned Analysis Sample
Vehicle Speed (converted to mph) (unweighted by record duration)

U.S. study phase Data Quality Control 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 142315 1458.1 99.6 1460.0 560.0 2020.0 136567 1473.7 106.4 1460.0 560.0 2000.0
32 169520 1499.5 99.3 1520.0 580.0 2080.0 88424 1488.4 105.1 1500.0 580.0 1940.0
35 161237 1470.6 87.9 1480.0 580.0 1920.0 15188 1455.7 86.5 1460.0 720.0 1860.0
36 53808 1511.5 81.1 1520.0 580.0 1980.0 18685 1503.3 92.7 1520.0 580.0 1840.0
37 86001 1539.9 100.2 1560.0 720.0 2060.0 83230 1526.0 111.3 1560.0 700.0 1940.0
38 170367 1506.5 82.6 1520.0 600.0 2120.0 141065 1510.7 78.7 1520.0 600.0 1940.0
40 66182 1531.7 115.3 1560.0 600.0 1940.0 180942 1526.1 110.3 1560.0 560.0 1940.0
41 98979 1507.1 122.4 1540.0 560.0 2020.0 115119 1531.1 118.4 1560.0 560.0 2160.0

Total/Mean 806094 1509.6 98.4 1528.6 602.9 2017.1 642653 1505.9 100.4 1525.7 614.3 1945.7

No Feedback Feedback

Data Quality Table 31: Cleaned Analysis Sample
Engine Rotation (unweighted by record duration)

U.S. study phase Data Quality Control 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
35 161237 0.028 0.047 0.030 -0.460 0.440 15188 0.029 0.043 0.030 -0.280 0.330
36 53808 -0.018 0.078 -0.030 -0.380 0.500 18685 -0.016 0.099 -0.040 -0.320 0.490
37 86001 0.093 0.046 0.090 -1.140 0.370 83230 0.088 0.046 0.090 -1.130 0.380
38 170367 -0.053 0.065 -0.050 -0.500 0.430 141065 -0.053 0.063 -0.050 -0.540 0.340
40 66182 0.076 0.045 0.080 -0.260 0.410 180942 0.072 0.046 0.070 -1.180 0.630
41 98979 -0.052 0.076 -0.050 -0.500 0.390 115119 0.010 0.086 0.020 -0.480 0.480

Total/Mean 475337 0.009 0.062 0.008 -0.556 0.420 539041 0.020 0.068 0.018 -0.730 0.464

No Feedback Feedback

Data Quality Table 32: Cleaned Analysis Sample
"X" Longitudinal Acceleration (unweighted by record duration)

U.S. study phase Data Quality Control 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
35 161237 -0.033 0.041 -0.030 -0.350 0.350 15188 -0.051 0.036 -0.050 -0.330 0.190
36 53808 0.068 0.068 0.060 -0.350 0.490 18685 0.080 0.099 0.060 -0.190 0.590
37 86001 0.045 0.047 0.040 -1.140 0.370 83230 0.045 0.046 0.040 -0.280 0.340
38 170367 0.062 0.047 0.060 -0.300 0.400 141065 0.063 0.049 0.060 -0.260 0.420
40 66182 0.041 0.052 0.040 -1.130 0.430 180942 0.036 0.052 0.030 -1.170 0.510
41 98979 0.061 0.055 0.060 -0.310 0.470 115119 0.062 0.048 0.060 -0.250 0.460

Total/Mean 475337 0.055 0.054 0.052 -0.646 0.432 539041 0.057 0.059 0.050 -0.430 0.464

No Feedback Feedback

Data Quality Table 33: Cleaned Analysis Sample
"Y" Lateral Acceleration (unweighted by record duration)

U.S. study phase Data Quality Control 
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Driver Equipment F/B 0 1 2 3 4 5 6 7 8 9 11 13 14 16 17 19 20 21 23 Sum of Record 
Durations

31 0 140058 5 277 204 523 315 1 . . 142 284 193 18 1 294 . 81:28:00
31 1 133264 . 420 238 1195 551 . 1 . 142 287 141 7 1 320 . 11:36
32 0 164115 7 650 434 189 15 1 . 24 103 284 471 2860 18 349 . 79:35:00
32 1 85965 . 280 178 109 9 . . . 84 132 86 1476 . 105 . 41:41:00
33 0 5836 . 11 12 . 2 . . . 4 9 3 88 . 4 . 2:25:01
33 1 14423 . 22 22 5 1 . . . 9 17 17 259 1 12 . 5:17:33
34 1 43311 3 65 37 135 55 3 . . 22 70 134 1167 . 65 . 22:54:00
35 0 157616 . 313 301 59 17 1 . . 156 248 139 2218 . 169 . 9:36:00
35 1 14880 . 20 22 3 1 . . . 20 27 14 186 . 15 . 8:25
36 0 52427 . 125 109 68 9 . . . 40 78 65 836 . 51 . 19:04
36 1 18146 4 37 34 17 4 . . . 10 34 101 253 1 44 . 8:35:23
37 0 82416 10 188 111 358 106 1 . . 70 144 364 2083 . 149 1 43:13:00
37 1 78485 8 136 79 149 78 . 2 6 57 180 262 3671 . 117 . 45:10:00
38 0 163975 . 632 279 2952 1536 22 . . 139 281 118 66 . 367 . 82:32:00
38 1 135094 2 648 298 1960 401 . . 3 130 265 146 2052 1 63 2 73:50:00
39 0 9517 1 26 13 69 31 . . . 5 12 41 161 . 22 . 4:02:56
39 1 1813 . 6 1 27 9 1 . . 2 4 1 17 . 1 . 0:54:00
40 0 63375 3 187 94 764 825 37 . . 38 91 134 573 . 61 . 28:55:00
40 1 173165 7 530 263 1843 2365 123 . . 109 245 285 1757 . 250 . 2:49:00
41 0 95853 5 221 153 553 829 39 . 10 41 137 373 626 1 136 . 20:40
41 1 52272 1 125 76 378 144 . . 2 10 80 257 6846 5 63 . 50:44:00
42 0 145106 1 418 227 406 86 9 8 44 105 218 209 3584 . 286 . 68:48:00
42 1 55234 . 163 117 113 19 1 . . 40 90 48 1307 . 104 . 26:08:00

Total 1886346 0 0 57 5500 3302 11875 7408 239 11 89 1478 3217 0 3602 32111 29 3047 3

Safe Track Event Types

Data Quality Table 34: Safe Track Events by Driver and Condition

U.S. study phase Data Quality Control 
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 0.50 0.71 4 3.25 0.96 5 1.20 1.10 3 2.67 2.08 . . . 1 1.00 .

2 3 2.00 1.73 2 4.00 5.66 . . . 3 1.33 2.31 8 2.88 3.40 1 8.00 .

4 11 0.45 0.69 9 0.22 0.44 . . . 8 0.50 0.76 8 0.13 0.35 . . .

5 4 0.50 1.00 9 0.33 0.50 10 0.10 0.32 3 1.67 1.15 7 0.71 1.50 3 0.33 0.58

6 3 1.67 0.58 7 0.71 0.76 1 1.00 . 4 1.75 2.87 9 0.56 1.01 . . .

7 8 0.75 0.46 9 0.56 0.73 3 1.33 0.58 7 1.00 1.41 10 0.70 1.06 2 0.00 0.00

8 9 0.00 0.00 6 0.00 0.00 1 0.00 . . . . . . . . . .

10 1 3.00 . 7 3.43 1.90 9 5.00 4.09 1 3.00 . 9 4.67 2.45 9 3.11 2.71

11 . . . 1 1.00 . 15 1.33 1.35 1 0.00 . 1 10.00 . 17 1.24 1.52

12 8 0.13 0.35 8 0.13 0.35 . . . 10 0.50 0.85 10 0.00 0.00 . . .

13 11 1.00 1.61 11 0.55 1.51 8 0.88 1.13 . . . 1 2.00 . . . .

15 6 8.00 7.24 5 2.40 3.91 2 11.50 13.44 5 18.80 4.09 3 4.33 2.89 1 4.00 .

17 9 3.44 2.40 4 2.25 2.63 2 1.00 1.41 8 4.50 3.21 1 5.00 . . . .

18 4 0.75 0.50 4 0.75 0.96 5 1.20 1.79 3 2.33 3.21 2 0.50 0.71 3 3.33 2.08

19 3 0.33 0.58 6 0.00 0.00 5 2.00 2.92 1 8.00 . 1 2.00 . 2 0.00 0.00

21 6 0.17 0.41 6 0.33 0.52 5 0.60 0.89 11 0.18 0.40 2 0.00 0.00 8 0.38 0.74

22 1 1.00 . . . . . . . 1 3.00 . 5 4.00 6.28 3 2.33 1.53

23 1 1.00 . 2 5.50 2.12 1 3.00 . 6 11.50 3.62 3 6.67 5.69 1 6.00 .

25 2 0.00 0.00 6 1.00 1.10 . . . 2 0.00 0.00 1 0.00 . 1 0.00 .

26 6 4.83 2.79 3 2.00 1.00 1 19.00 . 3 12.33 5.03 3 5.33 2.52 1 19.00 .

Sum/Mean 98 1.55 109 1.50 73 3.28 80 4.06 84 2.75 53 3.48

No Feedback

PVT Table 1: Descriptive Statistics by Driver, Time of Day, 
For PVT Response Variables: Raw 

Feedback
Day Evening NightDay Evening Night

Appendix D-1 
 Canada Study Phase 1 results from PVT Performance 
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 1.71 1.00 4 3.84 0.52 5 2.39 0.97 3 3.42 1.16 . . . 1 2.41 .

2 3 3.02 1.06 2 3.42 3.42 . . . 3 2.08 1.87 8 3.07 2.05 1 5.83 .

4 11 1.58 0.83 9 1.31 0.62 . . . 8 1.62 0.89 8 1.18 0.50 . . .

5 4 1.54 1.08 9 1.47 0.71 10 1.14 0.45 3 2.85 0.76 7 1.66 1.25 3 1.47 0.81

6 3 2.90 0.43 7 1.91 0.89 1 2.41 . 4 2.38 1.93 9 1.62 1.00 . . .

7 8 2.06 0.65 9 1.71 0.87 3 2.66 0.43 7 1.98 1.30 10 1.77 1.06 2 1.00 0.00

8 9 1.00 0.00 6 1.00 0.00 1 1.00 . . . . . . . . . .

10 1 3.73 . 7 3.74 1.34 9 4.41 1.68 1 3.73 . 9 4.31 1.47 9 3.58 1.30

11 . . . 1 2.41 . 15 2.38 1.17 1 1.00 . 1 6.48 . 17 2.28 1.18

12 8 1.18 0.50 8 1.18 0.50 . . . 10 1.57 0.94 10 1.00 0.00 . . .

13 11 1.97 1.29 11 1.46 1.15 8 1.96 1.11 . . . 1 3.15 . . . .

15 6 5.35 2.53 5 2.58 2.33 2 6.21 4.33 5 8.75 0.93 3 4.20 1.55 1 4.24 .

17 9 3.71 1.43 4 2.73 2.01 2 2.08 1.52 8 4.15 1.73 1 4.69 . . . .

18 4 2.06 0.71 4 1.89 1.07 5 2.08 1.53 3 2.84 2.08 2 1.71 1.00 3 3.78 1.21

19 3 1.47 0.81 6 1.00 0.00 5 2.61 1.85 1 5.83 . 1 3.15 . 2 1.00 0.00

21 6 1.24 0.58 6 1.47 0.73 5 1.71 1.01 11 1.26 0.57 2 1.00 0.00 8 1.45 0.85

22 1 2.41 . . . . . . . 1 3.73 . 5 3.35 2.81 3 3.27 0.92

23 1 2.41 . 2 4.86 0.87 1 3.73 . 6 6.85 1.12 3 5.06 2.12 1 5.10 .

25 2 1.00 0.00 6 2.08 1.18 . . . 2 1.00 0.00 1 1.00 . 1 1.00 .

26 6 4.44 1.36 3 3.10 0.66 1 8.83 . 3 7.06 1.47 3 4.75 1.05 1 8.83 .

Sum/Mean 98 2.36 109 2.27 73 3.04 80 3.45 84 2.95 53 3.23

No Feedback

PVT Table 2: Descriptive Statistics by Driver, Time of Day, 
PVT Response Variables: Transformed 

Feedback
Day Evening NightDay Evening Night

Canada Study Phase 1 PVT results 
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 270.00 11.31 4 314.88 29.54 5 291.90 19.07 3 289.00 13.11 . . . 1 256.00 .
2 3 235.83 7.15 2 236.50 21.21 . . . 3 240.17 4.75 8 244.38 14.16 1 252.00 .
4 11 226.18 5.29 9 224.39 8.86 . . . 8 233.63 10.28 8 224.38 8.07 . . .
5 4 222.38 5.12 9 220.22 5.49 10 221.90 8.95 3 224.67 10.41 7 224.50 14.01 3 232.33 5.86
6 3 288.33 22.09 7 261.93 9.94 1 236.00 . 4 266.63 14.36 9 261.56 14.40 . . .
7 8 228.44 9.48 9 229.78 7.56 3 247.33 17.90 7 228.64 9.89 10 231.15 16.33 2 233.00 29.70
8 9 221.06 7.19 6 220.17 9.87 1 228.00 . . . . . . . . . .

10 1 255.00 . 7 255.00 11.09 9 260.17 22.60 1 241.50 . 9 274.11 14.72 9 261.56 17.09
11 . . . 1 208.00 . 15 222.43 10.05 1 233.00 . 1 254.00 . 17 225.56 16.12
12 8 214.06 5.26 8 212.38 4.96 . . . 10 210.35 8.76 10 213.15 5.32 . . .
13 11 249.68 23.60 11 239.05 22.17 8 264.13 21.19 . . . 1 241.50 . . . .
15 6 264.00 40.59 5 247.00 39.73 2 296.00 63.64 5 330.80 17.47 3 293.33 29.02 1 320.00 .
17 9 277.61 27.24 4 280.75 21.02 2 274.25 0.35 8 292.50 13.76 1 288.00 . . . .
18 4 214.75 15.63 4 230.50 11.56 5 233.30 12.14 3 209.83 10.75 2 224.50 9.90 3 224.50 11.17
19 3 235.33 13.01 6 246.50 8.80 5 273.70 27.67 1 278.00 . 1 272.50 . 2 277.00 4.24
21 6 224.08 19.80 6 226.00 14.75 5 245.40 29.03 11 233.73 22.90 2 234.25 41.37 8 228.00 33.36
22 1 274.50 . . . . . . . 1 282.00 . 5 289.70 45.44 3 278.17 13.55
23 1 301.50 . 2 288.25 15.91 1 281.00 . 6 330.00 15.86 3 310.00 28.83 1 320.00 .
25 2 204.00 4.24 6 213.25 20.66 . . . 2 212.00 1.41 1 210.00 . 1 234.00 .
26 6 291.25 20.62 3 257.50 38.46 1 331.00 . 3 313.67 21.22 3 287.17 16.54 1 335.00 .

Sum/Mean 98 247.26 109 242.74 73 260.43 80 258.34 84 254.34 53 262.65

No Feedback

PVT Table 3: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Median Response Time

Feedback
Day Evening NightDay Evening Night

Canada Study Phase 1 PVT 
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 217.61 9.66 4 245.79 11.70 5 228.43 16.47 3 233.54 12.21 . . . 1 206.80 .
2 3 196.43 4.58 2 189.78 9.59 . . . 3 197.30 5.87 8 199.74 7.05 1 201.67 .
4 11 195.58 3.83 9 194.77 7.07 . . . 8 198.25 7.19 8 192.98 6.02 . . .
5 4 188.13 4.24 9 187.97 5.80 10 189.50 6.09 3 191.26 8.37 7 186.30 9.35 3 196.47 3.83
6 3 227.26 16.15 7 211.34 10.98 1 193.70 . 4 220.03 8.43 9 208.20 10.00 . . .
7 8 195.81 6.44 9 195.41 6.94 3 207.81 7.19 7 189.63 6.94 10 186.92 11.39 2 184.14 18.02
8 9 187.55 5.25 6 183.81 6.11 1 200.89 . . . . . . . . . .

10 1 210.89 . 7 195.82 4.83 9 198.13 7.71 1 192.89 . 9 198.04 8.01 9 202.87 8.95
11 . . . 1 161.89 . 15 181.06 9.93 1 184.33 . 1 205.00 . 17 178.64 10.98
12 8 184.50 4.21 8 180.72 3.38 . . . 10 185.60 8.08 10 187.51 5.49 . . .
13 11 198.09 15.53 11 192.89 11.17 8 202.48 14.25 . . . 1 192.78 . . . .
15 6 200.60 23.99 5 194.17 20.87 2 210.86 17.87 5 222.97 21.46 3 222.20 19.16 1 249.78 .
17 9 224.79 17.99 4 223.31 17.76 2 219.52 1.52 8 233.72 8.20 1 235.67 . . . .
18 4 175.50 7.12 4 183.66 6.93 5 187.73 12.05 3 169.59 6.81 2 188.89 18.38 3 183.14 7.42
19 3 192.56 10.92 6 194.25 6.36 5 211.66 17.07 1 226.44 . 1 214.70 . 2 201.65 4.74
21 6 192.96 12.26 6 196.09 8.52 5 205.11 11.37 11 194.72 10.75 2 193.22 20.27 8 191.09 14.52
22 1 215.20 . . . . . . . 1 218.70 . 5 218.02 9.18 3 215.64 6.73
23 1 225.40 . 2 198.67 17.29 1 204.11 . 6 249.28 9.42 3 222.60 11.89 1 241.44 .
25 2 174.26 4.45 6 176.43 11.28 . . . 2 183.85 4.74 1 173.44 . 1 189.11 .
26 6 225.54 8.85 3 207.07 27.65 1 253.67 . 3 241.70 6.85 3 226.51 5.47 1 245.22 .

Sum/Mean 98 201.51 109 195.47 73 206.31 80 207.43 84 202.93 53 206.26

No Feedback

PVT Table 4: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Mean 10% Fastest Response Times

Feedback
Day Evening NightDay Evening Night

Canada Study Phase 1 PVT 
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 2.60 0.06 4 2.09 0.18 5 2.43 0.35 3 2.18 0.23 . . . 1 2.83 .
2 3 2.70 0.35 2 2.21 1.18 . . . 3 2.73 0.59 8 2.49 0.72 1 1.56 .
4 11 3.40 0.20 9 3.57 0.25 . . . 8 3.34 0.34 8 3.60 0.20 . . .
5 4 2.89 0.29 9 3.06 0.29 10 3.04 0.25 3 2.68 0.40 7 2.90 0.51 3 2.94 0.11
6 3 2.23 0.19 7 2.59 0.21 1 2.76 . 4 2.64 0.52 9 2.71 0.21 . . .
7 8 3.12 0.31 9 3.07 0.45 3 2.75 0.35 7 3.06 0.59 10 3.03 0.37 2 3.24 0.47
8 9 3.14 0.12 6 3.27 0.30 1 3.05 . . . . . . . . . .

10 1 1.96 . 7 2.19 0.29 9 2.00 0.42 1 2.16 . 9 1.95 0.20 9 2.18 0.27
11 . . . 1 3.09 . 15 2.82 0.39 1 3.10 . 1 1.58 . 17 2.77 0.37
12 8 3.48 0.25 8 3.58 0.33 . . . 10 3.55 0.34 10 3.57 0.27 . . .
13 11 2.75 0.50 11 2.95 0.54 8 2.52 0.25 . . . 1 2.14 . . . .
15 6 1.78 0.88 5 2.69 0.80 2 1.56 1.10 5 0.88 0.19 3 1.82 0.59 1 1.99 .
17 9 2.08 0.53 4 2.29 0.56 2 2.41 0.30 8 1.88 0.40 1 1.89 . . . .
18 4 3.05 0.50 4 2.80 0.30 5 2.96 0.67 3 2.80 1.09 2 3.22 0.59 3 2.39 0.43
19 3 2.90 0.37 6 2.98 0.27 5 2.58 0.73 1 1.53 . 1 2.36 . 2 2.68 0.06
21 6 3.42 0.40 6 3.28 0.43 5 2.70 0.35 11 3.09 0.37 2 3.23 0.74 8 3.23 0.67
22 1 2.54 . . . . . . . 1 2.20 . 5 2.11 0.68 3 2.37 0.09
23 1 2.24 . 2 1.87 0.38 1 2.15 . 6 1.33 0.28 3 1.75 0.53 1 1.23 .
25 2 3.56 0.59 6 3.17 0.69 . . . 2 3.30 0.05 1 3.67 . 1 2.97 .
26 6 1.97 0.52 3 2.37 0.20 1 1.30 . 3 1.12 0.44 3 1.75 0.06 1 1.36 .

Sum/Mean 98 2.73 109 2.80 73 2.47 80 2.42 84 2.54 53 2.41

No Feedback

PVT Table 5: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Mean 10% Slowest of Reciprocal Response Times

Feedback
Day Evening NightDay Evening Night

Canada Study Phase 1 PVT 
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 1.50 2.12 4 5.00 5.83 5 5.00 10.07 3 3.00 2.65 . . . 1 0.00 .
2 3 3.00 2.65 2 10.00 7.07 . . . 3 3.67 2.31 8 4.75 1.67 1 3.00 .
4 11 0.45 0.69 9 0.33 0.50 . . . 8 0.13 0.35 8 0.25 0.46 . . .
5 4 2.75 1.50 9 5.00 4.00 10 3.90 3.60 3 8.33 4.73 7 6.14 3.80 3 3.67 1.15
6 3 1.67 1.15 7 0.86 0.69 1 1.00 . 4 0.50 0.58 9 1.33 1.00 . . .
7 8 0.75 0.71 9 1.56 2.19 3 0.67 1.15 7 1.57 1.40 10 1.60 1.84 2 4.00 1.41
8 9 1.11 0.93 6 3.00 1.10 1 0.00 . . . . . . . . . .

10 1 0.00 . 7 2.14 0.90 9 2.56 2.24 1 4.00 . 9 4.33 1.87 9 3.00 1.41
11 . . . 1 4.00 . 15 1.80 1.01 1 4.00 . 1 5.00 . 17 1.88 1.62
12 8 0.50 0.76 8 0.38 0.52 . . . 10 0.40 0.70 10 0.30 0.48 . . .
13 11 1.18 0.98 11 1.18 1.60 8 1.25 1.04 . . . 1 0.00 . . . .
15 6 1.17 0.98 5 3.40 1.82 2 1.50 2.12 5 1.60 1.82 3 3.00 2.00 1 0.00 .
17 9 2.00 4.53 4 0.50 0.58 2 0.50 0.71 8 0.38 0.74 1 0.00 . . . .
18 4 4.00 1.41 4 3.25 2.22 5 4.00 1.87 3 12.67 10.79 2 4.00 1.41 3 4.33 2.08
19 3 7.00 3.00 6 8.17 4.22 5 7.40 8.88 1 10.00 . 1 4.00 . 2 5.00 2.83
21 6 0.67 1.21 6 0.50 0.84 5 0.80 0.84 11 0.55 0.93 2 0.50 0.71 8 0.25 0.46
22 1 0.00 . . . . . . . 1 2.00 . 5 0.40 0.55 3 1.00 0.00
23 1 3.00 . 2 21.50 23.33 1 12.00 . 6 4.50 3.62 3 7.00 5.20 1 12.00 .
25 2 8.50 3.54 6 9.17 6.62 . . . 2 2.00 0.00 1 3.00 . 1 1.00 .
26 6 1.17 1.47 3 5.33 4.16 1 0.00 . 3 2.00 2.00 3 1.67 1.53 1 1.00 .

Sum/Mean 98 2.13 109 4.49 73 2.82 80 3.40 84 2.63 53 2.87

No Feedback

PVT Table 6: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Total Response Errors

Feedback
Day Evening NightDay Evening Night

Canada Study Phase 1 PVT 
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 -0.041 0.017 4 0.007 0.047 5 -0.014 0.019 3 -0.014 0.011 . . . 1 0.050 .
2 3 -0.084 0.011 2 -0.101 0.067 . . . 3 -0.053 0.028 8 -0.060 0.069 1 -0.084 .
4 11 -0.039 0.036 9 -0.045 0.032 . . . 8 -0.067 0.022 8 -0.044 0.035 . . .
5 4 -0.040 0.049 9 -0.030 0.030 10 -0.043 0.017 3 -0.032 0.028 7 -0.003 0.068 3 -0.007 0.024
6 3 0.006 0.071 7 -0.013 0.042 1 -0.055 . 4 -0.034 0.040 9 0.000 0.040 . . .
7 8 -0.016 0.048 9 -0.032 0.027 3 -0.038 0.029 7 -0.038 0.038 10 -0.049 0.047 2 -0.086 0.031
8 9 0.003 0.030 6 -0.001 0.025 1 0.028 . . . . . . . . . .

10 1 0.060 . 7 -0.007 0.040 9 -0.011 0.021 1 -0.002 . 9 -0.054 0.058 9 -0.020 0.034
11 . . . 1 -0.027 . 15 -0.027 0.045 1 -0.069 . 1 0.058 . 17 -0.039 0.045
12 8 -0.044 0.015 8 -0.029 0.031 . . . 10 -0.022 0.044 10 -0.018 0.028 . . .
13 11 -0.056 0.050 11 0.000 0.053 8 -0.017 0.040 . . . 1 -0.080 . . . .
15 6 -0.064 0.108 5 -0.035 0.049 2 0.001 0.056 5 -0.057 0.133 3 -0.054 0.026 1 0.031 .
17 9 -0.015 0.053 4 -0.072 0.020 2 -0.071 0.039 8 -0.036 0.021 1 -0.010 . . . .
18 4 -0.015 0.044 4 -0.010 0.038 5 -0.083 0.027 3 -0.078 0.132 2 -0.028 0.007 3 -0.097 0.058
19 3 -0.035 0.060 6 -0.057 0.065 5 -0.091 0.026 1 -0.008 . 1 -0.093 . 2 -0.087 0.098
21 6 -0.059 0.016 6 -0.024 0.050 5 -0.049 0.039 11 -0.035 0.053 2 -0.049 0.013 8 -0.052 0.028
22 1 -0.076 . . . . . . . 1 -0.044 . 5 -0.064 0.044 3 -0.009 0.021
23 1 -0.033 . 2 0.025 0.030 1 -0.030 . 6 -0.003 0.084 3 0.014 0.043 1 0.045 .
25 2 -0.021 0.010 6 -0.056 0.076 . . . 2 -0.005 0.030 1 -0.031 . 1 -0.125 .
26 6 -0.034 0.053 3 -0.052 0.050 1 -0.141 . 3 -0.089 0.077 3 -0.117 0.023 1 -0.080 .

Sum/Mean 98 -0.032 109 -0.029 73 -0.043 80 -0.038 84 -0.038 53 -0.040

No Feedback

PVT Table 7: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables:  PVT Slope of the Reciprocal Response Time Curve

Feedback
Day Evening NightDay Evening Night

Canada Study Phase 1 PVT 
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 278.51 11.70 4 328.94 28.12 5 300.91 22.79 3 306.51 12.07 . . . 1 263.57 .
2 3 254.41 12.81 2 275.77 59.26 . . . 3 256.17 18.63 8 267.75 27.00 1 296.98 .
4 11 232.50 5.14 9 229.28 9.26 . . . 8 238.85 12.49 8 227.99 7.80 . . .
5 4 237.77 4.42 9 232.35 4.88 10 234.09 9.98 3 246.63 18.32 7 241.23 20.59 3 244.55 4.40
6 3 307.04 16.78 7 275.92 13.32 1 252.06 . 4 279.07 22.69 9 271.49 14.32 . . .
7 8 238.28 11.17 9 242.66 13.66 3 259.93 19.46 7 240.11 17.81 10 242.24 16.84 2 237.78 32.71
8 9 230.98 7.80 6 227.87 10.49 1 239.45 . . . . . . . . . .

10 1 315.30 . 7 281.00 13.74 9 297.73 33.03 1 281.82 . 9 300.81 12.46 9 286.29 21.65
11 . . . 1 219.73 . 15 239.23 14.76 1 239.57 . 1 305.42 . 17 242.36 22.87
12 8 221.20 6.94 8 218.92 8.38 . . . 10 219.00 12.46 10 220.29 7.83 . . .
13 11 261.03 27.55 11 250.45 25.96 8 275.07 22.30 . . . 1 265.85 . . . .
15 6 320.28 78.22 5 264.68 49.18 2 367.56 138.76 5 453.08 46.25 3 339.42 34.07 1 341.23 .
17 9 308.97 37.35 4 301.59 32.48 2 289.59 7.71 8 325.33 24.15 1 319.22 . . . .
18 4 228.30 17.63 4 244.86 10.94 5 245.54 27.85 3 238.94 42.96 2 236.56 21.09 3 256.49 13.98
19 3 246.79 19.18 6 253.43 10.67 5 283.84 39.50 1 325.34 . 1 286.35 . 2 277.38 2.91
21 6 230.74 19.99 6 234.93 17.17 5 260.15 27.86 11 241.93 22.46 2 240.60 42.86 8 237.04 36.19
22 1 286.56 . . . . . . . 1 319.48 . 5 322.65 72.77 3 289.51 13.85
23 1 312.20 . 2 316.96 30.70 1 295.10 . 6 389.52 28.75 3 341.87 49.11 1 496.62 .
25 2 211.22 2.25 6 227.91 32.84 . . . 2 222.44 0.41 1 212.19 . 1 243.67 .
26 6 322.65 35.79 3 279.76 36.02 1 421.55 . 3 409.65 75.51 3 331.82 9.39 1 392.17 .

Sum/Mean 98 265.51 109 258.26 73 284.12 80 290.75 84 276.32 53 293.26

No Feedback

PVT Table 8: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables:  Grand Mean Response Time

Feedback
Day Evening NightDay Evening Night

Canada Study Phase 1 PVT 
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 51.22 1.97 4 78.47 17.34 5 63.03 22.08 3 75.93 23.52 . . . 1 55.02 .
2 3 85.42 26.49 2 155.73 157.72 . . . 3 63.55 43.19 8 96.41 65.17 1 160.26 .
4 11 40.90 21.70 9 30.92 11.50 . . . 8 40.44 24.47 8 27.36 6.65 . . .
5 4 62.57 36.18 9 45.00 11.80 10 43.11 8.37 3 88.37 32.90 7 68.72 60.36 3 50.00 8.51
6 3 95.85 35.92 7 65.24 21.30 1 60.32 . 4 57.71 34.12 9 54.91 21.53 . . .
7 8 50.44 16.27 9 66.47 50.96 3 56.20 9.98 7 58.39 43.38 10 64.81 45.12 2 38.60 8.22
8 9 39.36 3.19 6 37.15 7.37 1 39.54 . . . . . . . . . .

10 1 268.30 . 7 110.31 57.41 9 151.90 69.27 1 150.30 . 9 106.34 30.55 9 102.41 43.01
11 . . . 1 79.78 . 15 71.89 27.98 1 39.14 . 1 170.49 . 17 71.13 27.71
12 8 32.90 6.86 8 35.79 25.38 . . . 10 41.90 23.59 10 28.28 7.54 . . .
13 11 55.51 20.89 11 51.93 34.38 8 59.72 8.04 . . . 1 96.80 . . . .
15 6 200.03 116.78 5 63.10 36.74 2 204.81 188.78 5 354.30 110.91 3 213.53 169.21 1 108.65 .
17 9 129.78 73.75 4 90.12 52.41 2 78.27 42.13 8 138.51 51.78 1 100.94 . . . .
18 4 53.96 16.96 4 70.87 36.38 5 67.99 55.85 3 113.17 113.53 2 61.29 45.62 3 144.81 77.43
19 3 48.41 13.41 6 42.32 9.64 5 62.73 36.09 1 160.49 . 1 68.57 . 2 49.19 6.77
21 6 32.87 10.56 6 42.44 15.89 5 53.90 14.68 11 41.96 12.15 2 36.12 15.63 8 39.91 17.83
22 1 58.61 . . . . . . . 1 265.97 . 5 168.42 133.48 3 78.13 19.93
23 1 63.82 . 2 150.23 78.07 1 80.84 . 6 195.42 56.70 3 143.51 83.48 1 1149.95 .
25 2 33.59 16.60 6 70.30 69.38 . . . 2 36.40 1.89 1 28.59 . 1 47.62 .
26 6 126.93 61.23 3 98.06 20.86 1 352.84 . 3 333.30 172.39 3 167.73 98.79 1 158.46 .

Sum/Mean 98 80.55 109 72.85 73 96.47 80 125.29 84 94.60 53 161.01

No Feedback

PVT Table 9: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Standard Deviation of Response Times

Feedback
Day Evening NightDay Evening Night

Canada Study Phase 1 PVT 
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 0.167 0.013 4 0.177 0.085 5 0.133 0.055 3 0.220 0.057 . . . 1 0.138 .
2 3 0.229 0.086 2 0.264 0.023 . . . 3 0.227 0.054 8 0.205 0.083 1 0.281 .
4 11 0.160 0.052 9 0.154 0.052 . . . 8 0.125 0.038 8 0.127 0.049 . . .
5 4 0.247 0.049 9 0.253 0.079 10 0.278 0.065 3 0.249 0.003 7 0.248 0.070 3 0.245 0.042
6 3 0.198 0.043 7 0.209 0.037 1 0.266 . 4 0.197 0.071 9 0.182 0.065 . . .
7 8 0.191 0.044 9 0.193 0.051 3 0.221 0.071 7 0.176 0.042 10 0.164 0.040 2 0.119 0.053
8 9 0.250 0.037 6 0.202 0.077 1 0.290 . . . . . . . . . .

10 1 0.225 . 7 0.243 0.055 9 0.254 0.049 1 0.268 . 9 0.247 0.056 9 0.235 0.072
11 . . . 1 0.147 . 15 0.224 0.070 1 0.168 . 1 0.302 . 17 0.235 0.061
12 8 0.211 0.067 8 0.179 0.056 . . . 10 0.217 0.060 10 0.240 0.069 . . .
13 11 0.197 0.076 11 0.196 0.115 8 0.182 0.086 . . . 1 0.252 . . . .
15 6 0.253 0.062 5 0.260 0.064 2 0.314 0.078 5 0.341 0.066 3 0.199 0.032 1 0.195 .
17 9 0.230 0.060 4 0.221 0.028 2 0.197 0.003 8 0.228 0.054 1 0.309 . . . .
18 4 0.234 0.083 4 0.209 0.110 5 0.121 0.125 3 0.237 0.054 2 0.178 0.049 3 0.210 0.030
19 3 0.225 0.064 6 0.158 0.090 5 0.097 0.162 1 0.295 . 1 0.202 . 2 0.010 0.028
21 6 0.202 0.060 6 0.219 0.080 5 0.281 0.075 11 0.200 0.088 2 0.184 0.038 8 0.234 0.050
22 1 0.206 . . . . . . . 1 0.141 . 5 0.192 0.043 3 0.137 0.058
23 1 0.168 . 2 0.192 0.001 1 0.174 . 6 0.301 0.036 3 0.203 0.080 1 0.154 .
25 2 0.191 0.100 6 0.221 0.049 . . . 2 0.286 0.013 1 0.077 . 1 0.203 .
26 6 0.229 0.072 3 0.234 0.068 1 0.257 . 3 0.279 0.049 3 0.285 0.066 1 0.361 .

Sum/Mean 98 0.211 109 0.207 73 0.219 80 0.231 84 0.211 53 0.197

No Feedback

PVT Table 10: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Distribution Asymmetry

Feedback
Day Evening NightDay Evening Night
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 0.00 0.00 4 0.00 0.00 5 0.00 0.00 3 0.00 0.00 . . . 1 0.00 .
2 3 0.00 0.00 2 0.00 0.00 . . . 3 0.00 0.00 8 0.00 0.00 1 0.00 .
4 11 0.00 0.00 9 0.00 0.00 . . . 8 0.00 0.00 8 0.00 0.00 . . .
5 4 0.00 0.00 9 0.00 0.00 10 0.00 0.00 3 0.00 0.00 7 0.00 0.00 3 0.00 0.00
6 3 0.00 0.00 7 0.00 0.00 1 0.00 . 4 0.00 0.00 9 0.00 0.00 . . .
7 8 0.00 0.00 9 0.00 0.00 3 0.00 0.00 7 0.00 0.00 10 0.00 0.00 2 0.00 0.00
8 9 0.00 0.00 6 0.00 0.00 1 0.00 . . . . . . . . . .

10 1 0.00 . 7 0.00 0.00 9 0.00 0.00 1 0.00 . 9 0.00 0.00 9 0.00 0.00
11 . . . 1 0.00 . 15 0.00 0.00 1 0.00 . 1 0.00 . 17 0.00 0.00
12 8 0.00 0.00 8 0.00 0.00 . . . 10 0.00 0.00 10 0.00 0.00 . . .
13 11 0.00 0.00 11 0.00 0.00 8 0.00 0.00 . . . 1 0.00 . . . .
15 6 0.00 0.00 5 0.00 0.00 2 0.00 0.00 5 0.00 0.00 3 0.00 0.00 1 0.00 .
17 9 0.00 0.00 4 0.00 0.00 2 0.00 0.00 8 0.00 0.00 1 0.00 . . . .
18 4 0.00 0.00 4 0.00 0.00 5 0.00 0.00 3 0.00 0.00 2 0.00 0.00 3 0.00 0.00
19 3 0.00 0.00 6 0.00 0.00 5 0.00 0.00 1 0.00 . 1 0.00 . 2 0.00 0.00
21 6 0.00 0.00 6 0.00 0.00 5 0.00 0.00 11 0.00 0.00 2 0.00 0.00 8 0.00 0.00
22 1 0.00 . . . . . . . 1 0.00 . 5 0.00 0.00 3 0.00 0.00
23 1 0.00 . 2 0.00 0.00 1 0.00 . 6 0.00 0.00 3 0.00 0.00 1 0.00 .
25 2 0.00 0.00 6 0.00 0.00 . . . 2 0.00 0.00 1 0.00 . 1 0.00 .
26 6 0.00 0.00 3 0.00 0.00 1 0.00 . 3 0.00 0.00 3 0.00 0.00 1 0.00 .

Sum/Mean 98 0.00 109 0.00 73 0.00 80 0.00 84 0.00 53 0.00

No Feedback

PVT Table 11: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: No R for 30s

Feedback
Day Evening NightDay Evening Night

Canada Study Phase 1 PVT 
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 Canada Study Phase 1 PVT 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 7.00 0.00 4 5.25 6.65 5 10.20 2.49 3 8.33 0.58 . . . 1 8.00 .
2 3 8.00 5.29 2 8.50 2.12 . . . 3 7.33 6.81 8 6.25 4.43 1 6.00 .
4 11 8.00 4.73 9 9.33 5.61 . . . 8 9.88 3.91 8 7.38 2.62 . . .
5 4 6.00 0.00 9 5.89 0.78 10 6.00 0.00 3 4.00 3.46 7 3.00 1.41 3 2.33 0.58
6 3 12.00 3.00 7 6.57 4.08 1 6.00 . 4 9.00 0.82 9 7.22 3.11 . . .
7 8 4.00 2.33 9 5.67 2.06 3 9.00 0.00 7 4.43 2.51 10 7.10 2.13 2 9.50 0.71
8 9 3.44 1.42 6 6.83 1.72 1 8.00 . . . . . . . . . .

10 1 1.00 . 7 8.57 0.53 9 5.89 0.33 1 6.00 . 9 8.33 2.83 9 6.00 0.00
11 . . . 1 5.00 . 15 6.00 1.46 1 5.00 . 1 5.00 . 17 5.29 1.49
12 8 6.38 1.51 8 4.50 2.78 . . . 10 6.50 1.27 10 6.50 0.71 . . .
13 11 4.82 1.54 11 5.36 1.36 8 8.88 0.99 . . . 1 4.00 . . . .
15 6 5.00 2.37 5 7.80 2.77 2 9.00 1.41 5 3.60 1.52 3 5.67 1.53 1 10.00 .
17 9 0.56 0.73 4 3.25 3.77 2 0.00 0.00 8 0.00 0.00 1 0.00 . . . .
18 4 3.25 2.75 4 6.75 0.96 5 6.00 0.71 3 2.33 3.21 2 4.00 2.83 3 3.33 3.06
19 3 7.00 5.20 6 7.67 1.63 5 10.00 0.00 1 6.00 . 1 6.00 . 2 8.00 2.83
21 6 5.67 2.73 6 5.33 2.80 5 6.20 2.77 11 7.36 2.11 2 6.50 0.71 8 5.38 2.83
22 1 8.00 . . . . . . . 1 8.00 . 5 8.00 1.41 3 6.67 0.58
23 1 7.00 . 2 7.50 2.12 1 10.00 . 6 6.67 3.44 3 8.67 1.53 1 10.00 .
25 2 2.50 0.71 6 7.50 2.17 . . . 2 1.00 0.00 1 6.00 . 1 10.00 .
26 6 7.83 2.93 3 7.67 1.53 1 10.00 . 3 7.67 4.04 3 6.67 3.51 1 8.00 .

Sum/Mean 98 5.65 109 6.58 73 7.41 80 5.73 84 5.90 53 7.04

No Feedback

PVT Table 12: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Post-PVT Sleepiness Rating (VAS)

Feedback

Day Evening NightDay Evening Night
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Canada Study Phase 1 PVT 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
1 2 10.50 4.95 4 8.00 5.23 5 7.60 3.51 3 6.33 6.81 . . . 1 9.00 .
2 3 12.33 2.08 2 7.00 5.66 . . . 3 12.00 0.00 8 8.63 5.95 1 0.00 .
4 11 12.55 1.04 9 10.00 5.00 . . . 8 13.00 1.20 8 10.38 3.85 . . .
5 4 6.25 2.50 9 5.44 2.83 10 5.80 2.66 3 2.33 0.58 7 2.57 0.53 3 2.00 0.00
6 3 6.67 3.21 7 6.29 3.30 1 15.00 . 4 7.00 0.82 9 5.89 3.06 . . .
7 8 3.25 1.91 9 5.78 2.11 3 8.67 0.58 7 4.43 2.51 10 6.60 1.78 2 9.50 0.71
8 9 3.00 0.50 6 6.17 1.83 1 8.00 . . . . . . . . . .

10 1 1.00 . 7 8.57 0.53 9 5.89 0.60 1 6.00 . 9 9.00 0.87 9 6.00 0.00
11 . . . 1 3.00 . 15 4.53 1.68 1 5.00 . 1 4.00 . 17 4.53 1.18
12 8 3.75 2.05 8 5.00 2.20 . . . 10 4.30 2.06 10 4.90 1.60 . . .
13 11 4.18 1.33 11 5.18 1.33 8 8.13 0.83 . . . 1 4.00 . . . .
15 6 5.17 2.32 5 7.60 2.07 2 9.00 1.41 5 4.00 1.41 3 5.33 2.08 1 1.00 .
17 9 1.00 1.94 4 0.50 0.58 2 0.00 0.00 8 0.00 0.00 1 0.00 . . . .
18 4 2.00 1.63 4 4.75 2.06 5 7.00 1.00 3 1.00 1.00 2 3.00 1.41 3 2.00 1.73
19 3 6.67 4.93 6 7.50 1.52 5 8.60 1.14 1 6.00 . 1 6.00 . 2 8.00 2.83
21 6 5.00 2.28 6 4.67 2.80 5 5.80 2.95 11 6.91 2.17 2 5.00 2.83 8 5.25 2.55
22 1 8.00 . . . . . . . 1 4.00 . 5 6.60 1.34 3 6.33 0.58
23 1 7.00 . 2 8.00 1.41 1 9.00 . 6 7.50 1.05 3 7.67 2.08 1 6.00 .
25 2 2.00 0.00 6 7.83 2.04 . . . 2 1.00 0.00 1 6.00 . 1 10.00 .
26 6 6.00 4.15 3 6.33 0.58 1 10.00 . 3 9.00 1.00 3 3.33 2.52 1 6.00 .

Sum/Mean 98 5.60 109 6.19 73 7.53 80 5.54 84 5.49 53 5.40

No Feedback

PVT  Table 13: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Pre-PVT Sleepiness Rating (VAS)

Feedback
Day Evening NightDay Evening Night
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 Appendix D-2 
 U.S. Study Phase 2 results from PVT Performance 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 1.00 . 1 0.00 . 17 0.24 0.44 . . . . . . 16 0.06 0.25
32 2 2.50 0.71 1 2.00 . 15 2.27 2.19 2 5.50 3.54 . . . 18 4.33 3.41
33 2 1.00 0.00 1 0.00 . 16 0.50 0.63 1 0.00 . . . . 19 0.37 0.68
34 . . . 1 1.00 . 15 1.13 1.88 . . . . . . 17 7.53 6.93
35 2 1.50 2.12 . . . 18 0.44 0.62 . . . . . . 17 5.53 5.42
36 1 6.00 . . . . 18 3.61 3.84 . . . . . . 18 3.28 2.72
37 . . . . . . 20 0.85 1.04 . . . 1 3.00 . 17 1.65 1.00
38 1 3.00 . . . . 18 4.06 4.22 . . . . . . 18 3.06 2.55
39 8 1.75 2.05 3 0.00 0.00 9 2.11 4.40 9 2.11 2.03 1 0.00 . 8 0.00 0.00
40 7 8.71 5.06 3 0.67 1.15 9 12.67 13.42 8 12.25 5.34 1 18.00 . 10 19.60 10.67
41 5 5.60 8.17 1 2.00 . 13 7.62 8.53 4 16.75 22.54 . . . 8 6.38 10.38
42 8 6.63 4.34 1 1.00 . 10 2.50 3.27 8 7.25 7.85 . . . 8 2.75 1.91

Sum/Mean 37 3.77 12 0.83 178 3.17 32 7.31 3 7.00 174 4.54

No Feedback

PVT Table 1: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Raw Lapses

Feedback
Day Evening NightDay Evening Night

U.S. Study Phase 2 PVT results 
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U.S. Study Phase 2 PVT results 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 2.41 . 1 1.00 . 17 1.33 0.62 . . . . . . 16 1.09 0.35
32 2 3.44 0.41 1 3.15 . 15 2.95 1.47 2 4.78 1.48 . . . 18 4.12 1.53
33 2 2.41 0.00 1 1.00 . 16 1.66 0.80 1 1.00 . . . . 19 1.45 0.80
34 . . . 1 2.41 . 15 2.05 1.37 . . . . . . 17 5.20 2.30
35 2 2.37 1.93 . . . 18 1.59 0.78 . . . . . . 17 4.19 2.58
36 1 5.10 . . . . 18 3.53 1.98 . . . . . . 18 3.57 1.53
37 . . . . . . 20 1.95 1.04 . . . 1 3.73 . 17 2.77 0.85
38 1 3.73 . . . . 18 3.82 1.91 . . . . . . 18 3.43 1.53
39 8 2.57 1.50 3 1.00 0.00 9 2.27 2.27 9 2.89 1.42 1 1.00 . 8 1.00 0.00
40 7 5.81 1.88 3 1.72 1.24 9 5.86 4.50 8 7.00 1.50 1 8.60 . 10 8.63 2.57
41 5 4.12 3.00 1 3.15 . 13 4.79 3.16 4 7.02 5.11 . . . 8 4.07 3.47
42 8 5.11 1.64 1 2.41 . 10 3.06 1.64 8 4.62 3.27 . . . 8 3.47 0.98

Sum/Mean 37 3.71 12 1.98 178 2.90 32 4.55 3 4.44 174 3.58

No Feedback

PVT Table 2: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Transformed Lapses

Feedback
Day Evening NightDay Evening Night
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U.S. Study Phase 2 PVT results 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 236.00 . 1 247.50 . 17 234.88 7.58 . . . . . . 16 229.53 6.97
32 2 253.50 1.41 1 276.00 . 15 257.73 15.76 2 283.25 11.67 . . . 18 277.92 18.50
33 2 257.50 7.78 1 253.00 . 16 247.50 12.01 1 248.50 . . . . 19 241.97 9.71
34 . . . 1 227.00 . 15 223.47 11.74 . . . . . . 17 270.09 34.16
35 2 290.25 33.59 . . . 18 256.33 19.11 . . . . . . 17 298.79 17.68
36 1 320.00 . . . . 18 252.64 23.22 . . . . . . 18 262.25 24.92
37 . . . . . . 20 227.83 12.64 . . . 1 233.50 . 17 232.82 14.01
38 1 272.00 . . . . 18 252.36 26.74 . . . . . . 18 256.89 17.80
39 8 257.19 12.01 3 214.67 2.31 9 239.39 21.20 9 266.06 20.54 1 209.00 . 8 230.19 10.16
40 7 262.43 16.43 3 218.33 1.04 9 271.39 59.31 8 285.88 21.03 1 327.00 . 10 318.50 33.31
41 5 236.00 34.15 1 231.00 . 13 255.85 50.51 4 315.00 158.47 . . . 8 247.38 51.06
42 8 246.50 29.46 1 202.00 . 10 204.00 11.12 8 257.94 40.41 . . . 8 223.19 18.40

Sum/Mean 37 263.14 12 233.69 178 243.61 32 276.10 3 256.50 174 257.46

No Feedback

PVT Table 3: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Median Response Time

Feedback
Day Evening NightDay Evening Night
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U.S. Study Phase 2 PVT results 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 199.20 . 1 208.90 . 17 198.46 3.79 . . . . . . 16 197.08 5.92
32 2 199.45 9.26 1 209.56 . 15 198.82 10.95 2 211.37 5.61 . . . 18 211.15 10.75
33 2 215.34 3.92 1 214.50 . 16 202.91 9.92 1 208.60 . . . . 19 198.74 7.51
34 . . . 1 173.33 . 15 182.47 7.01 . . . . . . 17 201.25 14.56
35 2 232.78 16.66 . . . 18 212.54 13.66 . . . . . . 17 229.71 14.38
36 1 205.33 . . . . 18 198.64 9.44 . . . . . . 18 205.03 12.64
37 . . . . . . 20 183.58 7.57 . . . 1 181.90 . 17 183.38 5.91
38 1 215.80 . . . . 18 191.60 14.94 . . . . . . 18 197.11 12.54
39 8 198.30 8.45 3 175.90 0.75 9 186.68 14.75 9 202.97 13.55 1 169.30 . 8 186.55 5.76
40 7 192.33 6.88 3 179.39 5.88 9 191.97 19.04 8 200.58 9.61 1 203.80 . 10 197.27 16.02
41 5 172.17 14.77 1 153.60 . 13 170.88 13.11 4 170.33 12.40 . . . 8 166.83 11.69
42 8 185.81 14.13 1 162.20 . 10 164.06 7.12 8 183.59 22.25 . . . 8 160.10 8.59

Sum/Mean 37 201.65 12 184.67 178 190.22 32 196.24 3 185.00 174 194.52

No Feedback

PVT Table 4: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Mean 10% Fastest Response Times

Feedback
Day Evening NightDay Evening Night
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U.S. Study Phase 2 PVT results 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 3.04 . 1 2.67 . 17 3.14 0.29 . . . . . . 16 3.33 0.23
32 2 2.38 0.15 1 2.20 . 15 2.36 0.44 2 1.78 0.35 . . . 18 1.97 0.36
33 2 2.42 0.12 1 2.72 . 16 2.62 0.20 1 2.66 . . . . 19 2.80 0.27
34 . . . 1 3.00 . 15 3.03 0.53 . . . . . . 17 1.73 0.64
35 2 2.54 0.74 . . . 18 2.91 0.32 . . . . . . 17 1.88 0.67
36 1 1.72 . . . . 18 2.27 0.48 . . . . . . 18 2.22 0.48
37 . . . . . . 20 2.90 0.35 . . . 1 2.54 . 17 2.62 0.27
38 1 2.16 . . . . 18 2.15 0.60 . . . . . . 18 2.19 0.48
39 8 2.50 0.47 3 3.23 0.14 9 2.74 0.80 9 2.34 0.54 1 3.32 . 8 3.11 0.15
40 7 1.34 0.71 3 3.04 0.43 9 1.59 1.35 8 0.58 0.38 1 0.76 . 10 1.11 0.38
41 5 2.42 1.15 1 2.74 . 13 2.07 1.05 4 1.64 1.11 . . . 8 2.30 1.06
42 8 1.91 0.43 1 3.45 . 10 2.74 0.68 8 1.94 0.63 . . . 8 2.27 0.22

Sum/Mean 37 2.24 12 2.88 178 2.54 32 1.82 3 2.21 174 2.29

No Feedback

PVT Table 5: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Mean 10% Slowest of Reciprocal Response Times

Feedback
Day Evening NightDay Evening Night
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U.S. Study Phase 2 PVT results 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 4.00 . 1 0.00 . 17 0.88 1.22 . . . . . . 16 0.50 0.63
32 2 2.50 2.12 1 0.00 . 15 2.93 2.55 2 5.00 1.41 . . . 18 4.89 3.31
33 2 1.00 0.00 1 1.00 . 16 1.38 1.02 1 2.00 . . . . 19 1.32 0.89
34 . . . 1 1.00 . 15 1.73 4.83 . . . . . . 17 2.35 2.21
35 2 0.00 0.00 . . . 18 0.78 1.00 . . . . . . 17 1.35 1.41
36 1 3.00 . . . . 18 2.83 2.18 . . . . . . 18 2.78 1.56
37 . . . . . . 20 0.70 0.86 . . . 1 0.00 . 17 1.18 1.38
38 1 1.00 . . . . 18 1.50 2.04 . . . . . . 18 2.00 2.00
39 8 4.38 2.39 3 6.33 0.58 9 5.67 1.94 9 4.33 2.06 1 3.00 . 8 2.25 1.91
40 7 4.00 2.08 3 2.00 1.00 9 4.44 2.35 8 4.00 1.85 1 4.00 . 10 3.00 1.25
41 5 19.20 19.73 1 16.00 . 13 11.46 6.24 4 19.75 10.18 . . . 8 15.25 4.40
42 8 8.25 5.15 1 20.00 . 10 16.10 9.00 8 16.25 11.20 . . . 8 26.88 10.89

Sum/Mean 37 4.73 12 5.79 178 4.20 32 8.56 3 2.33 174 5.31

No Feedback

PVT Table 6: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Total Response Errors

Feedback
Day Evening NightDay Evening Night
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U.S. Study Phase 2 PVT results 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 -0.021 . 1 0.041 . 17 -0.025 0.034 . . . . . . 16 0.004 0.025
32 2 -0.003 0.069 1 -0.080 . 15 -0.041 0.053 2 0.000 0.007 . . . 18 -0.017 0.037
33 2 -0.005 0.008 1 -0.024 . 16 -0.031 0.033 1 0.025 . . . . 19 -0.008 0.045
34 . . . 1 -0.148 . 15 -0.029 0.042 . . . . . . 17 -0.058 0.050
35 2 -0.026 0.015 . . . 18 -0.022 0.038 . . . . . . 17 -0.035 0.088
36 1 -0.031 . . . . 18 -0.007 0.056 . . . . . . 18 -0.024 0.058
37 . . . . . . 20 -0.028 0.043 . . . 1 -0.101 . 17 -0.050 0.046
38 1 -0.044 . . . . 18 -0.088 0.057 . . . . . . 18 -0.043 0.052
39 8 -0.066 0.033 3 0.006 0.040 9 -0.008 0.050 9 -0.068 0.032 1 0.027 . 8 -0.009 0.039
40 7 -0.050 0.089 3 -0.036 0.020 9 -0.092 0.127 8 -0.109 0.027 1 -0.057 . 10 -0.104 0.034
41 5 -0.046 0.084 1 -0.106 . 13 -0.116 0.087 4 -0.070 0.054 . . . 8 -0.058 0.064
42 8 -0.007 0.085 1 -0.054 . 10 -0.001 0.068 8 -0.057 0.079 . . . 8 0.051 0.097

Sum/Mean 37 -0.030 12 -0.050 178 -0.041 32 -0.047 3 -0.044 174 -0.029

No Feedback

PVT Table 7: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables:  PVT Slope of the Reciprocal Response Time Curve

Feedback
Day Evening NightDay Evening Night
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U.S. Study Phase 2 PVT results 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 243.85 . 1 260.41 . 17 242.81 9.85 . . . . . . 16 236.78 9.36
32 2 273.58 4.58 1 293.09 . 15 279.59 26.75 2 313.42 3.32 . . . 18 314.11 39.50
33 2 274.22 7.47 1 263.12 . 16 261.32 13.85 1 263.05 . . . . 19 254.47 12.24
34 . . . 1 233.92 . 15 235.80 16.98 . . . . . . 17 330.29 78.23
35 2 302.53 50.39 . . . 18 264.95 21.19 . . . . . . 17 348.40 80.56
36 1 339.02 . . . . 18 277.39 33.14 . . . . . . 18 288.39 32.41
37 . . . . . . 20 241.38 15.70 . . . 1 248.25 . 17 250.35 15.98
38 1 304.60 . . . . 18 304.26 76.00 . . . . . . 18 285.94 33.56
39 8 275.33 24.43 3 224.59 1.60 9 261.57 46.18 9 290.87 35.71 1 218.88 . 8 239.49 9.78
40 7 373.28 106.78 3 232.99 10.37 9 501.06 352.05 8 380.87 48.02 1 517.73 . 10 603.74 261.95
41 5 280.78 92.22 1 239.74 . 13 305.78 93.90 4 378.67 203.25 . . . 8 290.43 89.38
42 8 287.06 43.90 1 209.39 . 10 227.68 27.42 8 300.84 62.39 . . . 8 250.58 20.68

Sum/Mean 37 295.42 12 244.66 178 283.63 32 321.29 3 328.29 174 307.75

No Feedback

PVT Table 8: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables:  Grand Mean Response Time

Feedback
Day Evening NightDay Evening Night
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U.S. Study Phase 2 PVT results 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 46.22 . 1 49.09 . 17 40.66 15.47 . . . . . . 16 37.19 22.99
32 2 89.27 40.44 1 86.38 . 15 92.71 51.53 2 130.21 53.99 . . . 18 163.80 122.87
33 2 59.94 3.73 1 48.18 . 16 62.25 22.16 1 49.14 . . . . 19 51.08 14.50
34 . . . 1 67.58 . 15 58.16 31.53 . . . . . . 17 206.68 152.75
35 2 93.92 89.53 . . . 18 48.91 24.54 . . . . . . 17 238.13 415.66
36 1 122.11 . . . . 18 94.50 49.05 . . . . . . 18 96.03 35.19
37 . . . . . . 20 66.83 38.94 . . . 1 76.38 . 17 88.48 38.22
38 1 184.82 . . . . 18 276.57 454.24 . . . . . . 18 125.39 80.23
39 8 91.20 67.17 3 40.06 2.76 9 91.85 82.44 9 128.82 108.00 1 39.04 . 8 40.48 2.85
40 7 392.03 302.11 3 61.13 36.75 9 559.90 631.35 8 314.54 100.23 1 691.82 . 10 711.32 426.67
41 5 153.16 138.22 1 80.65 . 13 188.46 135.47 4 243.06 169.53 . . . 8 187.31 168.93
42 8 117.32 38.32 1 47.96 . 10 80.51 35.34 8 128.52 53.20 . . . 8 105.92 28.38

Sum/Mean 37 135.00 12 60.13 178 138.44 32 165.71 3 269.08 174 170.98

No Feedback

PVT Table 9: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Standard Deviation of Response Times

Feedback
Day Evening NightDay Evening Night
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Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 0.00 . 1 0.00 . 17 0.00 0.00 . . . . . . 16 0.00 0.00
32 2 0.00 0.00 1 0.00 . 15 0.00 0.00 2 0.00 0.00 . . . 18 0.00 0.00
33 2 0.00 0.00 1 0.00 . 16 0.00 0.00 1 0.00 . . . . 19 0.00 0.00
34 . . . 1 0.00 . 15 0.00 0.00 . . . . . . 17 0.00 0.00
35 2 0.00 0.00 . . . 18 0.00 0.00 . . . . . . 17 0.00 0.00
36 1 0.00 . . . . 18 0.00 0.00 . . . . . . 18 0.00 0.00
37 . . . . . . 20 0.00 0.00 . . . 1 0.00 . 17 0.00 0.00
38 1 0.00 . . . . 18 0.00 0.00 . . . . . . 18 0.00 0.00
39 8 0.00 0.00 3 0.00 0.00 9 0.00 0.00 9 0.00 0.00 1 0.00 . 8 0.00 0.00
40 7 0.00 0.00 3 0.00 0.00 9 0.00 0.00 8 0.00 0.00 1 0.00 . 10 0.00 0.00
41 5 0.00 0.00 1 0.00 . 13 0.00 0.00 4 0.00 0.00 . . . 8 0.00 0.00
42 8 0.00 0.00 1 0.00 . 10 0.00 0.00 8 0.00 0.00 . . . 8 0.00 0.00

Sum/Mean 37 0.00 12 0.00 178 0.00 32 0.00 3 0.00 174 0.00

No Feedback

PVT Table 11: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: No R for 30s

Feedback
Day Evening NightDay Evening Night

U.S. Study Phase 2 PVT results 
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U.S. Study Phase 2 PVT results 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 0.170 . 1 0.263 . 17 0.190 0.085 . . . . . . 16 0.197 0.060
32 2 0.234 0.039 1 0.198 . 15 0.223 0.059 2 0.228 0.021 . . . 18 0.230 0.056
33 2 0.280 0.022 1 0.210 . 16 0.218 0.046 1 0.296 . . . . 19 0.244 0.054
34 . . . 1 0.102 . 15 0.197 0.070 . . . . . . 17 0.278 0.059
35 2 0.084 0.100 . . . 18 0.172 0.088 . . . . . . 17 0.202 0.072
36 1 0.156 . . . . 18 0.260 0.042 . . . . . . 18 0.274 0.059
37 . . . . . . 20 0.198 0.063 . . . 1 0.193 . 17 0.199 0.048
38 1 0.176 . . . . 18 0.221 0.090 . . . . . . 18 0.225 0.047
39 8 0.179 0.066 3 0.247 0.062 9 0.187 0.102 9 0.183 0.047 1 0.253 . 8 0.228 0.079
40 7 0.272 0.042 3 0.236 0.012 9 0.328 0.105 8 0.380 0.106 1 0.413 . 10 0.277 0.027
41 5 0.212 0.119 1 0.108 . 13 0.216 0.102 4 0.236 0.066 . . . 8 0.207 0.060
42 8 0.336 0.065 1 0.154 . 10 0.266 0.082 8 0.314 0.085 . . . 8 0.268 0.051

Sum/Mean 37 0.210 12 0.190 178 0.223 32 0.273 3 0.286 174 0.236

No Feedback

PVT Table 10: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Distribution Asymmetry

Feedback
Day Evening NightDay Evening Night
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U.S. Study Phase 2 PVT results 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 2.00 . 1 1.00 . 17 2.24 2.02 . . . . . . 16 1.31 0.48

32 2 1.00 1.41 1 0.00 . 15 0.93 2.49 2 7.50 0.71 . . . 18 8.06 3.08

33 2 0.00 0.00 1 1.00 . 16 0.06 0.25 1 8.00 . . . . 19 4.53 3.08

34 . . . 1 1.00 . 15 6.47 1.51 . . . . . . 17 7.71 1.26

35 2 0.00 0.00 . . . 18 0.11 0.32 . . . . . . 17 7.00 4.37

36 1 10.00 . . . . 18 7.00 2.47 . . . . . . 18 7.33 2.06

37 . . . . . . 20 7.25 1.02 . . . 1 8.00 . 17 7.47 1.01

38 1 7.00 . . . . 18 7.72 1.60 . . . . . . 18 6.39 3.65

39 8 0.75 2.12 3 0.00 0.00 9 0.00 0.00 9 0.78 2.33 1 6.00 . 8 0.00 0.00

40 7 3.29 4.27 3 0.67 1.15 9 2.11 3.18 8 6.25 4.10 1 10.00 . 10 6.20 4.57

41 5 1.20 2.68 1 0.00 . 13 1.38 2.63 4 0.00 0.00 . . . 8 0.88 2.47

42 8 8.88 3.18 1 1.00 . 10 3.30 3.86 8 8.88 3.18 . . . 8 5.00 4.47

Sum/Mean 37 3.41 12 0.58 178 3.21 32 5.23 3 8.00 174 5.16

No Feedback

PVT Table 12: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Post-PVT Sleepiness Rating (VAS)

Feedback
Day Evening NightDay Evening Night
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U.S. Study Phase 2 PVT results 

Driver N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
31 1 2.00 . 1 1.00 . 17 2.06 1.98 . . . . . . 16 1.25 0.45

32 2 1.00 1.41 1 0.00 . 15 0.80 2.11 2 5.00 2.83 . . . 18 7.11 2.83

33 2 0.00 0.00 1 1.00 . 16 0.06 0.25 1 7.00 . . . . 19 4.53 2.97

34 . . . 1 2.00 . 15 5.93 1.79 . . . . . . 17 6.88 1.41

35 2 0.00 0.00 . . . 18 0.11 0.32 . . . . . . 17 6.71 4.61

36 1 10.00 . . . . 18 6.56 2.73 . . . . . . 18 6.78 1.73

37 . . . . . . 20 6.80 1.54 . . . 1 6.00 . 17 7.41 0.94

38 1 8.00 . . . . 18 7.39 1.14 . . . . . . 18 6.17 3.47

39 8 1.13 3.18 3 0.00 0.00 9 0.00 0.00 9 0.78 2.33 1 7.00 . 8 0.00 0.00

40 7 3.29 4.19 3 1.00 1.73 9 2.00 3.00 8 6.63 4.17 1 8.00 . 10 6.40 4.45

41 5 2.00 4.47 1 0.00 . 13 1.85 3.60 4 0.00 0.00 . . . 8 1.25 3.54

42 8 8.88 3.18 1 1.00 . 10 3.40 3.81 8 6.63 4.66 . . . 8 4.38 4.66

Sum/Mean 37 3.63 12 0.75 178 3.08 32 4.34 3 7.00 174 4.90

No Feedback

PVT  Table 13: Descriptive Statistics by Driver, Time of Day, and Condition
For PVT Response Variables: Pre-PVT Sleepiness Rating (VAS)

Feedback
Day Evening NightDay Evening Night
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Driver Days Proportion Days Proportion
1 3 0.25 3 0.23
2 2 0.17 0 0.00
4 0 0.00 1 0.08
5 1 0.07 1 0.08
6 2 0.09 0 0.00
7 0 0.00 0 0.00
8 0 0.00 1 0.08
10 0 0.00 4 0.29
11 0 0.00 0 0.00
12 . . 6 0.50
13 0 0.00 0 0.00
15 1 0.07 0 0.00
17 0 0.00 0 0.00
18 5 0.36 0 0.00
19 2 0.14 0 0.00
21 3 0.20 2 0.15
22 3 0.25 2 0.14
23 10 0.67 9 0.69
25 2 0.15 0 0.00
26 1 0.06 0 0.00

Mean 0.13 0.11

No Feedback Feedback

Diary Table 1:
Proportion of Days with Any

Long delays for traffic                      

Appendix E-1 
 Canada Study Phase 1 results from Daily Diary    

Canada Study Phase 1 Diary results 
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Driver Days Proportion Days Proportion
1 0 0.00 3 0.23
2 2 0.17 4 0.31
4 3 0.23 0 0.00
5 3 0.21 2 0.15
6 4 0.17 2 0.14
7 4 0.27 1 0.08
8 4 0.31 2 0.15
10 0 0.00 5 0.36
11 1 0.07 2 0.15
12 . . 6 0.50
13 1 0.07 1 0.08
15 0 0.00 3 0.23
17 4 0.27 1 0.13
18 0 0.00 0 0.00
19 3 0.21 0 0.00
21 1 0.07 0 0.00
22 3 0.25 0 0.00
23 0 0.00 0 0.00
25 1 0.08 0 0.00
26 2 0.13 0 0.00

Mean 0.13 0.13

No Feedback Feedback

Diary Table 2:
Proportion of Days with Any

Weather problems while driving              

Canada Study Phase 1 Diary results 
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Driver Days Proportion Days Proportion
1 2 0.17 0 0.00
2 3 0.25 2 0.15
4 2 0.15 1 0.08
5 2 0.14 1 0.08
6 4 0.17 0 0.00
7 1 0.07 0 0.00
8 1 0.08 0 0.00
10 0 0.00 3 0.21
11 0 0.00 1 0.08
12 . . 2 0.17
13 2 0.13 0 0.00
15 1 0.07 0 0.00
17 0 0.00 0 0.00
18 0 0.00 0 0.00
19 0 0.00 1 0.08
21 2 0.13 0 0.00
22 3 0.25 3 0.21
23 11 0.73 10 0.77
25 1 0.08 0 0.00
26 1 0.06 0 0.00

Mean 0.13 0.09

No Feedback Feedback

Diary Table 3:
Proportion of Days with Any

Slow moving on the road                    

Canada Study Phase 1 Diary results 
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Driver Days Proportion Days Proportion
1 2 0.17 0 0.00
2 4 0.33 0 0.00
4 2 0.15 1 0.08
5 3 0.21 1 0.08
6 2 0.09 0 0.00
7 0 0.00 0 0.00
8 1 0.08 1 0.08
10 0 0.00 1 0.07
11 0 0.00 0 0.00
12 . . 8 0.67
13 1 0.07 3 0.23
15 3 0.20 0 0.00
17 1 0.07 0 0.00
18 1 0.08 0 0.00
19 3 0.21 0 0.00
21 2 0.13 3 0.23
22 2 0.17 1 0.07
23 11 0.73 10 0.77
25 0 0.00 0 0.00
26 7 0.44 6 0.46

Mean 0.16 0.14

No Feedback Feedback

Diary Table 4:
Proportion of Days with Any

Traffic jams, making it slow going             
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Driver Days Proportion Days Proportion
1 0 0.00 0 0.00
2 3 0.25 3 0.23
4 0 0.00 0 0.00
5 2 0.14 0 0.00
6 0 0.00 1 0.07
7 3 0.20 1 0.08
8 1 0.08 0 0.00
10 0 0.00 0 0.00
11 0 0.00 1 0.08
12 . . 1 0.08
13 0 0.00 0 0.00
15 0 0.00 2 0.15
17 1 0.07 0 0.00
18 0 0.00 0 0.00
19 0 0.00 0 0.00
21 0 0.00 0 0.00
22 1 0.08 5 0.36
23 2 0.13 2 0.15
25 2 0.15 0 0.00
26 0 0.00 0 0.00

Mean 0.06 0.06

No Feedback Feedback

Diary Table 5:
Proportion of Days with Any

Numerous hilly roads, making it slow going     
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Driver Days Proportion Days Proportion
1 0 0.00 5 0.38
2 5 0.42 6 0.46
4 1 0.08 2 0.15
5 7 0.50 4 0.31
6 2 0.09 1 0.07
7 5 0.33 0 0.00
8 5 0.38 6 0.46
10 0 0.00 2 0.14
11 1 0.07 1 0.08
12 . . 8 0.67
13 1 0.07 0 0.00
15 0 0.00 0 0.00
17 3 0.20 5 0.63
18 5 0.38 2 0.15
19 2 0.14 0 0.00
21 0 0.00 3 0.23
22 0 0.00 0 0.00
23 0 0.00 2 0.15
25 0 0.00 0 0.00
26 1 0.06 0 0.00

Mean 0.14 0.19

No Feedback Feedback

Diary Table 6:
Proportion of Days with Any

Considerable crosswinds                    

Canada Study Phase 1 Diary results 



 
 

 270

Driver Days Proportion Days Proportion
1 1 0.08 2.75 0.21
2 3 0.25 5 0.38
4 1 0.08 0 0.00
5 2 0.14 0 0.00
6 1 0.04 4 0.29
7 3 0.20 2 0.15
8 1 0.08 3 0.23
10 0 0.00 0 0.00
11 5 0.33 1 0.08
12 . . 0 0.00
13 2 0.13 0 0.00
15 5 0.33 2 0.15
17 1 0.07 0 0.00
18 1 0.08 1 0.08
19 1 0.07 3 0.23
21 3 0.20 3 0.23
22 1 0.08 1 0.07
23 10 0.67 10 0.77
25 1 0.08 1 0.07
26 1 0.06 0 0.00

Mean 0.16 0.15

No Feedback Feedback

Diary Table 7:
Proportion of Days with Any

Long waits for load assignments              
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Driver Days Proportion Days Proportion
1 3 0.25 3 0.23
2 10 0.83 7 0.54
4 10 0.77 9 0.69
5 7 0.50 5 0.38
6 11 0.48 8 0.57
7 10 0.67 9 0.69
8 5 0.38 6 0.46
10 0 0.00 9 0.64
11 0 0.00 1 0.08
12 . . 8 0.67
13 4 0.27 6 0.46
15 2 0.13 3 0.23
17 4 0.27 8 1.00
18 7 0.54 1 0.08
19 7 0.50 1 0.08
21 5 0.33 4 0.31
22 2 0.17 3 0.21
23 0 0.00 1 0.08
25 1 0.08 0 0.00
26 5 0.31 0 0.00

Mean 0.34 0.37

No Feedback Feedback

Diary Table 8:
Proportion of Days with Any

Rest break for eating/hygiene                
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 12 0.25 0.45 0.00 0.0 1.0 13 0.23 0.44 0.00 0.0 1.0
2 12 0.92 0.51 1.00 0.0 2.0 13 0.54 0.52 1.00 0.0 1.0
4 13 0.77 0.44 1.00 0.0 1.0 13 1.00 0.82 1.00 0.0 2.0
5 14 0.50 0.52 0.50 0.0 1.0 13 0.38 0.51 0.00 0.0 1.0
6 23 0.91 1.38 0.00 0.0 5.0 14 1.07 1.14 1.00 0.0 3.0
7 15 0.67 0.49 1.00 0.0 1.0 13 0.85 0.69 1.00 0.0 2.0
8 13 0.31 0.48 0.00 0.0 1.0 13 0.46 0.52 0.00 0.0 1.0
10 14 0.00 0.00 0.00 0.0 0.0 14 0.64 0.50 1.00 0.0 1.0
11 15 0.00 0.00 0.00 0.0 0.0 13 0.08 0.28 0.00 0.0 1.0
12 . . . . . . 12 0.67 0.49 1.00 0.0 1.0
13 15 0.53 1.06 0.00 0.0 3.0 13 0.62 0.77 0.00 0.0 2.0
15 15 0.13 0.35 0.00 0.0 1.0 13 0.23 0.44 0.00 0.0 1.0
17 15 0.27 0.46 0.00 0.0 1.0 8 1.00 0.00 1.00 1.0 1.0
18 13 0.54 0.52 1.00 0.0 1.0 13 0.08 0.28 0.00 0.0 1.0
19 14 0.50 0.52 0.50 0.0 1.0 13 0.08 0.28 0.00 0.0 1.0
21 15 0.47 0.74 0.00 0.0 2.0 13 0.31 0.48 0.00 0.0 1.0
22 12 0.00 0.00 0.00 0.0 0.0 14 0.00 0.00 0.00 0.0 0.0
23 15 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
25 13 0.00 0.00 0.00 0.0 0.0 15 0.00 0.00 0.00 0.0 0.0
26 16 0.31 0.48 0.00 0.0 1.0 13 0.00 0.00 0.00 0.0 0.0

Mean 0.37 0.26 0.41 0.35

No Feedback Feedback

Diary Table 9:
Mean Numbers Per Day
Rest/Eating: Frequency                             
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 12 0.19 0.36 0.00 0.0 1.0 13 0.29 0.61 0.00 0.0 2.0
2 12 1.46 2.01 1.00 0.0 7.5 13 0.38 0.43 0.50 0.0 1.3
4 13 0.50 0.44 0.50 0.0 1.5 13 0.48 0.41 0.50 0.0 1.3
5 14 0.55 0.82 0.00 0.0 2.5 13 0.38 0.66 0.00 0.0 1.8
6 23 1.38 2.25 0.00 0.0 7.3 14 1.54 1.99 0.63 0.0 6.0
7 15 0.00 0.00 0.00 0.0 0.0 13 0.52 0.61 0.25 0.0 1.5
8 13 1.31 2.87 0.00 0.0 10.0 13 0.48 0.63 0.00 0.0 1.8
10 14 0.00 0.00 0.00 0.0 0.0 14 0.64 0.50 1.00 0.0 1.0
11 15 0.00 0.00 0.00 0.0 0.0 13 0.02 0.07 0.00 0.0 0.3
12 . . . . . . 12 0.06 0.11 0.00 0.0 0.3
13 15 0.20 0.45 0.00 0.0 1.5 13 0.53 0.80 0.00 0.0 2.3
15 15 0.10 0.28 0.00 0.0 1.0 13 0.25 0.50 0.00 0.0 1.5
17 15 0.17 0.31 0.00 0.0 1.0 8 0.50 0.00 0.50 0.5 0.5
18 13 0.46 0.52 0.00 0.0 1.0 13 0.15 0.55 0.00 0.0 2.0
19 14 0.21 0.58 0.00 0.0 2.0 13 0.06 0.21 0.00 0.0 0.8
21 15 0.50 0.78 0.00 0.0 2.0 13 0.35 0.56 0.00 0.0 1.5
22 12 0.00 0.00 0.00 0.0 0.0 14 0.00 0.00 0.00 0.0 0.0
23 15 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
25 13 0.00 0.00 0.00 0.0 0.0 15 0.00 0.00 0.00 0.0 0.0
26 16 0.31 0.66 0.00 0.0 2.5 13 0.00 0.00 0.00 0.0 0.0

Mean 0.39 0.08 0.33 0.17

No Feedback Feedback

Diary Table 10: 
Cumulative Durations Per Day

Rest/Eating: Duration                              
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Driver Days Proportion Days Proportion
1 3 0.25 3 0.23
2 4 0.33 8 0.62
4 0 0.00 1 0.08
5 2 0.14 1 0.08
6 7 0.30 0 0.00
7 0 0.00 1 0.08
8 0 0.00 0 0.00
10 0 0.00 9 0.64
11 0 0.00 0 0.00
12 . . 0 0.00
13 1 0.07 0 0.00
15 1 0.07 0 0.00
17 0 0.00 0 0.00
18 8 0.62 2 0.15
19 7 0.50 0 0.00
21 4 0.27 3 0.23
22 0 0.00 1 0.07
23 2 0.13 1 0.08
25 0 0.00 0 0.00
26 0 0.00 1 0.08

Mean 0.14 0.12

No Feedback Feedback

Diary Table 11:
Proportion of Days with Any

Rest break including a sleep period           
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 12 0.25 0.45 0.00 0.0 1.0 13 0.23 0.44 0.00 0.0 1.0
2 12 0.33 0.49 0.00 0.0 1.0 13 0.62 0.51 1.00 0.0 1.0
4 13 0.00 0.00 0.00 0.0 0.0 13 0.08 0.28 0.00 0.0 1.0
5 14 0.14 0.36 0.00 0.0 1.0 13 0.08 0.28 0.00 0.0 1.0
6 23 0.91 1.53 0.00 0.0 4.0 14 0.00 0.00 0.00 0.0 0.0
7 15 0.00 0.00 0.00 0.0 0.0 13 0.08 0.28 0.00 0.0 1.0
8 13 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
10 14 0.00 0.00 0.00 0.0 0.0 14 0.64 0.50 1.00 0.0 1.0
11 15 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
12 . . . . . . 12 0.00 0.00 0.00 0.0 0.0
13 15 0.07 0.26 0.00 0.0 1.0 13 0.00 0.00 0.00 0.0 0.0
15 15 0.07 0.26 0.00 0.0 1.0 13 0.00 0.00 0.00 0.0 0.0
17 15 0.00 0.00 0.00 0.0 0.0 8 0.00 0.00 0.00 0.0 0.0
18 13 0.62 0.51 1.00 0.0 1.0 13 0.15 0.38 0.00 0.0 1.0
19 14 0.57 0.65 0.50 0.0 2.0 13 0.00 0.00 0.00 0.0 0.0
21 15 0.27 0.46 0.00 0.0 1.0 13 0.23 0.44 0.00 0.0 1.0
22 12 0.00 0.00 0.00 0.0 0.0 14 0.07 0.27 0.00 0.0 1.0
23 15 0.00 0.00 0.00 0.0 0.0 13 0.08 0.28 0.00 0.0 1.0
25 13 0.00 0.00 0.00 0.0 0.0 15 0.00 0.00 0.00 0.0 0.0
26 16 0.00 0.00 0.00 0.0 0.0 13 0.08 0.28 0.00 0.0 1.0

Mean 0.17 0.08 0.12 0.10

No Feedback Feedback

Diary Table 12:
Mean Numbers Per Day
Rest/Sleep: Frequency                              
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 12 1.00 2.34 0.00 0.0 8.0 13 1.15 2.82 0.00 0.0 8.0
2 12 0.83 1.29 0.00 0.0 3.3 13 1.83 1.89 2.00 0.0 6.0
4 13 0.00 0.00 0.00 0.0 0.0 13 0.23 0.83 0.00 0.0 3.0
5 14 0.59 1.52 0.00 0.0 4.8 13 0.50 1.80 0.00 0.0 6.5
6 23 1.35 3.28 0.00 0.0 12.3 14 0.00 0.00 0.00 0.0 0.0
7 15 0.00 0.00 0.00 0.0 0.0 13 0.12 0.42 0.00 0.0 1.5
8 13 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
10 14 0.00 0.00 0.00 0.0 0.0 14 5.18 4.01 8.00 0.0 8.5
11 15 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
12 . . . . . . 12 0.00 0.00 0.00 0.0 0.0
13 15 0.05 0.19 0.00 0.0 0.8 13 0.00 0.00 0.00 0.0 0.0
15 15 0.62 2.39 0.00 0.0 9.3 13 0.00 0.00 0.00 0.0 0.0
17 15 0.00 0.00 0.00 0.0 0.0 8 0.00 0.00 0.00 0.0 0.0
18 13 1.69 2.27 1.00 0.0 7.5 13 0.71 1.99 0.00 0.0 7.0
19 14 1.96 4.13 0.00 0.0 15.0 13 0.00 0.00 0.00 0.0 0.0
21 15 1.50 3.06 0.00 0.0 9.0 13 1.04 2.18 0.00 0.0 6.5
22 12 0.00 0.00 0.00 0.0 0.0 14 0.00 0.00 0.00 0.0 0.0
23 15 0.00 0.00 0.00 0.0 0.0 13 0.08 0.28 0.00 0.0 1.0
25 13 0.00 0.00 0.00 0.0 0.0 15 0.00 0.00 0.00 0.0 0.0
26 16 0.00 0.00 0.00 0.0 0.0 13 0.08 0.28 0.00 0.0 1.0

Mean 0.50 0.05 0.55 0.50

No Feedback Feedback

Diary Table 13:
Cumulative Durations Per Day

Rest/Sleep: Duration                               
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Driver Days Proportion Days Proportion
1 2 0.17 0 0.00
2 6 0.50 7 0.54
4 12 0.92 13 1.00
5 3 0.21 0 0.00
6 1 0.04 0 0.00
7 4 0.27 4 0.31
8 2 0.15 1 0.08
10 0 0.00 0 0.00
11 11 0.73 12 0.92
12 . . 0 0.00
13 4 0.27 3 0.23
15 3 0.20 1 0.08
17 11 0.73 8 1.00
18 2 0.15 8 0.62
19 2 0.14 0 0.00
21 3 0.20 4 0.31
22 0 0.00 1 0.07
23 0 0.00 0 0.00
25 4 0.31 0 0.00
26 2 0.13 1 0.08

Mean 0.27 0.26

No Feedback Feedback

Diary Table 14:
Proportion of Days with Any

Sleep/Nap out of vehicle                    
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 12 0.17 0.39 0.00 0.0 1.0 13 0.00 0.00 0.00 0.0 0.0
2 12 0.42 0.51 0.00 0.0 1.0 13 0.54 0.52 1.00 0.0 1.0
4 13 0.92 0.28 1.00 0.0 1.0 13 1.00 0.00 1.00 1.0 1.0
5 14 0.21 0.43 0.00 0.0 1.0 13 0.00 0.00 0.00 0.0 0.0
6 23 0.04 0.21 0.00 0.0 1.0 14 0.00 0.00 0.00 0.0 0.0
7 15 0.27 0.46 0.00 0.0 1.0 13 0.31 0.48 0.00 0.0 1.0
8 13 0.15 0.38 0.00 0.0 1.0 13 0.08 0.28 0.00 0.0 1.0
10 14 0.00 0.00 0.00 0.0 0.0 14 0.00 0.00 0.00 0.0 0.0
11 15 0.93 0.70 1.00 0.0 2.0 13 0.85 0.38 1.00 0.0 1.0
12 . . . . . . 12 0.00 0.00 0.00 0.0 0.0
13 15 0.33 0.62 0.00 0.0 2.0 13 0.23 0.44 0.00 0.0 1.0
15 15 0.20 0.41 0.00 0.0 1.0 13 0.08 0.28 0.00 0.0 1.0
17 15 0.73 0.46 1.00 0.0 1.0 8 1.00 0.00 1.00 1.0 1.0
18 13 0.15 0.38 0.00 0.0 1.0 13 0.62 0.51 1.00 0.0 1.0
19 14 0.14 0.36 0.00 0.0 1.0 13 0.00 0.00 0.00 0.0 0.0
21 15 0.20 0.41 0.00 0.0 1.0 13 0.31 0.48 0.00 0.0 1.0
22 12 0.00 0.00 0.00 0.0 0.0 14 0.00 0.00 0.00 0.0 0.0
23 15 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
25 13 0.08 0.28 0.00 0.0 1.0 15 0.00 0.00 0.00 0.0 0.0
26 16 0.00 0.00 0.00 0.0 0.0 13 0.08 0.28 0.00 0.0 1.0

Mean 0.26 0.16 0.25 0.25

No Feedback Feedback

Diary Table 15: 
Mean Numbers Per Day

Sleep/Nap out of vehicle: Frequency                   
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 12 0.83 2.33 0.00 0.0 8.0 13 0.00 0.00 0.00 0.0 0.0
2 12 2.40 3.18 0.50 0.0 7.0 13 3.31 3.84 1.50 0.0 9.0
4 13 5.88 2.00 6.25 0.0 9.0 13 6.08 1.73 5.50 2.5 10.0
5 14 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
6 23 0.35 1.67 0.00 0.0 8.0 14 0.00 0.00 0.00 0.0 0.0
7 15 1.93 3.33 0.00 0.0 7.5 13 2.50 3.92 0.00 0.0 9.0
8 13 1.15 2.82 0.00 0.0 7.5 13 0.00 0.00 0.00 0.0 0.0
10 14 0.00 0.00 0.00 0.0 0.0 14 0.00 0.00 0.00 0.0 0.0
11 15 5.85 4.00 8.00 0.0 9.5 13 5.81 3.39 7.75 0.0 8.5
12 . . . . . . 12 0.00 0.00 0.00 0.0 0.0
13 15 2.35 4.06 0.00 0.0 9.8 13 1.31 2.99 0.00 0.0 8.5
15 15 2.13 4.44 0.00 0.0 12.0 13 0.77 2.77 0.00 0.0 10.0
17 15 5.58 3.62 7.00 0.0 10.0 8 7.63 0.23 7.50 7.5 8.0
18 13 1.19 3.20 0.00 0.0 11.0 13 4.88 5.59 6.00 0.0 20.0
19 14 1.64 4.70 0.00 0.0 17.0 13 0.00 0.00 0.00 0.0 0.0
21 15 0.77 1.80 0.00 0.0 6.0 13 1.35 2.13 0.00 0.0 5.0
22 12 0.00 0.00 0.00 0.0 0.0 14 0.00 0.00 0.00 0.0 0.0
23 15 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
25 13 0.56 2.01 0.00 0.0 7.3 15 0.00 0.00 0.00 0.0 0.0
26 16 0.34 0.94 0.00 0.0 3.0 13 0.08 0.28 0.00 0.0 1.0

Mean 1.74 1.14 1.69 1.41

No Feedback Feedback

 Diary Table 16:
Cumulative Durations Per Day

Sleep/Nap out of vehicle: Duration                 

Canada Study Phase 1 Diary results 



 
 

 280

Driver Days Proportion Days Proportion
1 4 0.33 7 0.54
2 7 0.58 7 0.54
4 0 0.00 1 0.08
5 6 0.43 6 0.46
6 15 0.65 9 0.64
7 10 0.67 8 0.62
8 0 0.00 0 0.00
10 0 0.00 1 0.07
11 0 0.00 0 0.00
12 . . 1 0.08
13 10 0.67 9 0.69
15 8 0.53 9 0.69
17 1 0.07 0 0.00
18 8 0.62 5 0.38
19 4 0.29 1 0.08
21 3 0.20 5 0.38
22 7 0.58 6 0.43
23 2 0.13 1 0.08
25 9 0.69 14 0.93
26 10 0.63 6 0.46

Mean 0.37 0.36

No Feedback Feedback

Diary Table 17:
Proportion of Days with Any

Sleep/Nap in vehicle                       
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 12 0.33 0.49 0.00 0.0 1.0 13 0.62 0.65 1.00 0.0 2.0
2 12 0.58 0.51 1.00 0.0 1.0 13 0.54 0.52 1.00 0.0 1.0
4 13 0.00 0.00 0.00 0.0 0.0 13 0.08 0.28 0.00 0.0 1.0
5 14 0.50 0.65 0.00 0.0 2.0 13 0.69 0.85 0.00 0.0 2.0
6 23 1.00 0.80 1.00 0.0 2.0 14 0.79 0.70 1.00 0.0 2.0
7 15 0.67 0.49 1.00 0.0 1.0 13 0.62 0.51 1.00 0.0 1.0
8 13 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
10 14 0.00 0.00 0.00 0.0 0.0 14 0.07 0.27 0.00 0.0 1.0
11 15 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
12 . . . . . . 12 0.08 0.29 0.00 0.0 1.0
13 15 0.73 0.59 1.00 0.0 2.0 13 0.92 0.76 1.00 0.0 2.0
15 15 0.53 0.52 1.00 0.0 1.0 13 0.69 0.48 1.00 0.0 1.0
17 15 0.07 0.26 0.00 0.0 1.0 8 0.00 0.00 0.00 0.0 0.0
18 13 0.62 0.51 1.00 0.0 1.0 13 0.38 0.51 0.00 0.0 1.0
19 14 0.29 0.47 0.00 0.0 1.0 13 0.08 0.28 0.00 0.0 1.0
21 15 0.20 0.41 0.00 0.0 1.0 13 0.54 0.78 0.00 0.0 2.0
22 12 0.25 0.45 0.00 0.0 1.0 14 0.14 0.36 0.00 0.0 1.0
23 15 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
25 13 0.00 0.00 0.00 0.0 0.0 15 0.93 0.26 1.00 0.0 1.0
26 16 1.13 0.96 1.50 0.0 2.0 13 0.85 1.07 0.00 0.0 3.0

Mean 0.36 0.39 0.40 0.35

No Feedback Feedback

Diary Table 18:
Mean Numbers Per Day

Sleep/Nap in vehicle: Frequency                             
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 12 2.13 3.57 0.00 0.0 8.0 13 4.48 4.38 7.00 0.0 10.3
2 12 2.67 2.89 2.38 0.0 8.0 13 2.50 2.92 1.50 0.0 7.0
4 13 0.00 0.00 0.00 0.0 0.0 13 0.12 0.42 0.00 0.0 1.5
5 14 1.41 3.07 0.00 0.0 10.0 13 3.48 4.30 0.00 0.0 10.0
6 23 5.21 4.16 6.00 0.0 11.8 14 5.57 4.57 7.13 0.0 12.5
7 15 3.43 4.94 0.00 0.0 17.0 13 4.17 3.77 6.00 0.0 10.0
8 13 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
10 14 0.00 0.00 0.00 0.0 0.0 14 0.00 0.00 0.00 0.0 0.0
11 15 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
12 . . . . . . 12 0.00 0.00 0.00 0.0 0.0
13 15 4.53 3.87 6.00 0.0 10.5 13 4.65 3.35 5.50 0.0 8.0
15 15 2.90 3.74 0.00 0.0 9.0 13 5.48 3.93 8.00 0.0 10.0
17 15 0.03 0.13 0.00 0.0 0.5 8 0.00 0.00 0.00 0.0 0.0
18 13 2.77 2.61 3.50 0.0 8.0 13 3.81 5.96 0.00 0.0 18.0
19 14 0.93 2.02 0.00 0.0 6.0 13 0.00 0.00 0.00 0.0 0.0
21 15 0.67 1.68 0.00 0.0 6.0 13 1.37 2.39 0.00 0.0 7.5
22 12 0.38 1.15 0.00 0.0 4.0 14 0.00 0.00 0.00 0.0 0.0
23 15 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
25 13 0.00 0.00 0.00 0.0 0.0 15 0.00 0.00 0.00 0.0 0.0
26 16 3.34 3.00 4.50 0.0 8.0 13 2.19 2.75 0.00 0.0 6.5

Mean 1.60 1.18 1.89 1.76

No Feedback Feedback

 Diary Table 19:
Cumulative Durations Per Day
Sleep/Nap in vehicle: Duration                     
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Driver Days Proportion Days Proportion
1 3 0.25 3 0.23
2 3 0.25 3 0.23
4 3 0.23 1 0.08
5 4 0.29 3 0.23
6 5 0.22 6 0.43
7 2 0.13 1 0.08
8 2 0.15 5 0.38
10 0 0.00 5 0.36
11 4 0.27 2 0.15
12 . . 1 0.08
13 2 0.13 3 0.23
15 3 0.20 2 0.15
17 4 0.27 0 0.00
18 3 0.23 2 0.15
19 4 0.29 6 0.46
21 5 0.33 2 0.15
22 1 0.08 4 0.29
23 2 0.13 3 0.23
25 1 0.08 0 0.00
26 4 0.25 5 0.38

Mean 0.20 0.22

No Feedback Feedback

Diary Table 20: 
Proportion of Days with Any

Day off from driving                        

Canada Study Phase 1 Diary results 
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Driver Days Proportion Days Proportion
1 1 0.08 1 0.08
2 4 0.33 3 0.23
4 2 0.15 1 0.08
5 4 0.29 3 0.23
6 5 0.22 5 0.36
7 1 0.07 1 0.08
8 1 0.08 3 0.23
10 0 0.00 4 0.29
11 4 0.27 2 0.15
12 . . 2 0.17
13 4 0.27 2 0.15
15 3 0.20 2 0.15
17 3 0.20 0 0.00
18 2 0.15 4 0.31
19 5 0.36 6 0.46
21 5 0.33 3 0.23
22 1 0.08 2 0.14
23 9 0.60 9 0.69
25 3 0.23 0 0.00
26 2 0.13 5 0.38

Mean 0.21 0.22

No Feedback Feedback

Diary Table 21:
Proportion of Days with Any

Activity on day off                         
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Driver Days Proportion Days Proportion
1 1 0.08 4 0.31
2 0 0.00 1 0.08
4 3 0.23 3 0.23
5 6 0.43 6 0.46
6 1 0.04 1 0.07
7 6 0.40 3 0.23
8 0 0.00 1 0.08
10 0 0.00 3 0.21
11 0 0.00 0 0.00
12 . . 2 0.17
13 0 0.00 5 0.38
15 0 0.00 3 0.23
17 11 0.73 7 0.88
18 4 0.31 1 0.08
19 5 0.36 4 0.31
21 5 0.33 10 0.77
22 2 0.17 1 0.07
23 8 0.53 5 0.38
25 1 0.08 0 0.00
26 1 0.06 0 0.00

Mean 0.20 0.25

No Feedback Feedback

Diary Table 22:
Proportion of Days with Any

FMT device gets driver's attention             

Canada Study Phase 1 Diary results 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
1 12 2.75 2.26 3.00 0.0 8.0 13 3.15 2.15 3.00 0.0 6.0
2 12 0.58 0.79 0.00 0.0 2.0 13 0.77 0.93 0.00 0.0 2.0
4 13 0.23 0.60 0.00 0.0 2.0 13 0.38 0.96 0.00 0.0 3.0
5 14 1.21 1.12 1.00 0.0 3.0 13 1.15 1.52 1.00 0.0 5.0
6 23 0.87 0.87 1.00 0.0 3.0 14 1.29 1.54 1.00 0.0 5.0
7 15 0.87 0.92 1.00 0.0 2.0 13 1.23 1.01 1.00 0.0 3.0
8 13 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
10 14 0.00 0.00 0.00 0.0 0.0 14 0.71 0.47 1.00 0.0 1.0
11 15 0.00 0.00 0.00 0.0 0.0 13 0.08 0.28 0.00 0.0 1.0
12 . . . . . . 12 1.33 0.98 2.00 0.0 2.0
13 15 0.80 1.15 0.00 0.0 3.0 13 1.08 1.04 1.00 0.0 3.0
15 15 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
17 15 2.00 1.93 2.00 0.0 5.0 8 2.88 0.35 3.00 2.0 3.0
18 13 1.15 0.99 2.00 0.0 2.0 13 0.77 0.73 1.00 0.0 2.0
19 14 1.57 2.21 0.00 0.0 6.0 13 0.15 0.55 0.00 0.0 2.0
21 15 1.13 1.25 1.00 0.0 3.0 13 1.54 0.88 2.00 0.0 2.0
22 12 0.00 0.00 0.00 0.0 0.0 14 0.00 0.00 0.00 0.0 0.0
23 15 2.73 2.69 1.00 0.0 6.0 13 2.69 2.63 1.00 0.0 6.0
25 13 1.15 1.21 1.00 0.0 3.0 15 1.53 1.81 1.00 0.0 5.0
26 16 1.44 1.03 2.00 0.0 3.0 13 0.92 1.04 0.00 0.0 2.0

Mean 0.97 0.79 1.08 0.90

No Feedback Feedback

Diary Table 23: 
Mean Numbers Per Day

Number of delivery stops: Frequency                   

Canada Study Phase 1 Diary results 
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Driver Days Proportion Days Proportion
1 4 0.33 2 0.15
2 8 0.67 7 0.54
4 0 0.00 0 0.00
5 8 0.57 2 0.15
6 7 0.30 6 0.43
7 6 0.40 7 0.54
8 1 0.08 0 0.00
10 0 0.00 9 0.64
11 0 0.00 0 0.00
12 . . 1 0.08
13 1 0.07 4 0.31
15 7 0.47 2 0.15
17 8 0.53 3 0.38
18 0 0.00 6 0.46
19 5 0.36 1 0.08
21 8 0.53 10 0.77
22 6 0.50 3 0.21
23 1 0.07 5 0.38
25 1 0.08 1 0.07
26 10 0.63 7 0.54

Mean 0.29 0.29

No Feedback Feedback

Diary Table 24: 
Proportion of Days with Any

Loading/Unloading done by others            

Canada Study Phase 1 Diary results 
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Driver Days Proportion Days Proportion
1 1 0.08 0 0.00
2 4 0.33 2 0.15
4 0 0.00 0 0.00
5 0 0.00 0 0.00
6 0 0.00 0 0.00
7 0 0.00 2 0.15
8 0 0.00 0 0.00
10 0 0.00 0 0.00
11 0 0.00 0 0.00
12 . . 0 0.00
13 1 0.07 0 0.00
15 0 0.00 0 0.00
17 1 0.07 0 0.00
18 5 0.38 1 0.08
19 0 0.00 1 0.08
21 1 0.07 0 0.00
22 2 0.17 2 0.14
23 2 0.13 3 0.23
25 2 0.15 2 0.13
26 0 0.00 0 0.00

Mean 0.08 0.05

No Feedback Feedback

Diary Table 25: 
Proportion of Days with Any

Personal physical activity in Loading/Unloading  

Canada Study Phase 1 Diary results 
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Driver Days Proportion Days Proportion
31 0 0.000 0 0.000
32 0 0.000 0 0.000
33 0 0.000 0 0.000
34 0 0.000 0 0.000
35 1 0.067 0 0.000
36 0 0.000 0 0.000
37 2 0.125 0 0.000
38 0 0.000 0 0.000
41 0 0.000 0 0.000
42 1 0.071 1 0.100

Mean 0.026 0.010

No Feedback Feedback

Diary Table 1:
Proportion of Days with Any

Long delays for traffic                       

Appendix E-2 
 U.S. Study Phase 2 results from Daily Diary    

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 4 0.222 3 0.250
32 2 0.111 4 0.308
33 3 0.167 3 0.300
34 3 0.167 4 0.333
35 10 0.667 7 0.636
36 0 0.000 3 0.273
37 6 0.375 8 0.615
38 0 0.000 0 0.000
41 1 0.056 1 0.083
42 2 0.143 2 0.200

Mean 0.191 0.300

No Feedback Feedback

Diary Table 2:
Proportion of Days with Any

Weather problems while driving              

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 0 0.000 0 0.000
32 0 0.000 0 0.000
33 0 0.000 0 0.000
34 0 0.000 0 0.000
35 0 0.000 0 0.000
36 0 0.000 0 0.000
37 5 0.313 0 0.000
38 0 0.000 0 0.000
41 0 0.000 0 0.000
42 2 0.143 1 0.100

Mean 0.046 0.010

No Feedback Feedback

Diary Table 3:
Proportion of Days with Any

Slow moving on the road                    

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 0 0.000 0 0.000
32 0 0.000 1 0.077
33 0 0.000 0 0.000
34 0 0.000 0 0.000
35 0 0.000 0 0.000
36 0 0.000 0 0.000
37 0 0.000 0 0.000
38 0 0.000 0 0.000
41 0 0.000 0 0.000
42 1 0.071 1 0.100

Mean 0.007 0.018

No Feedback Feedback

Diary Table 4:
Proportion of Days with Any

Traffic jams, making it slow going             

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 0 0.000 0 0.000
32 0 0.000 0 0.000
33 0 0.000 0 0.000
34 1 0.056 0 0.000
35 0 0.000 0 0.000
36 0 0.000 0 0.000
37 10 0.625 7 0.538
38 0 0.000 0 0.000
41 0 0.000 0 0.000
42 1 0.071 2 0.200

Mean 0.075 0.074

No Feedback Feedback

Diary Table 5:
Proportion of Days with Any

Numerous hilly roads, making it slow going     

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 2 0.11 1 0.08
32 1 0.06 1 0.08
33 2 0.11 4 0.40
34 1 0.06 0 0.00
35 0 0.00 0 0.00
36 0 0.00 0 0.00
37 7 0.44 0 0.00
38 0 0.00 0 0.00
41 0 0.00 0 0.00
42 0 0.00 0 0.00

Mean 0.08 0.06

No Feedback Feedback

Diary Table 6:
Proportion of Days with Any

Considerable crosswinds                    

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 0 0.000 0 0.000
32 0 0.000 0 0.000
33 0 0.000 0 0.000
34 0 0.000 1 0.083
35 0 0.000 0 0.000
36 0 0.000 0 0.000
37 0 0.000 0 0.000
38 0 0.000 0 0.000
41 4 0.222 3 0.250
42 0 0.000 0 0.000

Mean 0.022 0.033

No Feedback Feedback

Diary Table 7:
Proportion of Days with Any

Long waits for load assignments              

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 0 0.000 0 0.000
32 8 0.444 10 0.769
33 6 0.333 7 0.700
34 0 0.000 0 0.000
35 6 0.400 0 0.000
36 0 0.000 1 0.091
37 2 0.125 0 0.000
38 0 0.000 0 0.000
41 4 0.222 2 0.167
42 1 0.071 0 0.000

Mean 0.160 0.173

No Feedback Feedback

Diary Table 8:
Proportion of Days with Any

Rest break for eating/hygiene                

U.S. Study Phase 2 Diary results 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
32 18 0.50 0.62 0.00 0.0 2.0 13 0.85 0.55 1.00 0.0 2.0
33 18 0.33 0.49 0.00 0.0 1.0 10 0.70 0.48 1.00 0.0 1.0
34 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
35 15 0.47 0.64 0.00 0.0 2.0 11 0.00 0.00 0.00 0.0 0.0
36 17 0.00 0.00 0.00 0.0 0.0 11 0.09 0.30 0.00 0.0 1.0
37 16 0.13 0.34 0.00 0.0 1.0 13 0.00 0.00 0.00 0.0 0.0
38 17 0.00 0.00 0.00 0.0 0.0 11 0.00 0.00 0.00 0.0 0.0
41 18 0.22 0.43 0.00 0.0 1.0 12 0.17 0.39 0.00 0.0 1.0
42 14 0.07 0.27 0.00 0.0 1.0 10 0.00 0.00 0.00 0.0 0.0

Mean 0.17 0.00 0.18 0.20

No Feedback Feedback

Diary Table 9:
Mean Numbers Per Day
Rest/Eating: Frequency                             

U.S. Study Phase 2 Diary results 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
32 18 0.10 0.13 0.00 0.0 0.4 13 0.16 0.09 0.17 0.0 0.3
33 18 0.07 0.10 0.00 0.0 0.3 10 0.14 0.10 0.17 0.0 0.3
34 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
35 15 0.28 0.48 0.00 0.0 1.8 11 0.00 0.00 0.00 0.0 0.0
36 17 0.00 0.00 0.00 0.0 0.0 11 0.02 0.08 0.00 0.0 0.3
37 16 0.06 0.17 0.00 0.0 0.5 13 0.00 0.00 0.00 0.0 0.0
38 17 0.00 0.00 0.00 0.0 0.0 11 0.00 0.00 0.00 0.0 0.0
41 18 0.05 0.10 0.00 0.0 0.3 12 0.04 0.10 0.00 0.0 0.3
42 14 0.01 0.05 0.00 0.0 0.2 10 0.00 0.00 0.00 0.0 0.0

Mean 0.06 0.00 0.04 0.03

No Feedback Feedback

Diary Table 10: 
Cumulative Durations Per Day

Rest/Eating: Duration                              

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 0 0.00 0 0.000
32 6 0.333 4 0.308
33 2 0.111 0 0.000
34 0 0.000 0 0.000
35 0 0.000 0 0.000
36 6 0.353 4 0.364
37 0 0.000 0 0.000
38 8 0.471 5 0.455
41 0 0.000 2 0.167
42 4 0.286 4 0.400

Mean 0.155 0.169

No Feedback Feedback

Diary Table 11:
Proportion of Days with Any

Rest break including a sleep period           

U.S. Study Phase 2 Diary results 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
32 18 0.33 0.49 0.00 0.0 1.0 13 0.31 0.48 0.00 0.0 1.0
33 18 0.11 0.32 0.00 0.0 1.0 10 0.00 0.00 0.00 0.0 0.0
34 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
35 15 0.00 0.00 0.00 0.0 0.0 11 0.00 0.00 0.00 0.0 0.0
36 17 0.47 0.72 0.00 0.0 2.0 11 0.36 0.50 0.00 0.0 1.0
37 16 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
38 17 0.47 0.51 0.00 0.0 1.0 11 0.45 0.52 0.00 0.0 1.0
41 18 0.00 0.00 0.00 0.0 0.0 12 0.17 0.39 0.00 0.0 1.0
42 14 0.29 0.47 0.00 0.0 1.0 10 0.40 0.52 0.00 0.0 1.0

Mean 0.17 0.00 0.17 0.00

No Feedback Feedback

Diary Table 12:
Mean Numbers Per Day
Rest/Sleep: Frequency                              

U.S. Study Phase 2 Diary results 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
32 18 0.18 0.28 0.00 0.0 0.8 13 0.17 0.27 0.00 0.0 0.8
33 18 0.19 0.62 0.00 0.0 2.5 10 0.00 0.00 0.00 0.0 0.0
34 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
35 15 0.00 0.00 0.00 0.0 0.0 11 0.00 0.00 0.00 0.0 0.0
36 17 0.17 0.27 0.00 0.0 0.8 11 0.08 0.12 0.00 0.0 0.3
37 16 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
38 17 0.35 0.42 0.00 0.0 1.0 11 0.43 0.50 0.00 0.0 1.0
41 18 0.00 0.00 0.00 0.0 0.0 12 0.04 0.10 0.00 0.0 0.3
42 14 0.22 0.54 0.00 0.0 2.0 10 0.20 0.26 0.00 0.0 0.6

Mean 0.11 0.00 0.09 0.00

No Feedback Feedback

Diary Table 13:
Cumulative Durations Per Day

Rest/Sleep: Duration                               

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 0 0.000 0 0.000
32 12 0.667 8 0.615
33 15 0.833 9 0.900
34 0 0.000 0 0.000
35 0 0.000 0 0.000
36 15 0.882 11 1.000
37 0 0.000 0 0.000
38 1 0.059 0 0.000
41 0 0.000 0 0.000
42 0 0.000 0 0.000

Mean 0.244 0.252

No Feedback Feedback

Diary Table 14:
Proportion of Days with Any

Sleep/Nap out of vehicle                    

U.S. Study Phase 2 Diary results 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
32 18 0.67 0.49 1.00 0.0 1.0 13 0.62 0.51 1.00 0.0 1.0
33 18 0.83 0.38 1.00 0.0 1.0 10 1.00 0.47 1.00 0.0 2.0
34 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
35 15 0.00 0.00 0.00 0.0 0.0 11 0.00 0.00 0.00 0.0 0.0
36 17 1.06 0.66 1.00 0.0 3.0 11 1.09 0.30 1.00 1.0 2.0
37 16 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
38 17 0.06 0.24 0.00 0.0 1.0 11 0.00 0.00 0.00 0.0 0.0
41 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
42 14 0.00 0.00 0.00 0.0 0.0 10 0.00 0.00 0.00 0.0 0.0

Mean 0.26 0.30 0.27 0.30

No Feedback Feedback

Diary Table 15: 
Mean Numbers Per Day

Sleep/Nap out of vehicle: Frequency                   

U.S. Study Phase 2 Diary results 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
32 18 3.56 3.02 4.00 0.0 9.7 13 3.22 2.81 4.50 0.0 6.8
33 18 5.85 2.95 7.00 0.0 8.5 10 7.13 3.04 7.25 0.0 12.0
34 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
35 15 0.00 0.00 0.00 0.0 0.0 11 0.00 0.00 0.00 0.0 0.0
36 17 6.25 3.58 6.50 0.0 13.5 11 7.20 1.79 7.50 5.3 11.5
37 16 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
38 17 0.18 0.73 0.00 0.0 3.0 11 0.00 0.00 0.00 0.0 0.0
41 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
42 14 0.00 0.00 0.00 0.0 0.0 10 0.00 0.00 0.00 0.0 0.0

Mean 1.58 1.75 1.75 1.93

No Feedback Feedback

 Diary Table 16:
Cumulative Durations Per Day

Sleep/Nap out of vehicle: Duration                 

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 0 0.000 0 0.000
32 3 0.167 5 0.385
33 3 0.167 1 0.100
34 0 0.000 0 0.000
35 0 0.000 0 0.000
36 4 0.235 5 0.455
37 0 0.000 0 0.000
38 2 0.118 0 0.000
41 0 0.000 0 0.000
42 1 0.071 0 0.000

Mean 0.076 0.094

No Feedback Feedback

Diary Table 17:
Proportion of Days with Any

Sleep/Nap in vehicle                       

U.S. Study Phase 2 Diary results 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
32 18 0.17 0.38 0.00 0.0 1.0 13 0.38 0.51 0.00 0.0 1.0
33 18 0.17 0.38 0.00 0.0 1.0 10 0.10 0.32 0.00 0.0 1.0
34 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
35 15 0.00 0.00 0.00 0.0 0.0 11 0.00 0.00 0.00 0.0 0.0
36 17 0.24 0.44 0.00 0.0 1.0 11 0.45 0.52 0.00 0.0 1.0
37 16 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
38 17 0.12 0.33 0.00 0.0 1.0 11 0.00 0.00 0.00 0.0 0.0
41 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
42 14 0.07 0.27 0.00 0.0 1.0 10 0.00 0.00 0.00 0.0 0.0

Mean 0.08 0.00 0.09 0.00

No Feedback Feedback

Diary Table 18:
Mean Numbers Per Day

Sleep/Nap in vehicle: Frequency                             

U.S. Study Phase 2 Diary results 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
32 18 0.07 0.19 0.00 0.0 0.7 13 0.23 0.34 0.00 0.0 0.8
33 18 0.78 1.93 0.00 0.0 7.0 10 0.03 0.10 0.00 0.0 0.3
34 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
35 15 0.00 0.00 0.00 0.0 0.0 11 0.00 0.00 0.00 0.0 0.0
36 17 0.16 0.33 0.00 0.0 1.0 11 0.34 0.42 0.00 0.0 1.0
37 16 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
38 17 0.12 0.33 0.00 0.0 1.0 11 0.00 0.00 0.00 0.0 0.0
41 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
42 14 0.03 0.11 0.00 0.0 0.4 10 0.00 0.00 0.00 0.0 0.0

Mean 0.12 0.00 0.06 0.00

No Feedback Feedback

 Diary Table 19:
Cumulative Durations Per Day
Sleep/Nap in vehicle: Duration                     

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 7 0.389 0 0.000
32 8 0.444 5 0.385
33 6 0.333 2 0.200
34 8 0.444 2 0.167
35 4 0.267 4 0.364
36 4 0.235 1 0.091
37 5 0.313 5 0.385
38 6 0.353 5 0.455
41 7 0.389 6 0.500
42 2 0.143 2 0.200

Mean 0.331 0.274

No Feedback Feedback

Diary Table 20: 
Proportion of Days with Any

Day off from driving                        

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 7 0.389 0 0.000
32 6 0.333 3 0.231
33 6 0.333 2 0.200
34 5 0.278 2 0.167
35 1 0.067 0 0.000
36 2 0.118 1 0.091
37 6 0.375 3 0.231
38 4 0.235 0 0.000
41 5 0.278 6 0.500
42 2 0.143 2 0.200

Mean 0.255 0.162

No Feedback Feedback

Diary Table 21:
Proportion of Days with Any

Activity on day off                          

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 1 0.056 1 0.083
32 10 0.556 10 0.769
33 2 0.111 2 0.200
34 5 0.278 3 0.250
35 1 0.067 1 0.091
36 1 0.059 3 0.273
37 1 0.063 3 0.231
38 0 0.000 0 0.000
41 1 0.056 4 0.333
42 10 0.714 3 0.300

Mean 0.196 0.253

No Feedback Feedback

Diary Table 22:
Proportion of Days with Any

FMT device gets driver's attention             

U.S. Study Phase 2 Diary results 
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Driver N Mean Std Med Min Max N Mean Std Med Min Max
31 18 0.00 0.00 0.00 0.0 0.0 12 0.08 0.29 0.00 0.0 1.0
32 18 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
33 18 0.00 0.00 0.00 0.0 0.0 10 0.00 0.00 0.00 0.0 0.0
34 18 0.06 0.24 0.00 0.0 1.0 12 0.00 0.00 0.00 0.0 0.0
35 15 0.00 0.00 0.00 0.0 0.0 11 0.00 0.00 0.00 0.0 0.0
36 17 0.00 0.00 0.00 0.0 0.0 11 0.00 0.00 0.00 0.0 0.0
37 16 0.00 0.00 0.00 0.0 0.0 13 0.00 0.00 0.00 0.0 0.0
38 17 0.00 0.00 0.00 0.0 0.0 11 0.00 0.00 0.00 0.0 0.0
41 18 0.00 0.00 0.00 0.0 0.0 12 0.00 0.00 0.00 0.0 0.0
42 14 0.00 0.00 0.00 0.0 0.0 10 0.00 0.00 0.00 0.0 0.0

Mean 0.01 0.00 0.01 0.00

No Feedback Feedback

Diary Table 23: 
Mean Numbers Per Day

Number of delivery stops: Frequency                   

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 0 0.000 0 0.000
32 0 0.000 0 0.000
33 0 0.000 0 0.000
34 2 0.111 0 0.000
35 0 0.000 0 0.000
36 0 0.000 0 0.000
37 0 0.000 0 0.000
38 0 0.000 0 0.000
41 3 0.167 3 0.250
42 0 0.000 0 0.000

Mean 0.028 0.025

No Feedback Feedback

Diary Table 24: 
Proportion of Days with Any

Loading/Unloading done by others            

U.S. Study Phase 2 Diary results 
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Driver Days Proportion Days Proportion
31 0 0.000 0 0.000
32 0 0.000 1 0.077
33 0 0.000 0 0.000
34 8 0.444 8 0.667
35 0 0.000 0 0.000
36 0 0.000 0 0.000
37 1 0.063 0 0.000
38 0 0.000 0 0.000
41 5 0.278 0 0.000
42 10 0.714 7 0.700

Mean 0.150 0.144

No Feedback Feedback

Diary Table 25: 
Proportion of Days with Any

Personal physical activity in Loading/Unloading  

U.S. Study Phase 2 Diary results 
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SUMMARY OF RESULTS FROM CANADIAN DRIVERS 

HUMAN FACTORS STRUCTURED INTERVIEW QUESTIONNAIRE 

 Administered after first 2 weeks following the FMT No-FEEDBACK CONDITION 

and after 4 weeks following the FMT FEEDBACK CONDITION 
 
SECTION A:   ALERTNESS & FATIGUE MANAGEMENT TRAINING COURSE: 
 
Instructions to drivers for Questions 1 through 7: Using the five point scales below, please 
circle the numbers to rate the “Mastering Alertness and Managing Driver Fatigue” training 
course you received from Dr. Krueger before participating in the testing.   

 
Rating scale from 1 to 5 (used for questions 1-6) 

 
 1 2 3 4 5         
 Disappointing/ Of low value/ Neutral/Take Good/ Very helpful/   
  Confusing Not helpful it or leave it Helpful Applicable       
 

Q. 1.  Material/content in the course. 
 Mean rating following the No Feedback Condition  = 4.38 (n = 26) 
 Mean rating following the Feedback Condition = 4.23 (n = 26) 
 
Q. 2.  Knowledge gained from course.  
 Mean rating following the No Feedback Condition  = 4.31 (n = 26) 
 Mean rating following the Feedback Condition = 4.23 (n = 26) 
 
Q. 3.  Applicability of course to my lifestyle.  
 Mean rating following the No Feedback Condition  = 3.88 (n = 26) 
 Mean rating following the Feedback Condition = 3.81 (n = 26) 
 
Q. 4.  The lessons learned will help me in my job. 
 Mean rating following the No Feedback Condition  = 4.46 (n = 26) 
 Mean rating following the Feedback Condition = 4.15 (n = 26) 
 
Q. 5.  I used some of the lessons learned during these past 2 weeks. 
 No Feedback Condition: Yes = 24 No = 2 no answer = 0 
 Feedback Condition: Yes = 23 No = 2 no answer = 1 
 

Appendix F-1 
 Canada results from Human Factors Questionnaire 
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Q. 6.  The lessons learned will be put into practice by me in the future. 
 No Feedback Condition: Yes = 25 No = 1 no answer = 0 
 Feedback Condition: Yes = 25 No = 1 no answer = 0 
 

Q. 7.  Please write your general comments about the ALERTNESS & FATIGUE MANAGEMENT TRAINING course. The material. It’s usefulness 
to you. Things you might want changed or improved, etc. 

 
Comments summarized from 15 Drivers 
 
Driver:  Material was adequate, we should have had a day or 2 prior to the course to read 
all material, etc. 
 
Driver:  As my driving run is a set start time the lessons would be hard to use at present. It 
would be far more useful on open dispatch. 
 
Driver:  It will help me to know what to watch for on the job; knowing where my 
weakness lies. I believe it will be of good use for me in the future of my work and social 
life.  
 
Driver:  Well directed to aim of study and reason for testing with findings from study to be 
applied to any future driving regs. and possible installation of certain equipment in 
vehicles. This fatigue material should be transferred into a driver education program. 
 
Driver:  It was very well explained 
 
Driver:  Much improved my awareness of fatigue and gave me feedback as to when I was 
more tired than what I was admitting to myself. 
 
Driver:  Fatigue material brought everything back to the surface, made sense.  He is from a 
driving family, father, uncles, etc. He discussed these FMT items with his Dad, especially 
the HPCS, which he likes a lot.  He says there are some bad drivers out there who don’t 
stop when they should.  He says he knows pretty well when he’s fatigued and when to shut 
truck down for a rest.   
 
Driver:  I will get more sleep.   
 
Driver:  I found the course quite interesting.  I discovered that I already instituted man of 
the fatigue management criteria in my daily driving.  I just didn’t know what I was doing 
or why.  I now have a better understanding of fatigue and it’s general effects. 
 
Driver:  (after first 2 weeks) So far it has been useful focusing this driver’s attention to the 
amount of fatigue we experience.  Not taken for granted as much any more. 
 
Driver:  (after 4 weeks) The course was very good.  It shed light on often forgotten 
subjects. Drivers just assume that being tired a lot, not sleeping well, or irregularly, is 
normal.  It is refreshing to see study and research being done on this most important 
subject.  – Sleep levels (stages 1-5) were particularly interesting. 
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Driver:  Very useful.  I learned some new things and others I’d forgotten about.  I thought 
it was very good. It helped remind me of things I had taken in the past. 
 
Driver:  I have had previous courses on it. 
 
Driver:  I did enjoy doing it.   It left me wanting another 2 weeks to fine tune the systems.  
It would be great to take the course again because I have a lot of Q.s. 

 
Driver:  Most rules and hints I have used on daily basis. As I have had previous exposure 
to program. 
 

______________________________________________________________________________ 
 
 
SECTION B:  SLEEPWATCH  WRIST MONITOR 
 
Questions 8 through 18, instructions to drivers: Please rate the SleepWatch Wrist Monitor, 
a personal sleep management tool meant to help you enhance your alertness for driving. Base 
your ratings on everything you did or experienced using the equipment during the several weeks 
you participated in our project.  
 
Q. 8.  Approximately what percentage of the time (24/7) during these past 2 weeks, while 

you participated in the study, did you wear the SleepWatch? 
 

Summary of results:  All but 2 drivers indicated they wore the SleepWatch between 90 
and 100% of the time the entire 4+ weeks we asked them to wear it 24/7.  The debrief 
interviews recorded occasional lapses in compliance, as did the actual data themselves. 
 

Q. 9 If you did not wear the SleepWatch continuously, (i.e. almost 100% of the time) what 
were some of the circumstances surrounding when you did not wear the SleepWatch?  
 
Summary results:  There were a variety of reasons given as to when and why drivers 
might have had the SleepWatch off their wrists from time to time. A representative sample 
of their explanations follows: 
 
Driver:  Wore it all times. I wore the sleep watch 100%. I had it off when I took my bath 
that’s all. (Other drivers also indicated they removed it when showering, or bathing, 
swimming; doing yard work.) 
 
Driver:  I don’t wear a wristwatch; I dislike them. This driver said several times he found 
he had taken it off for hours during sleep and he had to look for the SleepWatch in bed 
after awakening. 
 
Driver:  Once in the first week to do dishes – Once in third week left it on dining room 
table all night. 
 
Driver:   It was off my wrist for 4 days for the long week, and while I was working on the 
farm. 
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Driver:   I forgot the sleep watch first night Feedback.  It was off my wrist – he showed it 
to his wife and set it down and forgot it. 
 
Driver:   I had been informed of wrong date for completion of study, so I took it off 
several days early. 
 
Driver:   I would take off when socializing, because it made my wrist smell badly. 

 
 

Q. 10. Was it bothersome to have the SleepWatch Monitor continuously on your wrist? 
  

Summary of results:  A total of 16 drivers (62%) during No Feedback condition and 15 
(58%) drivers in Feedback condition wrote “no” in answer to this question. Examples of 
responses from the other 10 drivers (38%) who answered “yes” follow (more than 1 
comment came from multiple drivers): 
 
Driver:  Yes. It’s too big. I do not like to wear a watch, so I found it bothersome.  
  
Driver:  Yes. It’s too big and bulky.  The wristband is too long 
 
Driver:  Yes.  It was very uncomfortable since I do not wear a watch.  Also the small metal 
tag on back cut my wrist. 
 
Driver:  Yes. I never wear any jewelry and therefore I found it unusual to be wearing the 
watch. 
 
Driver:  Yes. Because I don’t wear a watch 
 
Driver:  Yes.  I don’t wear a watch to bed 
 
Driver:  Yes. I don’t wear a watch normally but I got used it as time went on. 
 
Driver:   I’m not used to wearing a watch, it left nasty rash on my wrist. 
 
Driver:  Yes. Skin irritation; it also was too bulky.  Another said the metal was causing an 
irritation; and it was also too big.   
 
Driver:  Yes. Skin rash developed – the watchband smelled – just generally it was 
uncomfortable, but I am not a watch wearer. 

 
Driver:  Yes. It’s not possible to wash properly. I got a small rash from rubbing, but it 
went away eventually.  I wore it in the shower, got soap around the band. Then got a rash. I 
had to use an antiseptic cream and that cleared up the rash. 
 
Driver:  Just when it is hot outside.  The wristband is sticky. 
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Driver:  When it was humid, I really didn’t want to wear the watch. 
 
Driver:  No.  I am normally not a watch wearer – so I was surprised that it didn’t bother 
me.  It felt funny to wear it in the shower. 
 
Driver:  Yes. It would be nice if it was slimmer so it didn’t interfere with work gloves. 
 
Driver:  Yes. A little too big on me.  Keeps getting caught on things. 
 
Driver:  Yes. The little plastic sticker on the back of the watch was very annoying. 
 
Driver:  Only problem with watch was either too loose or too tight.  Woman’s wrist 
structure needs to be accommodated. 
   
Driver:  Yes. Yes. Yes. It smells, gave me a rash and bruised, its bulky. 
 
Driver:   The watch should have a “date display” and should be able to monitor pulse rate, 
and have a 24-hour clock. 
 

 
 Rating scale from 1 to 5 (used to answer question 11)  
 

   1          2 3 4         5 
Strong dislike/    Not satisfactory/ Neutral  It’s helpful/   Very helpful/ 
Needs much  It needs some opinion  It was okay I liked it 
improvement improvement         about it  

 
 
Q. 11. The SleepWatch numerical rating mirrored the way I felt     
 Mean rating following the Feedback Condition = 3.50 (n = 26) 
 
 

Q. 12. SleepWatch provides useful information for managing a person’s sleep schedule      
  

Summary of results:  A total of 14 drivers (54%) during the Feedback condition wrote 
“no” in answer to this question, the remaining 12 (46%) wrote “yes”. 

   
 

Q. 13. Did you like the SleepWatch scale of alertness (e.g. 1 to 99)? 
 

Summary of results:  A total of 19 drivers (73%) during the Feedback condition wrote 
“yes” in answer to this question, the remaining 7 (27%) wrote “no”. 

Q. 14. Can you suggest a better way to display the SleepWatch information?   
 

 Comments summarized from 8 Drivers 
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Driver:  No, the way it displayed is correct. 
  
Driver:  On the wrist is good.  Just need to streamline it. 
 
Driver:  Make “P”: info appear on face at all times.   
He said he rarely depressed the button to get the “P” value; rather, he frequently consulted 
only the “hash” marks as an indicator of his level of alertness, or accumulated sleep, etc. 
 
Driver:  Present the per-day sleep time basis, as well as present the per week information. 
 
Driver:  Not at this time.  I find it was okay. Another wrote: I believe the display is fine. 
 
Driver:  No, I think the display is fine; it just didn’t seem to reflect how I felt. 
 
Driver:  Went to bed @ P=75, was that good or bad?  It’s very hard to interpret the P 
numbers. 
 
Driver:  Perhaps pinned to the shirt, jacket or design it as a hearing device. 

 
 
Q. 15. SleepWatch information provided was helpful supporting my sleep 

planning/managing alertness during the past 2 weeks 
Mean rating following the Feedback Condition condition = 3.27 (n = 22) 

 
 
Q. 16. I would like a SleepWatch for myself? 

 
Summary of results:  A total of 15 drivers (58%) wrote “no” in answer to this question 
while 10 drivers (42%) responded “yes”.  One driver left this question blank.  Selected 
comments follow. 

 
Driver: Yes.  It seemed to match my alertness     
 
Driver:  No..  It must be of some help; but we know when we are tired. 
  
Driver:  No.  I found it hard to read. It says I’m tired when I’m not; and not tired when I 
was. 
 
Driver:  No.  I don’t like watches and I sleep when I feel the need.  I could not fall asleep 
on command. 
 
Driver:  No.  It’s of no use to me. I did not depend on the SleepWatch. I know when I am 
tired. If you give this to women truck drivers you need to make it look like attractive 
jewelry. 
 
Driver:  No.  It needs more testing. I’m not sure if it is good or not. 
 
Driver: Yes.  It helps to know when I am pushing it. 
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Driver:  No.  It read a P of 79 or 80 and I couldn’t relate it to myself when I’m “half-tired.” 
Then this driver questioned what half-tired means? When am I really fatigued, at a P of 50 
or 30? 
He rated SleepWatch at a score of 4 out of 10 on a 1 to 10 scale, and he said, recall I have a 
bias against wrist watches. 
 
Driver:  No. Driver was interested at what my P rate was at different times of the day.  The 
hash marks and the “P” value correlated the same at night 75-76; and in daytime at P= 86 
or so.  They were in pretty close agreement. 
 
Driver:  No. One weekend, I was up over 24 hrs but the SleepWatch never went under 
P=75.  It’s a nice guideline. 
 
Driver: Yes. When asked to rate FMT devices on scale of 1 to 10 this Driver rated 
SleepWatch a score of 8 to 9 and said he would want it.  She “enjoyed the watch”; she said 
she simply consulted the hash marks and rarely pushed the P button.  
 
Driver: Yes. It’s good.  It tells me that I am really tired even though I don’t think I am 
sleepy. 
 
Driver: Yes.  I would also like one for my fiancé. He seems to keep driving even when he 
is too tired. 
 
Driver:  No.  At this time, I am very over-tired – last proper sleep ended 17 hrs ago – but 
the P still reads 75%. 
 
Driver: Yes.  It would be very useful to plan sleep and to check up on yourself. 
 
Driver:  No.  When I would wake up, the watch would say 89; 2 hours later: 98.  When I 
went to sleep P was at 85. That’s confusing to me. 

 
 
Q. 17. I would recommend SleepWatch to fellow drivers. 
  

Summary of results:  A total of 13 (50%) drivers responded “yes” to this question, and 13 
(50%) responded “no”.  Selected comments follow. 
 
Driver:  No.  SleepWatch gave P scores which were too high. I got 89s when I was in fact 
sleepy.  The SleepWatch needs a pushbutton Light & Date. I needed to turn on the light in 
my sleeper berth to read the SleepWatch in the middle of night to see the time.  
 
Driver:  No.  A Light and the Date are needed on SleepWatch. In the middle of night, 
asleep, I wake up, and I can’t see sleep watch, so I must then turn on the dome light to see 
the time. 
 
Driver:  SleepWatch – it’s a pretty cool device and I liked it.  But when humidity is high 
the wristband chaffed my wrist.   
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Driver:  Yes.  He likes it.  Wants a pulse monitor to know if driver is to sleep.  -can’t put it 
in water; -convinced mom she was too tired to do dishes; -she liked it as she looked at it 
and said yes I should get more sleep so my allergy medication would work better.  -she 
looked at “P” & at hash marks; -she does a lot of swimming and took it off; -she got a low 
50s score and lots of 100s. 

 
Driver:  No.  He rated the SleepWatch = 7 o a scale of 1 to 10. He said you should not 
have to have a watch to tell you when to go to bed. Driver should monitor his own fatigue. 
He thinks the “dollar” drives driver fatigue; that is drivers drive too long to make more 
money. 

 
Often his Sleepwatch did not reflect a realistic “P” value as for example, he said at noon 

yesterday he was really tired, even fatigued, the SleepWatch read P=89. He got off the road 

to take a nap.  He said it read P=high 90’s one night when he was bleary-eyed driving his 

wife home and could barely stay awake.   

 
He complained the experimenters gave him too little information about the meaning of the 
SleepWatch “P: values.  That is, what does P= 75, or 89, or 93 mean?  He questioned the 
relationship of P values to his experience. For example, he would get up and it would read 
89 or so and only after driving through several hours till mid-morning would the “P” climb 
to 95 or so.  It seemed it should have read 95 first thing after awakening, not hours later. 

 
Driver:  No.  He rated the SleepWatch 6 on  scales.  Out of all the fatigue gadgets, it was 
out of whack most days. One day it was at 100, but when he worked on the farm, he took 
SleepWatch off for 3 days and would work around and in equipment grease. On Sept 6th 
when he handed in his SleepWatch, it read 64% - but he insisted he had the afternoon the 
day before.  2 hrs 1030 – 1230 he slept.  Then he slept 8am to 11am the day he was 
debriefed but he was still groggy.  He said: I don’t understand the readings – like the P=64 
today 
 
Driver:  Blank, presumed “no”.  She rated the SleepWatch 5-6; and said it was too big, too 
bulky, and it irritated the wrist.  
 
Driver:  No.  She rated the SleepWatch a 2 on a scale of 1 to 10. Said it was useless; not at 
all useful. 

 
 
 
Q. 18. What suggestions do you have on how to improve the SleepWatch to make it more 

useful for truck drivers? 
 

Driver:  Make it thinner – give it a light for night use.  Should be able to take it on and off 
when you want to without it getting it confused. 
I found that the watch would not read properly.  On a Monday that I had to work I did not 
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get any sleep the night before and it said that I was not fatigued. Another problem that I had 
is that when I went to bed I would be wearing the watch and when I woke up it was gone 
from my wrist.  I must have removed from my wrist while I was a sleep. 
 
Driver: It’s a gadget you like it or you do not. If it’s to be a useful gadget it would have to 
be a “multi-function watch” that does several other useful things.  We drivers don’t need 
more gadgets; we even cut down on clothing so as not to produce more laundry – travel as 
light as we can. 
 
Driver: I don’t think something like that will work or people will not trust it enough. 
 
Driver: It’s a bit bulky. It could be wider but thinner. 
 
Driver: Some days when he had sleep it didn’t match his sleep pattern; RT was high (slow) 
on PVT, and he was tired, fatigued & sleepy, but the SleepWatch conflicted w/ the PVT 
RTs.  This driver was over 50 yrs old; and we might Q. which WRAIR sleep model he had 
in his particular watch. 
 
Driver:  When he read the P=75, he also thought he needed a nap.  He thought the 
SleepWatch could be useful.  He rated it 8 to 9 on scale of 1 to 10.  The watch is a little bit 
thick and it could be a little smaller.  So he would want a sleep watch.  He consulted the 
hash marks more than the “P” value, didn’t even need to push the button to look for the P 
value. 
 
Driver: he checked almost every day; like both the hash marks, & “P” on it. It’s a little bit 
thick. He wore it all the time, never took it off –took a shower, he dunked it into his pond a 
few seconds while working in the yard; but it seemed okay on Sunday. 
 
Driver: She wants a dated light on SleepWatch. 
 
Driver: Show in the dark. 
 
Driver: put a pulse monitor, date & alarm in it, like a Timex type of watch. 
 
Driver: Perhaps it needs a re-calibration. I never saw it below 71%. 
 
Driver: Make it thinner.  With a P = high 70’s, hash marks were sort of helpful reflecting 
amount of sleep. 
 
Driver:  Add a calculator to it. 

______________________________________________________________________________ 
 
 
SECTION C:  SAFETRAC WINDOW MOUNTED CAMERA AND LANE TRACKING DISPLAY 
 
Questions 19 through 32, instructions to drivers: Please rate the SafeTRAC Window 
Mounted Camera and Lane Tracking Display. 
 
Answer Q.s on the SafeTRAC System based upon monitoring your driving within the lanes, etc. 
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Q. 19. The SafeTRAC camera position in the windshield distracted me? 
 

Summary of results: A total of 23 drivers (88%) wrote “yes” in response to this question.  
Examples of responses from the remaining drivers (12%) who responded “no” follow: 
 
Driver:  No, only at the beginning. 
 
Driver:  No.  I thought that it was in the right spot.  It is small enough that it does not 
interfere with looking out the window. 

 
 
Q. 20. The SafeTRAC system was easy to adjust 
 

Summary of results:  A total of 15 drivers (57%) responded “yes” to this question, 7 
drivers (responded “no”, and 4 drivers left this question blank or indicated that the question 
did not apply or they did not have to adjust the SafeTRAC system.  

 
Experimenter’s notes:  Throughout the 4-week study, we asked the drivers not to make any 
adjustments to the SafeTRAC controls.  The SafeTRAC system provides a user with a set of 
procedural and sequential steps which necessitate making sequential pushbutton steps on the 
volume control knob to set several preferential tolerance parameters of when it would “beep” to 
alert the driver that his/her truck tires had crossed a road lane line, and to set some limits on the 
volume of the beeps. Presumably an owner of the SafeTRAC system would become familiar with 
these control parameters and know how and when to make such preferential adjustments. 
 
However, for experimental control, to ensure all drivers were obtaining similar SafeTRAC 
feedback in this study, we asked the drivers not to make adjustments.  And we did not give them 
the instruction sheets on how to set the SafeTRAC parameters, nor train them to do so.  We set it 
up one way and expected the drivers to leave those settings alone.  The thinking was that out 
there on the road we would have no way of determining what settings the driver was using and 
when; and also there would be no way to ensure the driver reset the controls for dynamically 
changing road conditions.    
 
This experimental control provision proved to be somewhat problematic, because the drivers 
expressed numerous complaints about the SafeTRAC parameters being too sensitive.  It 
“beeped” at them at them much more frequently than it should, especially when on narrow or 2 
lane highways, where the painted road lane lines were closer together than they are on interstate 
highways.  Unfortunately, from time to time, for some drivers this beeping also occurred during 
the “no feedback” condition, during a time when they drove it without benefit of the SafeTRAC 
lane position display because it was shrouded over, but they occasionally heard beeps. 
 
In subsequent experimental work with the SafeTRAC the conditions of driver control over the 
beep, volume, and display parameters will have to be thought out much more carefully in 
experimental design and procedural set up.   
   
During the study, there were several instances when both the drivers and the experimental 
assistants were not sure the SafeTRAC system was calibrated properly.  This happened at least 



 
 

 324

twice when broken windshields had to be replaced and the maintenance personnel who 
reinstalled those windows had to re-mount the SafeTRAC camera, and recalibrate it themselves. 
At other times, the SafeTRAC mounting and calibration came into Q., while the driver and truck 
were out on the road.  We had to await the driver returning to the home station for frequent 
check outs of the SafeTRAC system.   
 
In this study the FMT systems were always “on” when the truck was Power up; so for example 
the FMT devices, like SafeTRAC had power on while a driver slept with the truck power turned 
on. Several drivers reported the SafeTRAC beeped at them when someone or something moved in 
front of the truck while the truck was actually stationary.  
 

Comments summarized from 12 drivers: 
 
Driver:  Yes, if it is adjusted properly to begin with.  
 
Driver:  N/A.  I never adjusted it. 
 
Driver:  No.  The volume is too loud. Can’t seem to turn it down. 
 
Driver:  No, it wouldn’t stop beeping.  SAFETRAC would calibrate and say “calibration 
failed” and would also beep and ask me if my window was clean.  I had no way to adjust it 
properly. 
 
Driver:  Yes, but the plug in the back of SafeTRAC kept coming out when I closed/opened 
curtains at sleep time. 
 
Driver:  No.  I didn’t have to adjust other than had to set drift alert. 
 
Driver:  No, maybe procedures for adjusting it should be covered in our training class; we 
where not taught how to adjust the SafeTRAC. 
 
Driver:  The noise I found was annoying. 
 
Driver:  Beeper going off when it should not. 
 
Driver:  The SafeTRAC could use a little wider field.  It was sounding when I was more 
than 1 foot from the lane markers. 
 
Driver:  The SafeTRAC should not be so sensitive while road lanes are changing in width, 
i.e. in construction zones. 
 
Driver:  It is too sensitive and annoying 

 
   
21. Use and location of SafeTRAC controls were good? 
 

Summary of results:  A total of 17 drivers (65%) responded “yes” to this question, the 
remaining 9 drivers (35%) answered “no”.  Selected representative comments from 13 
drivers follow. 
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Comments summarized from 13 Drivers:  
 
Driver:  Yes.  We can see the screen right away. 
 
Driver:  Yes.  Easy to use and also to read.  
 
Driver:  No.  Location was not good – although it was temporary. 
 
Driver:  Yes, but it needs to be set to right.  On the truck’s left side it would go off (beep) 
with space between my tires and the lane. 
 
Driver:  No.  Should incorporate the SafeTRAC into the instrument panel of the truck.   
Put it into the dash for driver’s line of sight It would be better somewhere in dashboard. 
 
Driver:  No.  Too much distraction on dash area. 
 
Driver:  No.  The box was distractive and blocked my view of the Dolly mirror. 
 
Driver:  Yes.  Not too bad. But maybe better off mounting it to one side. 
 
Driver:  Yes.  Need to position the wires in a better way if SafeTRAC is installed 
permanently. 
 
Driver:  No.  It blocked my mirror view 
 
Driver:  No.  Interfered with the location of CB radio 
 
Driver:  Expressed concern about keying the radio microphone for any length of time.  In 
the Volvo his CB radio was mounted under his SafeTRAC, and it interfered with 
SafeTRAC’s displayed hash marks indicating his truck location within the lane.  Keying 
the CB microphone caused SafeTRAC vehicle position indicator to go to one side or the 
other, or to the middle.  He would purposely key the microphone and cause this to happen 
and look at the display to break up the monotony of driving. He found that when he talked 
on the CB, the SafeTRAC would beep.  It needs RFI shielding. 

 
Q. 22. Operation of SafeTRAC was consistent and understandable? 

 
Summary of results:  A total of 20 drivers wrote “yes” in answer to this question.  The 
remaining 6 drivers responded “no”. 

 
Comments summarized from Drivers: 

 
Driver:  Yes.  Did not like it at all 
 
Driver:  No.  In bad weather “Rain, Snow, Fog” it was not accurate. 
 
Driver:  No.  It seemed to beep even when not crossing or nearing lines on the road.  It 
even beeped when the truck was stationary. 
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Driver:  Yes.  It beeped too much – SafeTRAC score #’s were in the mid 80’s.  He liked 
the lane displacement display; he mentioned liking it 3 times, it told you right where you 
were. 
 
Driver:  I found when talking on the C.B. it would beep. 
 
Driver:  No, sometimes it would pick up lines that were not there. 
 
Driver:  No. Couldn’t figure out how to turn volume down so at night I turned SafeTRAC 
off. 
 
Driver:  Yes, I hate the LOUD beep.  It gave me a headache the first couple of days. 

  
 
Q. 23. The SafeTRAC numeric display could be read easily?    

 
Summary of results:  A total of 25 drivers (96%) responed “yes”, that the numeric display 
could be easily read.  One driver (4%) responded “no” 

 
Comments Summarized from 8 Drivers:    

 
Driver: Yes, distracting.  Get rid of cursor. 
 
Driver: Yes, install RFI shielding or get rid of it.  It interrupted voice on radio.  And it shut 
off at low speed. 
 
Driver:  No, not during the day. 

 
 
Q. 24. SafeTRAC’s numeric indicator (1-99) frequently got my attention while driving?   

 
Summary of results:  A total of 19 drivers (73%) responded “yes” to this question, and 7 
drivers (27%) answered “no”. 

 
Comments summarized from 10 Drivers:   

 
Driver:  No, not really. 
  
Driver:  Yes.  Attained scores as high as 95. 
 
Driver:  No, he said the SafeTRAC beeped too frequently.  He wanted to rip it out of his 
truck. It could not differentiate too many things, situations like city street markings where 
there were too many painted lines to cope with. It was an annoyance. 
 
Driver:  Yes, if lanes narrowed, the display would still show a wide lane. It would attract 
my attention. 
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Driver:  Yes.  When tired it did tell you that you were.  But, it’s a little too sensitive, e.g. in 
Detroit it beeped too much, and after a while you shut it out of mind. 
 
Driver:  Yes.  I kept looking at it to see what it was reading. 
 
Driver:  No, I found it would say “clean window” even when the window was clean. 
 
Driver:  Yes, I tried to stay in center of lane. I got scores of 98 for a long time. My lowest 
#s were about 83; I would strive for a score of 99, but couldn’t get it. 
He looked at numbers a lot; his highest score was “98.”  He was trying to keep the numbers 
high, like a computer game, and to control it with not much beeping; it never beeped at 
him.  After the first day it beeped.  He claims to have actually obtained a score of 98 for as 
long as 15 minutes, and even for as long as a full hour. 
 
Driver:  Yes!  I ride close to the white line and it made me see just how close I really do 
ride. 
 
Driver:  Yes.  I kept trying to get a higher score. 
 
Driver:  Yes,  the highest score I could get was 98. It seems that the higher the number, the 
harder it was to move up a point. 
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Rating scale from 1 to 5 (used for questions 25 through 27) 
 
 1 2 3 4 5 
Strong dislike/ Not satisfactory/ Neutral It’s helpful/ Very helpful/ 

Needs much It needs some opinion I like it I’d Use it 
improvement improvement about it  

 
Q. 25. SafeTRAC’s crossing the lane alert feature could be trusted 
 Mean rating following the Feedback Condition = 3.36 (n = 25) 
 

Driver comment: N/A it wasn’t set properly when uncovered, and the alarms didn’t go 
off. 

 
 
Q. 26. Displayed information provided was reliable; the display usually 
 accurately depicted my driving with regard to tracking the lanes 
 on the road?    
 Mean rating following the Feedback Condition = 3.50 (n = 25)  
 

Driver comment:  I rate it a 2.  Not in the day, display could not be read. 
 
 
Q. 27. SafeTRAC warned me of poor lane tracking only when I thought it was 

appropriate?   
 Mean rating following the Feedback Condition = 2.96 (n = 26)  
 

Summarized comments from 2 Drivers: 
 
Driver:  Rated it a 1.  Warned me at inappropriate times.  This driver favors driving on the 
right side of the road.  He does not get wind drag from a 2nd truck passing and the trucks 
weave.  So you pull your truck to the right side to give other passing trucks room. 
 
Driver:  Rated it a 3.  Warned me all the time. 

 
 
Q. 28.  SafeTRAC helped me drive more safely?  

Summary of results:  18 drivers (69%) responded “yes”.  The remaining 8 drivers (31%) 
responded “no”.  Representative comments follow. 
 
Summarized comments from 19 Drivers: 
 
Driver:  Yes, it made me more aware of what I was doing.     
 
Driver:  Yes, because when I’m tired now I stop and make a nap sleep (break). 
  
Driver:  Yes, I tried to keep truck from drifting. 
 
Driver:  No, it would only be good if I was sleepy and wandered on the road. 
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Driver  No, there was not enough room to move between lanes before it would go off 
(beep). 
 
Driver:  No.  The lines and lanes are not painted the same everywhere; so it would beep in 
places it should NOT. 
 
Driver:  No.  In bad roads and bad weather in Indiana, with a single lane cleared, you 
could not stay in lane; SafeTRAC beeped a lot. 
 
Driver:  Yes.  It kept me more aware of how I was driving on the highway and it kept me 
between the lines. 
 
Driver:  Yes.  I have a thing for riding close to the line. 
 
Driver:  Yes.  It kept you aware you were in the lane. 
 
Driver:  No.  It keeps you more on your toes 
 
Driver:  Yes.  I stopped riding so close to the line.  I am now more Center. 
 
Driver:  Yes.  It kept me with in lane markers. 
 
Driver:  Yes.  It kept me using signals much more often. 
 
Driver:  Yes.  I learned more about my driving skills. 
  
Driver:  Yes.  It kept me more one the ball; I was better on my driving. 
 
Driver:  Yes.  It was good to see how I drive. 
 
Driver:  Yes.  It made me aware of the wandering I was doing. I didn’t realize it. 
 
Driver:  No.  I didn’t watch my mirrors as much trying to make sure I was in the lines. 
 

 
Q. 29. SafeTRAC helped me avoid a potential accident?  
 

Summary of results: 
 

 Answer Yes:    22 drivers 
 
 Answer No:     3  drivers 
  
 Answer blank:  1 driver 
 

Driver comments:  
 
Driver:  No.   But it warned me a couple of times of other vehicles in my right of way.     
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Driver: Yes  Alarm would sound when I’m picking up something on floor. 
 
Driver: Yes.  It always warned when something was beside me where I couldn’t see. 
 
Driver:  No.   How about maybe, sometimes before you might get mighty close with the 
trailer to something else, and not know it. 

 
 
Q. 30. SafeTRAC’s alertness index helped me decide when to take rest breaks?  
 

Summary of results: 
Summary Totals for Q. #30: 
 
Answer Yes:    12 drivers 
 
Answer No:     14 drivers 
 

Summarized comments from 11 drivers:  
 

Driver:  No.   I did not need to take a break – my shift was not long enough to really take a 
break. 

 
Driver: Yes.  It is excellent 

 
Driver:  No.   Normal break every 2-3 hrs. not including lunch. 

 
Driver:  No.   Sometimes it would go off after only 2 1/2 hrs driving. 

 
Driver: Yes.  It helped in confirming my opinion of my own level of alertness – it did 
show me that being tired, one did weave more often in lane. 

     
Driver: Yes.   It show me once to take a break. 

 
Driver: Yes.   Mostly I knew when I needed a break. 

 
Driver: Yes.  When excessive warning beeps occurred I stopped to take break or rest; I 
found that when warning beeps became obnoxious, I was usually tired and short tempered. 

 
Driver: Yes.  When I couldn’t keep it down the straight and narrow it   
     was time to stop. 

 
Driver: Yes.  Once when I did not pay attention to myself it reminded    
 me that it was time to stretch. 

 
Driver:  No.  I am a city driver; breaks depend on my loads. 

 
 
Q. 31. I would like SafeTRAC installed in my truck?  
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Summary of results: 

 
 Answer Yes:   13  drivers 
 
 Answer No:    11  drivers 
 
  Answer both yes and no:   1 driver 
 

Driver comments:   
 

Driver: Yes.  It’s very good to stay straight on the road. 
  

Driver: Yes & no.  I liked it; but after awhile it got a little bothersome. 
 

Driver: Yes.  If it’s adjusted accurately, it would help. If set up properly – to driver’s 
discretion. 

 
Driver:  No.  Its no good. I think its no good in the format it’s in, and needs a lot of 
improvement before I want it in my truck. 

 
Driver:  No.  You got to drive 100% all the time or it beep at you.  It is very hard to drive 
10 hours at 100%. 

 
Driver: Yes.  I liked it very much.  I really enjoyed it.  And if they fix the beeping; the 
beeping could be quieter. I could get used to having this in the truck.  It’s easy to use and in 
an easy spot to get at.  I like the idea that SafeTRAC alerts the driver that he has left turn 
signal “on” and SafeTRAC alerts him if he forgets to turn off the turn signal.   

 
Driver: Yes.  I think I would if it was consistent. 

 
Driver: Yes.  It would be very helpful in heavy city traffic. 

 
Driver:  No.  I did not like the beeping at night. Frequently it disturbed my sleep.   

 
Experimenter note: in this study the FMT systems were always “on” when the truck was 
Power up; so for example the FMT devices, like SafeTRAC had power on while a driver 
slept with the truck power turned on.   

 
Driver:  No.  I wouldn’t want one in my truck because of the beeping noise.  It beeped 
even when I was changing lanes. 

 
Driver: Yes.  This of all the things in the study I thought the most useful. 

 
Driver:  No.  Too many distractions. 

 
Driver:  No.  DEFINITELY NOT !!! unless beep is quieter. It needs to have a switch for 
city/highway driving. City roads are much narrower. 
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Q. 32.  I would recommend SafeTRAC to fellow truck drivers?  ____ yes  ____ no 
 
 Summary Totals for Q. #32 
 
 Answer Yes:   17  drivers 
 
 Answer No:     6  drivers 
 
  Answer both yes and no:   1 driver 
 
 Answer blank:  2 drivers 
 
Overall comments or recommendations regarding the SafeTRAC system?  
 

Driver: Yes.  He said it was a good system.  He liked it in Ottawa, where while it was 
snowing, the SafeTRAC picked up the perimeter markers, (roadway shoulders) even while 
there were no lanes to be seen.  He could keep it to 80-90 on display.     

 
Driver: Yes.   For the fatigue and safety on the road, it could be help every driver. 

 
Driver: Yes.  It is a good system to have and it might help reduce impairment on the road 
due to being sleepy. 

 
Driver: Yes.. Its good at night on the highway. Enjoyed SafeTRAC very much. 

 
Driver: Yes.. I think a lot of drivers would like it in the truck.  

 
Driver: Yes..  It’s very good.  Very good and useful. 

 
Driver: Yes.   I liked it. He said of all FMT devices he really liked operating with the 
SafeTRAC. It kept him more attentive to his driving. He mentioned reaching down to pick 
something off the floor and SafeTRAC beeped at him. It beeped at him at shoulder of road 
too. 

 
Driver:  No.   It did not do well tracking at night with heavy spray (rain).  

 
Driver:  No.   Annoying beeps when vehicle passes in front even when stopped in the 
parking lot.  It’s too big. The curser is annoying. 

 
Driver:  No.  It’s no good.   

 
Driver: Yes and no.  When you need it, like in bad weather, that is when you can’t rely on 
it.  So why have something in the truck that works only when conditions are perfect? 

 
Driver:  No.  I didn’t like it, and I found the SafeTRAC display useless during the day.  

 
Additional SafeTRAC comments from debriefing interviews :  
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Driver:  Out of all the FMT devices he liked SafeTRAC the best—he has high 80’s late at 
night, early in AM, “yep I’m over the line most of times” 

 
Driver:  This I liked the most. It really showed how much I wander without realizing it 

 
Driver:  The SafeTRAC read out display should be directly in front of drivers. Line of 
sight; built into the dash. 

 
Driver:  SafeTRAC is a great system. I want one in my personal vehicle     

 
Driver:  There are too many distractions for SafeTRAC equipment to handle. Can’t tell 
differences in construction zones or sudden changes, especially when you are being 
crowded due to other traffic. 

 
Driver:  In traffic it’s of no use, SafeTRAC was beeping away & if goes off too often you 
ignore it, went off a few times when stationery) 

 
Driver:,  SafeTRAC should check if a driver’s performance score number say 85, had 
dropped to 80 units over a short time, and then it should beep as a warning to the driver.  
The driver could then push a button to acknowledge the alert.  For example, because of 
construction scenes.  It improves one’s driving.  

 
Driver: said, that on truck #1868, SafeTRAC beeped and then displayed “clean window” – 
at least 4 times per night; rained off and on and still displayed “clean window” even though 
it was clean. His lowest number was about 71.  With a solid painted line on the road 
SafeTRAC would beep once; with a broken line, it beeped 3 times. 

 
Driver: he rated SafeTRAC a “5” of 10; said SafeTRAC coincided well with his level of 
fatigue, it confirmed his level of fatigue; “it made me more conscious of lane centerness 
than I was before and it pointed out my bias towards driving at edge of road” 

 
Driver: He says it would be a good idea if drivers are tired, to stop and rest, but they 
won’t.  So his suggestion is since they already have a computerized governor on their 
trucks which limits their speed to 102Km or 62mph, then one could design an accumulator 
in conjunction with SafeTRAC to re-set the maximum truck speed to about 45mph when 
drivers’ performance demonstrates they are tired.  If that happens most drivers would give 
up and quit driving, forcing them to rest.  

 
Driver:  In a couple of places in Windsor with narrow road lanes, it beeped sometimes.  He 
is still unsure of the pros and cons of SafeTRAC.   

 
Driver:  says he had little to no night time driving, and thus when he left in the early dark 
morning at 0530 hrs, his SafeTRAC system did not appear to be on. 

 
Driver:  When truck is parked at idle, SafeTRAC beeps occasionally as people walk by.  
SafeTrac needs a switch for the truck idle condition to permit drivers to shut SafeTRAC off 
or down, and at least to turn down the volume, or drivers will turn it off if they don’t like it.  
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Driver:  About every 3 hrs SafeTRAC display told this driver to take rest breaks, and he 
thought that was excessive. 

 
Driver:  I like the idea that something would beep when you crossed a line. I tried to adjust 
the volume on SafeTRAC and I went thru the sequence of button pushes, repeatedly.  It 
was jumping around for about 4 hrs until I shut down the truck.  It must have to be re-
initialized or re-booted like a computer. 

 
Driver: Concerning the mount of the SafeTRAC camera on Freightliner cab, it rocks a lot.  
On some roads the rocking of the cab back and forth caused SafeTRAC to beep.  Could 
you mount SafeTRAC in the grill or front bumper?  My SafeTRAC scores ranged of scores 
73 to 95/96; averaged 85-95 in cities. I tried to get it higher.  When my scores went low I 
saw it print out “Take a break” right before I was planning a break    During the last 2 
weeks of his driving, with SafeTRAC feedback condition, he regularly hauled 65K – 75K 
lbs. of freight. 

 
Driver:   SafeTRAC is noisy, the way it is.  I don’t like it at all. You can’t change the too 
loud volume.  Mostly on 2-lane highways it picked up the narrow lanes, and it beeped too 
long and too often.  A black strip of tar was detected as painted lane lines.  If you put the 
sun visor down you have to be sure to get the cable back in place right.  

 
Driver:  On SafeTRAC:  It doesn’t react well in ramps; nor in construction zones where 
lines are haphazard.   

 
Driver:  I most liked the fact that if you don’t do a turn signal before a lane change, 
SafeTRAC beeps and lets you know that.  It squawks.  It doesn’t relate to fatigue, because 
he doesn’t wander in his lane.  It just felt good to know it was there to remind him.  You 
could design it for turning it off when the driver is facing narrowly painted lanes. 

 
Driver: wants SafeTRAC noise defeats and options; like deciding what kind of rings on 
cellular phone control beeps one would prefer.  SafeTRAC made me aware of my driving 
habits: where I was in a lane and it made me want to improve my skills.  She liked Safetrac 
the best. 

 
Driver:  SafeTRAC does not work well on faded roadway paint.  It did pick up the contrast 
between paved road and gravel.  

 
Driver:  SafeTRAC places too much emphasis on crossing lines.  That is TOO LATE!  
That’s just before an accident.  

 
After rating SafeTRAC a “9” out of 10, he said that if he was getting tired, he’d consult 
SafeTRAC for feedback.  Wants it to be fixed so when a driver deviates 10%-15% it alerts 
him.  He figured out how to use push buttons to defeat the beeping sound; he had to re-set 
the SafeTRAC system to get his display on showing the vertical hash marks etc. In 
Freightliner Truck 2051 his CB, AM & FM radio & TV signals were not good reception.  
Some SafeTRAC beeping was experienced, suggesting some electrical interference with 
the other FMT test instruments and with the truck radios.  

 



 
 

 335

Driver:  SafeTRAC was a real eye opener, and I made a stronger effort to keep my truck 
driving straight on the road.  It grades you, so you know if you’re doing a good job.  On a 
scale of 1 to 10 he rated SafeTRAC an “eleven,” as he liked it the best and was really 
happy with it. No alarms. No beeping, etc. and so he liked it. 

 
Driver:  She did not see the hash marks displayed on device. (Not sure if the display was 
set up properly for her or not). She used her SafeTRAC scores of 80’s –90’s to determine 
where the truck was in the lanes, and to give indications of her performance. SafeTRAC 
beeped in construction areas. She would like to see something other than so many 
“beeping” alarms in the truck cab, which include the truck’s air warning device, her alarm 
clock, her wrist watch, her phone, her CB – and that is too many things that go “beep” in 
her truck. 

  
Driver:  SafeTRAC beeped a lot in cities. She would get scores of 94-95 on the open road 
for miles.  But in the city, too narrow driving conditions.  She rated SafeTrac a “7-8” on a 
scale of 1 to 10.  She found SafeTRAC helpful in some respects and in some respects it 
was annoying. 
 
 

______________________________________________________________________________ 
 
SECTION D:  COPILOT (PERCLOS) MONITOR AND DROWSINESS DISPLAY 
 
Please rate the PERCLOS alertness index system 
 
Q. 33. The PERCLOS Eye Camera position on the truck dashboard distracted me?  
 ______ yes    ______ no 
 
 Summary for Q. No. 33: 
 
 Answer YES:    8  drivers 
 
 Answer No:    17  drivers 
 
 Answer Blank:  1  driver 
 

Driver comments:  
 

Driver:  No.    I kind of got used to it. 
 

Driver:  No.   Unless you look at it you do not see it. He said the IR red light was a bit of a 
distraction and it should be off to the side so drivers don’t see it.  He said most of the time 
he did not even notice it. He did not want to look at it because it was a distraction. 

 
Driver:  No.    He didn’t get it in eyesight and so it was not a distracter.  

 
Driver: Yes.   Too big. Don’t like the flashing. 

 
Driver: Yes..  More so when tired and at nighttime 
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Driver: Yes.   The red flashing light.  

  
Driver: Yes.   At night, the red lights flashing. 

 
Driver: Yes.   In the beginning the red flashing lights did bother me. 

 
Driver: Yes.   Pulsing at night was distracting. 

 
Driver: Yes.   Only at first – got used to it quickly. 

 
Driver: Yes.   The flashing light should be changed to solid. 

 
 
Q. 34. The PERCLOS numeric display could be read easily?  ___ yes __ no 
 
 Summary for Q. #34: 
 
 Answer Yes:   24 drivers 
 
 Answer No:    1  driver 
 

 Answer Blank:  1 driver 
 
 

Driver comments:  
 

Driver:  No.  I think the numbers could be a little bigger. 
 

Driver:  Yes.  It seemed to never leave 100% unless camera was turned     right away from 
my eyes. 

 
Driver:  N/A.  It was not working for me. 

 
 
Q. 35. PERCLOS Operation was consistent and understandable?   _____ yes  _____ no 
 
 Summary for Q. #35: 
 
 Answer Yes:   21 drivers 
 
 Answer No:  4 drivers 
 
 Answer blank:  1  driver 
 

Driver comments: 
 

Driver:  No.   I’m really not sure what it’s supposed to do. 
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Driver:  No.   Sometimes #’s would read low. 
 

Driver:  No.   The LCD readout was not consistent. 
 

Driver:  No.   For some reason it would read low (45-50) or high (100%)for no apparent 
reason. 

 
Use the following 1 to 5 rating scale to answer Q.s on the PERCLOS alertness index system 
(based on monitoring your eye lid droop)  
 
   1           2  3          4       5 
 Strong dislike/    Not satisfactory/   Neutral    It’s helpful/   Very helpful/ 
 Needs much       It needs some       opinion I liked it      I’d use it 
 improvement      improvement         about it  
 
 
Q. 36. The PERCLOS alertness index display was usually a pretty good match to the way I 
felt: alert or fatigued? 1 2 3 4 5 
 
Mean rating following the Feedback Condition, (after completing 4 weeks of driving in the 
study) 25 drivers’ responses rated an average score of 2.92 
 
 
Q. 37. PERCLOS alertness index digital display information was usually accurate/reliable 
 
Summary Q. 37 data from Feedback Condition condition, (after completing 4 weeks of driving in 
the study) 23 drivers’ responses rated an average score of 2.91 
 
 

Q. 38. Sometimes the display indicated my eyes were drooping, while I felt fully 
awake/alert  

1 2 3 4 5 
 
Summary Q. 38 data from Feedback Condition, (after completing 4 weeks of driving in the 
study) 24 drivers’ responses rated an average score of 3.21 
 
 
Q. 39. The PERCLOS alertness index information was helpful to me in monitoring my own 
level of alertness and/or drowsy periods? 
 1  2 3 4    5 
 
Summary Q. 39 data from Feedback Condition, (after completing 4 weeks of driving in the 
study) 23 drivers’ responses rated an average score of 3.00 
 
 
Q. 40. As PERCLOS monitored me for alertness and/or drowsy driving, it made me feel 
safer?  _____ yes   _____ no 
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 Summary of Q. #40: 
 
  Answer Yes:   5 drivers 
 
  Answer No:    19 drivers 
 
  Answer blank:  2 drivers 
 

Driver comments:  
 

Driver:  No.   It didn’t make me feel safer.  It confirmed when I needed to rest.           
 

Driver:  No.   The SafeTRAC was more effective to let me know when I was wandering. 
 

Driver:  N/A.  I cannot say because it did not work for me or to indicate anything on the 
PERCLOS screen. 

 
Driver:  No.   He mostly did not consult PERCLOS display.  When he did, it read 92 to 
100 score and he didn’t know how to relate to that. He asked what’s it mean? 

 
Driver:  No.  The thing needs more testing, but I think it could be good in the future. 

 
Driver:  No.  The display would show an average score, then I put sun glasses on and it 
would give a total different average.  The same thing at night with anti-glare glasses, the 
average would change. 

 
Driver:  No.  The PERCLOS said it was 100 a lot of time, maybe even when I was tired 
and sleepy.  It would show a 100 but I was really tired. It did not match my feeling of 
drowsiness one day with only 4 hrs of sleep, but it still read 100 or 96 or 98. 

 
Driver: Yes.  I liked it. But the red lights were blinking on and off were hypnotizing (12 
lights) and distracting.  Quite often it went to 100, and then even while I was driving, it 
dropped to zero, for an eternity, and then climbed back up to about 76. 

 
Driver:  No.  I think I can monitor myself pretty good by myself but it might be good for a 
back up.  Sometimes PERCLOS went to zero and he claims it actually beeped at him. 

 
Driver:  No.  The PERCLOS numbers were higher then what I felt. They did not reflect 
how I felt. 

 
Driver:  No.  No mechanical device can truly tell you when you are over tired; therefore it 
would not make me feel safer. 

 
Driver:  No.  Even when I felt tired the display showed 100%.  Found camera moved too 
much with truck’s vibrations. 

 
Driver:  No.  I was not confident about the readings. 

 
Driver:  No.  I don’t think it was monitoring my sleepiness/fatigue level very well at all. 
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Driver: Yes.  It always warned me. 

 
Driver: Yes.  All day it was reading 100.  He wore sunglasses and got readings between 
70’s & 80’s at nighttime.  At night, at the same time SafeTRAC was beeping, PERCLOS 
seemed to indicate the same as it presented low scores of about 40 on PERCLOS, giving 
him confidence the 2 devices were tracking his level of drowsiness. 

 
Driver: Yes.  I’m not sure if mine was working correctly as numbers just seemed to be 
constantly different.  Either that or my glasses interfered. 

 
 
Q. 41. I would like to have a PERCLOS Driver Alertness monitor in my truck? 
 _____Yes  _____No   
 
 Summary of Q. #41: 
 
  Answer Yes:   7 drivers 
 
  Answer No:    18 drivers 
 
  Answer blank:  1 driver 
 
 Driver comments: 
 

Driver:  No.   It’s not that useful for me.  When I started getting low readouts I was already 
looking and planning for a rest break.     

 
Driver:  No.   I can’t see if it good or not. 

 
Driver:  No.   I was a little disappointed in the PERCLOS system. I didn’t think it was 
reading accurately to the way I felt. 

 
Driver:  No.   I did not like it – but others might. 

 
Driver:  No.   He commented that PERCLOS went to zero and beeped at him and he did 
not think it should do either. 

 
Driver:  No.   It would only be a distraction! 

 
Driver:  No. I did not like the flashing light. 

 
Driver:  No.   As stated in last page, it needs more testing 

 
Driver: Yes.  It would help keep track of one’s alertness in how good or bad. 

 
Driver: Yes.   If it’s mandatory. 

 
Driver: Yes.  If it was accurate it would help 
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Driver: Yes.   Helpful 

 
Driver: blank Maybe If I could be built in. 

 
 
Q. 42. I would recommend the CoPilot PERCLOS Driver Alertness monitor to fellow 
drivers?     ____ Yes  ____ No   
 
 Summary of Q. #42: 
 
  Answer Yes:   9 drivers 
 
 Answer No:    16 drivers 
 
  Answer blank:  1 driver 
 
 Driver comments:    
 

Driver:  No.   In my case – I didn’t see a great benefit in this technology. 
 

Driver: blank  I had difficulty setting it. 
 
 
Q. 43. Driver’s overall comments and recommendations on the CoPilot PERCLOS Driver 
Alertness Monitoring system: 
 

Driver: Good system.     
 

Driver: I did not really like it.  More of a distraction than a useful device. 
 

Driver: I would like to see it in vehicles to help acknowledge awareness of drivers and 
safety on the road for others. 

 
Driver: Useless relaying on such equipment.  It will cause problems instead of teaching 
and enforcing sound driving practices. 

 
Driver: I think it’s not bad but takes time to trust it. Something new, so maybe in the future 

 
Driver: Need to know better how to interpret the scale when it works.  Like I mentioned, if 
I drive without sunglasses it would give a reading of 34% to 76%. If I put glasses on it 
would read 100% - 80%(?)  So is 34 –76 okay when driving without glasses and 100% - ? 
–with glasses? 

 
Driver: It did not seem to coincide with my level of tiredness 

 
Driver: Easy to read and did not distract from driving.   
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Driver: I did not have a chance to see PERCLOS working at night. I was driving in day 
light shift.  Chattham to Windsor – it’s all open. This  driver did not rate PERCLOS on a 
scale of 1-10 as he says he did not see it. 

 
Driver: It needs to be put on a pivotal mount.  At night the numbers were all over the 
place, 60’s, 70’s, or 100’s, and were meaningless. PERCLOS was not accurate.  

 
Experimenter note: The PERCLOS mount in Freightliner was a different mounting arrangement 
from the Volvo.  The shorter in stature women drivers had trouble getting the PERCLOS IR light 
display set for them.  The pivotal mount needs a more adjustable range. 
 

Driver: I really did not like PERCLOS.  Found it distracting; did not like the red light.  
They need to go back to the drawing board on PERCLOS.  

 
Driver:  PERCLOS was good; but it bothers me at first with flashing of the circle lights.   
My driving started early morning at 3-4 A.M.  PERCLOS would read 100% and did not 
drop. He ran with PERCLOS display at 90 a few times.  The Air Ride seat on rough roads 
and the vibrations made it so the PERCLOS camera did not “see” his face consistently.  

 
Driver: I feel PERCLOS is not accurate. It needs too much adjustment. I did not like it 
most of the time.  100% monitor moved around vibrated too much. He encountered some 
very rough roads, and the vibrations caused troubles with PERCLOS.  He said the red light 
was too visible on display at night.   

 
Driver: blank   At 5’4” in height, this woman driver sits higher than she should, doesn’t 
like bouncing up and down, so she puts lots of air in seat and she cross her legs on the seat.  
In the Volvo truck it moved sideways, but not up and down. PERCLOS rarely moved from 
a score 100 unless she turned her head.  

  
Driver: Need to insulate PERCLOS pulsing from interfering with the A.M. radio (RFI 
problem).  The PERCLOS didn’t work so well, much. 

 
Driver: PERCLOS should be mounted away from sight line to the right fender mirror. It 
blocked my view.  He found using PERCLOS useless. He got readings of 40s, sometimes 
90s to 100 most of the time.   He trained drivers, and observes that most drivers don’t 
check their gauges.  Drivers will not check oil engine pressure, air pressure, water 
temperature.  The general “check the gauge” routine. So why would you expect them to 
check this PERCLOS display? 

 
Driver:  With the no-feedback shroud “on” the displays, he fussed with aiming the 
PERCLOS IR lights display, but he did not find it easy. 

 
Driver: I thought PERCLOS was supposed to show when my eyes were closed.  So for a 
fatigue alertness device I didn’t know that this was what it was supposed to be doing. 
PERCLOS didn’t measure when my eyes are open or closed.  It measured my fatigue at 90 
or 100 every time.  

 
Driver:  PERCLOS doesn’t work in the day. It should be mounted from above for better 
daytime usage.  The red lights flashing were a constant distraction at night.  He’ll usually 
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keep low red lights on near the floor of the truck cab at night, but they don’t “flash;” 
whereas PERCLOS did flash red lights at him and he found that to be a distracter.  “Until 
perfected, it is just a horrible flashing neon sign on the dash.”   

 
Driver:   The numbers seemed to be all over the scale. Sometimes I felt good, but the 
PERCLOS numbers were low.  Other times the opposite.  But not always.  

 
Driver:   This driver rated PERCLOS a “1” on a scale of 1 to 10. She said she has lazy 
eyes.  The flashing red light was distracting  - the reading stayed at 100 most of the time, 
and she found it not helpful. 

 
Driver:   This driver rated PERCLOS a “2” on a scale of 1 to 10.  She indicated the 
PERCLOS scores did mean much.  What do they mean?  She wore light diffusion glasses 
and at night. 

 
______________________________________________________________________________ 
 
SECTION E:  HOWARD POWER CENTER STEERING SYSTEM (HPCS): 
 
Please rate the Howard Power Center Steering System (HPCS) 
 
Q. 44. Operation of the HPCS was consistent and understandable?   _____ yes   _____ no  
 
 Summary of Q. #44: 
 
 Answer Yes:  23  drivers 
 
 Answer No:   2  drivers 
 
 Answer blank: 1  driver 
 

Driver comments: 
 

Driver: Yes.  Great system.     
 

Driver: Yes.  It is the best invention that was made to reduce fatigue and stress, and be 
able to be more relaxed. 

 
Driver: Yes.   It performed pretty well as explained. 

 
Driver: Yes.  He was a rally driver, close ratio rack & pinion.  Lot of rain & wind past 2-3 
days.  Close ration rack and pinion 1 ½ turns uses 2 ½ times less turning of wheel with 
HPCS.  

 
Driver: Yes.  When the truck was “heavy,” it did not hold it as much; so then he upped PSI 
to 140 PSI. 

 
Driver: Yes.   He loves the HPCS, as it made steering and driving a lot easier.  He took his 
hands off the steering wheel and the truck stayed true and straight. Even going through 
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Michigan with bumpy roads and winds, I really liked HPCS, and it wouldn’t have been as 
straight without it. 

 
Driver: Yes.   He really enjoyed it, it really took stress off the arms, I really enjoyed it – he 
shut it off to see difference and he had to wrestle the steering wheel more.  

 
Driver: Yes.  He rates HPCS a definite 9 out of 10; nothing is perfect so not a 10.  He 
enjoyed HPCS. 

 
Driver: Yes.  Okay on some roads 

 
Driver:  No.   For the first week HPCS made no real difference.  For the second week I 
didn’t drive the truck a whole lot. I would like to try a steer-tire blowout to see if the HPCS 
works or not. 

 
Driver:  No.  Sometimes I could not get used to it. 

 
 
Q. 45. The use and location of HPCS controls/displays were good?    ______ yes   ____ no  
 
 Summary of Q. #45: 
 
 Answer yes:    13 drivers 
 
 Answer no:     12  drivers 
 
 Answer blank:   1 driver 
 
 Driver comments: 
 

Driver: Yes.. Easy to read and use. 
 

Driver: Yes.  They where excellent if found, the 1st time, I used it, I was amazed at the 
difference. 

 
Driver: Yes.  Considering it was a temporary mounting – the gauge light reflected off 
windshield at night.  

 
Driver:  No.   It requires too much looking.  Suggest mount them in the steering wheel. 
Make a left/right button (perhaps an arrow) to apply more pressure.  He wants better 
controls design: human factors engineering. 

 
Driver:  No.   The controls got in the way of the gear shift on the side of the seat. 

 
Driver:  No.  1st & 6th gear were interfered with on Truck #2051.  

 
Driver:  No.    A shorter person commented that positioning of the controls for the HPCS 
in the Freightliner truck was a safety hazard interfered with gear shifting.  I stalled several 
times. I couldn’t get into 1st or 6th gear. 
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Driver:  No.   On Freightliner controls should not be on the side of seat.  It is in the way of 
shifting.  

 
Driver:  No.   Had to take my eyes off the road to adjust or reset the controls. 

 
Driver:  No.   I would rather have it on the dash. 

 
Driver:  No.   Radiates heat against legs. 

 
Driver:  No.  I drove a Freightliner, and controls were located on the side of seat, which 
interfered with shifting gears. 

 
Driver:  No.   I was always catching on the HPCS controls while going to the sleeper berth 
bunk. 

 
Driver:  No.   I didn’t like them on the lower right hand side of the seat. It was very hard to 
see the controls while driving. 

 
Driver:  No.   Needs to be dash mounted controls. 

 
Driver:  blank  She set HPCS at 110 PSI and struggled with it.  She spent too much time 
fussing with it; and so she turned it off. She commented she also could not use a cell phone 
with the HPCS on. 

 
Q. 45a.  On average, at what pressure level did you set the HPCS to drive?   
 ____ PSI in crosswinds? _____ PSI in more normal conditions? 
 
 

Driver #001:  160 PSI in cross winds 
    120-1130 PSI in normal conditions     
 

Driver #002:  135 PSI in cross winds 
    120-125 PSI in normal conditions 
  

Driver #003:  160 PSI in cross winds 
    160 PSI in normal conditions 
 

Driver #004:  140 PSI in cross winds 
    130 PSI in normal conditions 
 

Driver #005:  160 PSI in cross winds 
    140 PSI in normal conditions 
 

Driver #006:  160 PSI in cross winds 
    140 PSI in normal conditions 
 

Driver #007:  140 PSI in cross winds 
  130 PSI in normal conditions 
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Driver #008:  125-130 PSI in cross winds 

  125-130 PSI in normal conditions 
 

Driver #009:  132 PSI in cross winds  
  132 PSI in more normal conditions 
   132 PSI was as high as it would go but it was working. 
 

Driver #010:   135-140 PSI in cross winds 
  130 PSI in more normal conditions 

  Drove mostly 130 PSI—Took it up to 140 PSI at times.   
 

Driver #011:  160 PSI. in cross winds 
  140 PSI in more normal conditions 
   
Driver #012:  140 PSI. in cross winds 
  130 PSI in more normal conditions 

“I had a lot of cross winds every day all the way to Windsor, and set HPCS at 135 PSI 
usually.  It was still bad to move the wheel, but it really helped a lot.  It felt stiff in 
steering.  Even with heavy loads it worked well. But with 70K lbs the winds moved him 
over. He had 70,000 lbs loads the last 3 days.” 

 
Driver #013:  ___ PSI. in cross winds 
  140 PSI in more normal conditions 

 
Driver #014:  Driver withdrew from study 

 
Driver #015:  130 PSI in cross winds 

    130 PSI in normal conditions 
 

Driver #016:  Driver withdrew from study  
 

Driver #017:  140 PSI in cross winds 
    140 PSI in normal conditions 
 

Driver #018:  90-100 PSI in normal driving conditions 
     

Driver #019:  (Driver writes: What crosswinds? I had none! 
 (Driver writes: First week 140 PSI; second week 200 PSI)  

 
Driver #020:  140 PSI in cross winds 

    140 PSI in normal conditions 
 

Driver #021:  140 PSI in cross winds 
    140 PSI in normal conditions 
 

Driver #022:  120 PSI in cross winds 
    125 PSI in normal conditions 
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Driver #023:  ____PSI in cross winds 

    ____PSI in normal conditions 
 

Driver #024:  160 PSI in cross winds 
    140 PSI in normal conditions 
 

Driver #025:  ____PSI in cross winds 
    160 PSI in normal conditions 
 

Driver #026:  ____PSI in cross winds 
    ____PSI in normal conditions 
 

Driver #027:  ____PSI in cross winds 
    ____PSI in normal conditions 
 

Driver #028:  ____PSI in cross winds 
    120 PSI in normal conditions 
 
Q. 46. Was the HPCS steering assistance helpful in my driving? _____ yes  _____ no   
 
 Summary of Q. 46: 
 
 Answer Yes:    20 drivers 
 
 Answer No:     4 drivers 
 
 Answer Blank:  2 drivers 
 
 Driver comments:  
 

Driver: Yes.   more free     
 

Driver: Yes.   Because it saves fatigue on my shoulder and neck, when you got a cross 
wind. 

  
Driver: Yes.   Very helpful once it was set good. 

 
Driver: Yes.   Only in winds. But on very rough roads it did not work -- too much 
bouncing. When roads have grooves in them, or potholes, it’s less effective. 

 
Driver: Yes.   It helped more with light loads. 

 
Driver: Yes.   Worked good in crosswinds. 

 
Driver: Yes.   It takes time to relax and trust it. 

 
Driver: Yes..  It really controlled truck while driving. 

 



 
 

 347

Driver: Yes.  It lessened the strain in my shoulders and neck. 
 

Driver: Yes.   It worked pretty good, did not use it all the time, like                    cruise 
control I did not trust using it all the time. 

 
Driver: Yes.   In crosswinds it was very helpful. I didn’t even realize they were there.  

 
Driver: Yes.   On open road did not use it in city driving. 

 
Driver:  No.    I really did not like the way it pulled the truck. 

 
Driver:  No.   Truck still wanted to pull to one side depending on the      grade of the road. 

 
Driver:  No.   Road conditions (curves, crown, yaw) meant continual                       
“trimming.” 

 
  
Q. 47. HPCS made my driving workload easier?  ____ yes _____ no   
 
 Summary answers to Q. #47: 
 
 Answer Yes:   19 drivers 
 
 Answer No:    7 drivers 
 
 
Q. 48. I felt comfortable using the HPCS?   ____ yes _____ no 
 
 Summary of Q. #48: 
 
 Answer Yes:   20 drivers 
 
 Answer No:     5 drivers 
 
 Answer both yes and no:   1 driver 
 
 Driver comments: 
 

Driver: Yes.   I like it because it took a lot of tension off my shoulders and neck. 
 

Driver: Yes.   A little less strenuous on shoulders. 
 

Driver: Yes.   The system worked well, always consistent. 
 

Driver: Yes.   Got very used to it after about 2 hours. 
 

Driver: Yes.   Only in winds. 
 

Driver: Yes. Had to use less hand control and I felt more at ease 
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Driver:  No.   I was still trying to fight it. 

 
Driver:  No.   Felt I had to correct steering more often.  Had to reach for the controls. 

      
Driver:  No.   Due to extra pressure on steering wheel at parameter of setting – arms & 
shoulders fatigued earlier. 

 
Driver: Yes and no.  On the highway, yes.  In the city, no it’s useless.      

 
 
Q. 49. HPCS improved my truck steering or ability to maintain direction?  
 _____ yes   _____ no  
 
 Summary of Q. #49: 
 
 Answer Yes:   18 drivers 
 
 Answer No:    5 drivers 
 
 Answer both yes and no:   2 drivers 
 
 Answer blank:   1 driver 
 
 Driver comments 
 

Driver: Yes.   You go straight all the time when there is a crosswind.  It’s easier to drive 
with it. 

 
Driver: Yes.   It worked pretty good in ruts on the highway. 

 
Driver: Yes.   It improved my truck steering or ability to maintain direction, -- but mainly 
on very long straight roads 

 
Driver: Yes..  More so when tired. 

 
Driver: Yes..  Sometimes, a few times, I was fighting it when I was tired. 

 
Driver: Yes.   On smooth roads like interstate highways.  On state routes you need more 
attention. 

 
Driver Yes. and no   Depending on how bad the conditions were. 

 
Driver: Yes. and no In the city or in a parking lot I turned it off; too much force is required 
to steer in small places. 

 
Driver:  No.  He said when you’re driving in a straight line you’re okay, but when you 
need to change lanes you gotta fight it.  He calls this the “wall of resistance concept”  He 
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left the HPCS “off” the second and last week of his participation, didn’t want to challenge 
it?  

 
Driver:  No.    It stiffened steering a bit. 

 
Driver:  No.    Fought to compensate for other drivers crossing over my      side of road. 

 
Driver: blank I often felt like I was fighting steering. 

  
 
Q. 50. HPCS was helpful driving in crosswinds? _____ yes   _____ no  
 
 Summary of Q. #50: 
 
 Answer Yes:   21 drivers 
 
 Answer No:    4 drivers 
 
 Answer blank:   1 driver 
 
 Driver comments:  
  

Driver: Yes.   Very helpful in strong crosswinds.     
 

Driver: Yes.   Go straight all of the time. 
  

Driver: Yes.   He kept HPCS set up higher than 140 PSI most of the time.  He said he 
hopes his employer, Challenger, will buy HPCS. 

 
Driver: Yes.   Except in excessive strong crosswinds but still better than without it. 

 
Driver: Yes.   Easy to hold straight line.  However in inner city driving he turned it off. 

 
Driver: Yes.   Did not have a lot of crosswinds, but when it did it seemed to work okay. 

 
Driver: Yes.   In extreme condition it did not help.  I drove in crosswind of 25-30 mph 
with peaks of 40-+ and I had to turn HPCS off. 

 
Driver: Yes..  Less moving of steering wheel. 

 
Driver: Yes..  Adjusted it and was amazed how it controlled truck. 

 
Driver:  No.    Any disturbance in the crosswind (trees- underpasses, passing trucks) and I 
had to trim HPCS, or hold wheel to outside of “rut.” 

 
 
Q. 51.  HPCS always worked in a helpful manner? ____ yes _____ no 
 
 Summary of Q. #51: 
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 Answer Yes:   18 drivers 
 
 Answer No:    8 drivers 
  
 
Q. 52. How did HPCS affect my driving on curves?  
 
 _____ helped    _____hindered     ____ no effect noticeable 
  
 Summary for Q. #52 (HPCS on curves): 
 
 Answer helped:    10  drivers 
 
 Answer hindered:   8 drivers 
 
 Answer no effect noticeable:  8  drivers  
 
 Driver comments: 
 

Driver: (hindered) She often found safe track would go off more when going around the 
curves because HP would be trying to hold the truck straight.  Also found that system 
required 2 hands on wheel to keep it straight.  

 
 
Q. 53. Was HPCS helpful driving in straight-aways?   
 _____ helped   ____ hindered     ____ no effect noticeable  
 
 Summary for Q. #53 (HPCS on straight-aways): 
 
 Answer helped:   20 drivers 
 
 Answer hindered:  3  drivers 
 
 Answer no effect noticeable:   3 drivers  
 
 
Q. 54. HPCS reduces driver fatigue?    ____ yes   _____ no 
 
 Summary for Q. #54 (HPCS reduces driver fatigue?): 
 
 Answer yes:   14   drivers 
 
 Answer no:     8  drivers 
 
 Answer, not sure:  1 driver 
 
 Answer, did not notice, or blank:  2 drivers  
 



 
 

 351

 Answer, yes and no:   1 driver 
 
 Driver comments: 
  

Driver: Yes.   A lot since 2 weeks ago, as soon as HPCS was on, I have had no fatigue on 
my neck and shoulder. 

  
Driver: Yes.   Driver said he really liked HPCS.  Unsolicited he asked us to talk 
Challenger into buying HPCS for their trucks. 

 
Driver: Yes.   I noticed it helped me a lot. 

 
Driver: Yes.   Lot less strain on shoulders. 

 
Driver: Yes.   In winds driving effort was the same as it would be on a calm day.   When 
bringing up the HPCS pressure the truck wants to go with the crown of the road. He says 
HPCS needs more bad weather testing. 

 
Driver: Yes.. Where in low speed more effort was required or one has to switch the HPCS 
have to “off.” 

 
Driver: Yes. Less arm & hand use and felt more relaxed. Less stress 

 
Driver: Yes. Sometimes it would hindered me in a curve.  He drove a Volvo and he could 
adjust the PSI easily.  A lot of drivers would really enjoy the HPCS in their truck. 

 
Driver:  No.   Some days it was okay, others I almost had to fight to keep truck on the 
road. 

 
Driver:  Not sure.  I did not notice it. 

 
Driver:  No.   It was helpful when adjusted right if not it made it harder. For fatigue it was 
a different fatigue, it’s hard to explain in writing. 

 
Driver:  No.   Much more eye, arm and shoulder fatigue. 

 
Driver:  No.   Arms and neck hurt more with HPCS on. 

 
Driver: Yes. and no   I shut the system off one day and it was a great relief.  But the days 
when bucking the wind it was great. 

 
 
Q. 55. I would like HPCS in my truck?  _____ yes     _____ no   
 
 Summary for Q. #55: 
 
 Answer yes:   20 drivers 
 
 Answer no:   5 drivers 
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 Answer yes and no:  1 driver 
 
 Driver comments: 
 

Driver: Yes.  More comfortable ride (no body roll) -- meaning the cab of the truck.  He 
was really sold on HPCS. 

 
Driver: Yes. Yes. Yes.  

 
Driver: Yes.   On A Long run it was helpful. 

 
Driver: Yes.   It gives more control with less effort on highway. Don’t feel any winds from 
passing trucks or large units. 

 
Driver: Yes.   Mainly for long straight roads. 

 
Driver #010: Yes.. I was amazed as to how it made driving easier and better to control the 
truck. 

 
Driver: Yes.   Sometimes I liked it, sometimes I didn’t. I would need more time with it 
now.  I never adjusted the pressure once and that could be a problem. 

 
Driver: Yes. and no   Driver said it works good in strong winds. Other drivers were 
wandering on road, while I was not because of HPCS. 

 
Driver:  No.   I would like to test it in a steer blowout situation. 

 
Driver:  No.   Stiffening of steering wheel response, and length of time     to re-center, 
caused extra work. 

 
Driver:  No.    A close ratio steering box would do as much better job. 

 
Driver:  No.    When necessary to steer over solid line I need and I want to know that I 
have the control to prevent possible accident w/o fighting for steering control. 

 
 
Q. 56. I would recommend HPCS to other drivers? ____ yes _____ no 
  
 Summary for Q. #56:  
 
 Answer yes:   22  drivers 
 
 Answer no:   3   drivers 
 
 Answer blank:   1 driver 
 

 Driver comments:  
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 Driver: Yes. And I have! 
 
 
Q. 57. Driver’s overall comments or recommendations on the HPCS: 
 

Driver: Every driver should have one, I’m sure it saves accidents and reduces fatigue. 
  

Driver: I really enjoyed using the HPCS.  It would be very useful in a team operation; cuts 
the left to right body roll by 70%. 

 
Driver: Love it.  Feel more in control of the truck. 

 
Driver: I love it; would have it in my own personal vehicle if I was doing a lot of trailer 
pulling, knowing how it would work with ease. 

 
Driver: Needs left/right switch to apply pressure when driver wants.  Or build in a sensing 
monitor to apply more pressure when winds above certain speed are detected. 

 
Driver: With better controls that light up at night so you can see the pressure and on the 
dash, I think it could be a good idea. 

 
Driver: The Gauge gets hot to touch. 

 
Driver:  Needs to have governor to shut off at low speed as parking is difficult with it on. 

 
Driver:  Enjoyed it very much, felt more relaxed and less stress when using it. 

 
Driver:  It was easier on the arms when driving for long time.  On a scale of 1 to 10 he 
rates HPCS a Definite 9, I enjoyed it. 

 
Driver:  Drivers need a longer adjustment period (training) to HPCS system 
She suggests: give longer training on HPCS. There was some confusion only over the 
settings on HPCS.  One trainer (meaning from River City Products) said start at 130 psi and 
go higher; whereas the other trainer said start 130 psi and go lower.   

 
Driver:  Took the HPCS to 160 PSI most of the time, but using HPCS she loses some of 
the finger-hand control on the steering wheel, which she is used to, and she did not like that 
aspect of HPCS. 

 
Driver:  I didn’t know how to make HPCS  work, couldn’t drive it hands off the wheel, but 
I tried that. Driver asks for longer training on HPCS.  Expressed confusion over the psi 
setting on HPCS, as one trainer said start at 130 psi and go higher, the other trainer said 
start at 130 psi and go lower. 

 
Driver: The HPCS is very helpful in crosswinds and when hauling heavy loads. 

 
Driver: HPCS is an okay kind a thing: when grade drops too much to one side e.g. 
Highway 6.  He said he hasn’t used it long enough, only 2 weeks.  The positioning of 
controls was lousy. 
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Driver: I think truck #1740 needs a wheel alignment. 

 
Driver: If road conditions became bad – ice slush, loose gravel – I could not use HPCS – 
due to lack of “feel” when in the “ruts” caused by the centering activity.  Not effective in 
highway cornering situations. 

 
Driver: Sometimes I would turn HPCS unit off, then reset, and it was hard to tell the 
difference. He tried a lot of turning HPCS “on” and “off” to see the difference. He says you 
could get the same thing as HPCS if you designed in “close ratio steering” the ratio in gear 
box is higher the higher the number, the less steering you need it might cause drivers to 
over steer while backing up, pulling ahead at low speeds or backing up, it might adversely 
affect the steer wheel tires.  He rated HPCS at 6 on a scale of 1 to 10. 

 
Driver: HPCS is a good thing, but the controls need to be very visible to the driver, so 
adjustments can be made when necessary. 

    
Driver: He rated the HPCS at 8 on a scale of 1 to 10.  I really like it in certain things, but 
not in other cases because I wasn’t using it properly. 

 
I probably had the HPCS set at 140 PSI all the time, as he said he doesn’t know what PSI 
HPCS was at, but he never changed it the whole time.  He always drove w/HPCS “on.”  He 
claims because of where the controls were positioned he could not see them.  He shut 
HPCS off for one day just to see the difference and then turned it back on again.  
 
He did trim the HPCS once in a while.  When I shut off the HPCS it was a big relief the 
same experiences.  He says you have to definitely see the HPCS display if for no other 
reason than you’ll be reminded of it and  recall that the PSI can be adjusted.  Perhaps this 
should be in his case with the controls in Freightliner positioned so low, adjacent to the 
seat, he barely remembered to fiddle with the controls, or adjust it.   

 
Driver: Would need to be adjustable to account for different drivers. Rated the HPCS at 4 
on a scale of 1 to 10. She says I thought it was taking control, and it bothered me.  She 
trusts her feel and instincts and abilities more than a piece of machinery.      

 
Driver: Rated the HPCS – 7-8 on a scale of 1 to 10.   If things were fixed, if the HPCS is 
“fixed,” HPCS that is the one item she would like to have in her truck.  My friends and I 
talked a lot about it.  It could save lives.  Front steer-wheel lock during a blowout, etc.  Her 
truck was out of alignment at HPCS training, and it took 2 days to realize she could control 
the PSI level with the knob.  Training was too short. 

 
They told us the HPCS would help lessen neck and shoulder muscle fatigue & discomfort.  
I found the opposite.  It caused more fatigue in neck & shoulders   She turned it off in 
docking in towns etc.  
 
Experienced an interaction w/HPCS causing truck to cross painted roadway lines in a curve 
when trying to control truck in that turning movement.  Consequently the SafeTrac beeped 
because I crossed the line in negotiating the curve. 
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______________________________________________________________________________ 
 
SECTION F:  PSYCHOMOTOR VIGILANCE TEST (PVT) OF REACTION TIME: 
 
Please Rate the Psychomotor Vigilance Test (PVT) of reaction time 
 
Q. 58. I learned how to master the PVT pretty well, that is, I learned to consistently obtain 
pretty good reaction time scores? ___ yes ____ no.   
 
 Summary for Question #58:  18 answers: YES    8 answers: NO 
 

Driver comments:  
 
Driver:   yes   I seemed to be able to get 240-260ms consistency (If I was not distracted).     
 
Driver:   yes   at times I got better and at times I was distracted for a second but overall, 
was good. 
 
Driver:   no   It was hard to find a nice quite place to do it. 
 
Driver:   no  the longer the interval the better I did when rested – but not when fatigued. 
 
Driver:   yes  I was believing it reflected any fatigue. I enjoyed it, liked it. It’s a good Idea. 
 
Driver:   no concentration factor was an issue. 
 
Driver:   yes as long as I wasn’t distracted. 
 
Driver:   yes   when I am not bored of it.  This test is too long.  It would be 5 min. that 
would be okay. 
 
Driver:   yes   easy to screw up when distracted. 
 
Driver:    no   it seemed like the more I played the game the worse I                       got. 
 
Driver:    no    I resigned myself to the fact that there was nowhere to perform the test 
without outside interference. 

 
  
Q. 59. Was the PVT testing intrusive to my duty day? ___ yes __ no. 
 

Summary for Ques #59: 15 YES;  7 No;  2 yes & no;  and 2 no answer 
 
Driver comments:  
 
Driver: yes   sometimes I had no time to do test. 
 
Driver: yes   it gets boring every day. 
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Driver: yes.  especially at end of day. 
 
Driver: yes  it took too long; and another driver said the test was too long. 
 
Driver: yes   somewhat when sleep time was intruded upon by this test. 
 
Driver: yes   only because of a very tight schedule on delivery.  And border cross delays 
didn’t help. 
 
Driver: yes   usually very busy or dead tired. 
 
Driver: yes   if I got sent home early, often I didn’t do it. 
 
Driver: no    I didn’t mind it too much, but when I was tired it was a very long 10 minutes. 
 
Driver: no    most days I didn’t have time for it. 
 
Driver: no    He liked the PVT RT test, it got his imagination – found it to be damned 
accurate, great RTs.  Of all FMT technology he liked PVT the best.   
 
Driver: yes and no   At times I didn’t have time for it.  But I forgot to do it a few times.     
 
Driver: yes and no   I did not like to use it at end of shift.  It seemed to take forever. 
 

 
Q. 60. Did the results of the PVT usually match my perception of my own reaction time?  
 ____ yes  ____ no 
 

Summary of Q. 60:   19 YES    7  NO   
 
Driver comments:  
 
Driver: yes   When the scores were higher I was more tired.     
 
Driver: yes   It was good when I pay attention but when lacking attention, for a second 
then not. I was not as quick. Overall pretty good. 
 
Driver: yes   Very onerous 
 
Driver:  yes. Gave consciousness to my own perception – was a good re-enforcer.  Driver 
said he’d rate PVT an 8-9 out of a scale of 10, rated other FMT devices lower.  He found 
PVT to be the best indicator of fatigue. He suggests design PVT into dash board and if 
driver can’t do RTs, have it automatically shut down his truck.  
 
Driver:  yes He couldn’t understand why he obtained low PVT scores in the morning.  
He got up at 4 AM, and took the PVT about 0500-0530; he did not take the PVT test in the 
middle of the driving day as he was instructed to do. 
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Driver: yes  In the 3rd week I thought the scores matched my fatigue level quite well. 
 
Driver: no   It depended on my mood. 
 
Driver: no   Even when tired I still got the same score pretty much. 
 
Driver: no   When I was tired my reaction time went up.  I think because I can focus on 
one thing tired, but when awake I want to know what is happening around me. 
 
Driver: no   I always thought I could do better, and it would frustrate me. 
 
Driver: no   Sometimes they recorded faster than when I first thought I saw flashes. 
 

 
Q. 61. When I got slower reaction times on the PVT, it reflected my own overall assessment 
of my condition (e.g. tired/fatigued)? ___ yes  ___no.   
 

Summary of Q. #61:  19 YES  6 No;  1 yes & no 
 
 
Driver: yes  He says he lost track a few times about taking PVT test twice per day and 
might have missed a few tests.  He left it home a few times. However, he did not mark 
those misses on his daily diary.      
 
Driver: yes and no   Sometimes I would get distracted while doing the                           test. 
 
Driver: yes   When that happened I noticed I was more tired than I had realized. 
 
Driver: no    On some occasions I was tired and I got a better time. 
 
Driver: Yes.  I did better at nighttime than in the morning. 
 
Driver: yes   When you are really fatigued, it shows 
 
Driver: yes   I found test to be far too long  It made me feel tired. 
 
Driver: no    My disinterest played a big part. 
 
Driver: yes   The more tired the higher the numbers. 
 
Driver: no    Outside distractions, lots of people interrupted; a knock on the truck door to 
move it, etc. 
 
  

Q. 62.  In my opinion the PVT could be used as a personal checking system on driver 
fitness for duty system (e.g. to check for a driver's readiness to drive as he/she reports for 
duty, or at rest stops half way through a long trip)?  ____ yes ___ no   
 

Summary of Q. #62:  14 YES;  8 NO  1 yes & no; and 3 blank, no answer 
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Driver comments: 
 
Driver:  yes  It was a good tool – but I think reaction time and tiredness are sometimes 
separate.     
 
Driver: yes  But we have to make a habit to do the test twice a day. 
  
Driver: yes  I think it’s a good idea, but I don’t think all the drivers would want to use it. 
 
Driver: yes  This would be a great help for this purpose. I would like to do it everyday 
because it tells a lot. 
 
Driver: yes  I was more tired at night and seemed to get better results. 
 
Driver: yes  When higher scores are recorded near the end of sessions it shows loss of 
concentration. 
 
Driver: yes  I’m not sure how others would react, but I would use it. 
 
Driver: yes and no   Can’t decide. 
 
Driver: no   He said if such a RT test was required of drivers, he’d quit! 
 
Driver:      Fit for duty- no.   In the middle on a long shirt of driving: yes. 
 
Driver: no   It just proves some drivers are better at this “game.” 
 
Driver: no   Anything could distract you and make you have a bad score. 
 
Driver: blank  Should make a shorter test; often would find scores increase. 
 

  
Q. 63. Driver’s overall comments or recommendations about the PVT reaction time 
monitoring system? 
 

Driver comments: 
 
Driver:  Time consuming     
 
Driver:  Was very good and would recommend this unit for daily use by everyone in life. 
 
Driver:  It’s as a reflex game, of little use.  If I was that tired I would be asleep before I 
could use the PVT device.  This driver said that sometimes he was just too tired to take the 
PVT test.  Once his RT was 62.0   He disliked doing PVT right before sleep time. 
 
Driver:  People would get bored with it and not use it daily. 
 
Driver:  It was hard to match rest and do the test with my style of driving. 



 
 

 359

 
Driver:  More variety on intervals required. 
 
Driver:  Was always trying to stay in the range of 200ms. I think that it is a good system to 
have drivers to check how tired you are. 
 
Driver:  Sometimes I just didn’t want to do it. When I was done with my shift, I just 
wanted to go home. 
 
Driver:  Test too long. Don’t have time during rest period to do test. 
 
Driver:  The PVT is hard to work in when you are riding on a tight schedule. 
 
Driver:  Too slow too long.  Test was much too long, got very boring & monotonous. 
 
Driver:  At times it was difficult to find location void of distractions –                 difficult to 
get true findings. 
 
Driver:  I would like to see it used as a personal tester to ensure a driver has a benchmark 
to tell his fatigue level. 
 
Driver:  I found it was very boring. 
 
Driver:  It could be used but a lot of times it hard enough to take time to eat, let a lone 
anything else. 
 
Driver:  I’ve had more mental stimulation from my PS 2 games. Found the waits 
(loading/unloading) enjoyable and not tiresome. 

 
______________________________________________________________________________ 
 
SECTION G:  GENERAL QUESTIONS FOR DRIVERS AT END OF 4TH WEEK OF PARTICIPATION 
 
Q. 64. Driver’s overall comments/recommendations about the testing, the alertness and 
fatigue management devices, driver fatigue, etc. 
 

Driver Comments:   
 
Driver:  I learned a lot that will be useful. I think the program will get better as it goes 
along.     
 
Driver:  It’s very good because now I stop when I’m tired and take a break or stop a couple 
hours. 
  
Driver:  I enjoyed doing this testing over the past few weeks. 
 
Driver:  I learned a lot of this program, of the ups and downs that it laid out.  It helped me 
to find my weak points and my strong points as the day goes on in the driving field; or of 
any other activity in my daily routine. 
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Driver:  SleepWatch has to be able to come off. (Hold button).  HPCS should be used in 
conjunction with PERCLOS.  PERCLOS needs more defining.  The past 4 weeks were 
interesting and confirm what I have read in various magazines. Should be applied to all 
vehicle and other equipment operators. 
 
Driver:  It’s all good to test for driver fatigue and try and help, but needs a lot more testing 
and improvements. 
 
Driver:  Tough to manage your day activities, to add the tests. 
 
Driver:  Sounds emitting need to be different from others in truck – they are all somewhat 
similar. 
 
Driver:  I enjoyed it very much and was not distracted by it at all.  Think that it will be 
helpful to other drivers. 
 
Driver:  I was very proud to be in this driver fatigue course, I think all drivers should do 
this. 
 
Driver:  Should do a true study giving 2 weeks short runs and 2 weeks long runs to see the 
difference.  The SafeTRAC would be a truly useful item. 
 
Driver:  PVT should be only in 5 mins. instead of 10 mins. 
 
Driver:  I liked the watch.  Had I drove more in the 4th week I would have been better.  I.e. 
Tuesday I went to Canada’s Wonderland, Thursday I was taken out of Truck Unit #1740 
and put into Unit #1686; and Friday there was no driving at all. 
 
Driver:  I found testing was very helpful in discovering my own personal observations of 
my degree of alertness and drowsiness.  Equipment was somewhat intrusive in the cab of 
the truck. 
 
Driver:  Course and overall experience was excellent – any attempt to help drivers 
understand fatigue and alertness is good.  The hardware was somewhat helpful – but was 
easily ignored after awhile.  1) PVT was best  
2) SafeTRAC was useful 3) PERCLOS & SleepWatch didn’t do much for me 4) Power 
Centre steering was terrible. 
 
Driver:  I thought that my dispatchers had deliberately pushed a little more, just to see 
what my endurance level is. 
 
Driver:  Too much electrical interference.  Too short of runs, sometimes 2-3 loads in one 
day.  It would have been more effective on longer loads. 
 
Driver:  Drew attention from authorities. 
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Q. 65  Overall, how useful/effective do you believe the idea of having Driver Alertness and 
Fatigue Management aids in the truck cab is for assisting you in managing your driving 
alertness and contributing to safe driving?  Circle the one that applies and explain. 
 
   1           2     3                   4                5 
Strong dislike/   Not satisfactory/   Neutral     It’s helpful/    Very helpful/ 
Needs much      It needs some       opinion    I like it     I’d Use it 
improvement     improvement         about it  
 

Summary for Q. #65 
 
Summary data from “With Feedback” condition, (after completing four weeks of 
driving in the study) 23 drivers’ responses rated an average score of 3.76 
 
Driver comments: 
     
Driver: 5   For safety, that’s very good. 
  
Driver: 3   It will not change requirements of shippers and hours of services regulations.  It 
may be useful if the driver wants to follow it. 
 
Driver: 5   After 4 weeks I believe it’s an excellent program for everyone to encounter. It’s 
wonderful experience. 
 
Driver: 1   I know when I am tired. I know the signs. Yawning, aches, bad shifting. 
Soreness. 
 
Driver: 3   I think in some places companies would use this against drivers in accidents. 
 
Driver: 5   Confirms personal observations – gives driver a positive reason for resting. 
 
Driver: 3   He said he is from a family of truck drivers, recognizes there are some “bad 
people” out on the highway who just don’t know when to stop to get rest. 
 
Driver: 4  Most drivers do not know when they are fatigued. 
 
Driver: 2   Not satisfactory.  I think my results would be more positive if equipment in the 
truck or the truck itself was in better working condition. i.e./wheel alignment, SafeTRAC 
not beeping all night. 
 
Driver: 3   I am a great monitor of fatigue. 
  
Driver: 5   I think it’s a good thing to have.  Also I would need more time and training to 
appreciate the equipment better and better utilization. 
 
Driver:    I’d say 3 and ½.  I have the opinion that with improvement many of the systems 
would be helpful. 
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Q. 66. Do you think other commercial drivers would benefit from fatigue management aids? 
   ______ yes    ______ no 
 

Summary of Q. #66:    23 YES  2 No   and 1 YES&NO 
 
Driver Comments:  
   
Driver:  yes   I think so, I’m sure some accidents are because of drivers being too tired. 
 
Driver:  yes   They have in their mind safety comes first. 
 
Driver:  yes   Drivers who cannot tell when they are tired. The ones who for various 
reasons cannot tell time. 
 
Driver:  yes   Anything that helps is good. 
 
Driver:  yes   I think they would serve as a guideline. 
 
Driver:  yes Everyone could benefit from fatigue management aids. 
 
Driver:  yes   Some drivers really don’t know when they have had  enough. 
 
Driver:  yes   The more a driver is aware that fatigue is a killer – the better. 
 
Driver:  yes   But I still feel if shippers and receivers didn’t waste so much of one’s time 
we would get more rest. 
 
Driver:  yes   Older drivers could use some help. 
 
Driver:  yes   With proper training the systems can be very useful. 
 
Driver: yes and no  With improvement to systems. 
 
Driver:  no   The system of dispatching, planning, and ETA’s would need  to change; plus 
you still have the HOS REGS working against you 
 
Driver:  no    For new drivers yes. 
 
 

Q.  67.  At any time did your fatigue management and alertness monitoring systems shut 
down while driving during the on-the-road testing? 
 ______ yes    ______ no.  If yes, what were the circumstances? 
 

Summary of Q. #67:   9 YES   and 17 NO 
 
Driver: yes   APP+ (the black box recorders) shut down a couple of times.  It would not 
read my ID Card.  Card was not inserted properly.     
 
Driver: yes   SleepWatch went dead. 
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Driver: yes   The SafeTRAC needed to be adjusted for more accuracy. Other than that it 
was good. All the others worked okay. 
 
Driver: yes   The plug on the SafeTRAC camera came loose. 
 
Driver: yes   Some of the lights would go out. 
 
Driver: no    I find while driving at night the lighting could be improved             to reduce 
fatigue. The unit I drove, the headlights were misaligned. 
 
Driver: no    I shut Howard HPCS off once just to make a comparison. 
 
Driver: yes   When I returned from off duty status. 
 
Driver: no    However, SafeTRAC would often say calibration “fail” 
 
  

Q. 68. Was there enough warning from the alertness monitoring devices’ numeric displays 
to alert you to the fact you were driving while very drowsy and/or that you might be 
becoming too sleepy to continue driving safely?   ______ yes    ______ no 
 

Summary for Q. #68:  10 YES,  12 NO,  1 yes & no;  3 blank 
 
Driver comments: 
 
Driver: yes  The only one I really liked to use was the SafeTRAC. 
 
Driver: yes  SafeTRAC would beep more frequently when I was getting really tired.  
SleepWatch was really helpful in judging my alertness. 
 
Driver: yes  It worked very well in keeping me in line with how sleepy I was getting. 
 
Driver: yes  loud beep 
 
Driver: no  I usually felt good when it was saying I was not, so I can’t trust it yet. 
 
Driver: no   I did not allow myself to get to that point at anytime to say yes. 
 
Driver: no  Devices gave same warning when rested in bad weather. 
 
Driver: no  Sporadic readings on PERCLOS. 
 
Driver: no  A few times I was very tired and the PERCLOS was reading 96’s and 98’s. 
 
Driver: no   Not really – I drove tired, and PERCLOS read 100%.  – maybe I sleep with 
my eyes open.  SafeTRAC never went off when I was really tired.  I don’t swerve or weave 
much.  However, it went off religiously if I intentionally hit a lane line with no turn signal. 
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Driver: no   The alarms where not activated (not turned on properly.) 
 
Driver: yes and no   Need more accurate readouts. 
 
Driver: blank  I never do get drowsy. I work city driving. 
 
Driver: blank  Due to not working more than ten hours a day, I went to bed on time. 
 

 
Q. 69. When you received low alertness, or drowsy driving indicators on the digital 
displays, did they generally seem to accurately match what you were experiencing in terms 
of drowsiness at the time? _____ Yes  ______ No    
 

Summary of Q. #69: 14 YES  9 NO and 3 Blank 
 
Driver comments: 
 
Driver: yes  Most of the time.    
 
Driver: yes  I will take a break that’s for sure and sleep a couple hours. 
  
Driver: yes  When the SafeTRAC would beep more often I knew I was tired. 
 
Driver: yes  Only the watch. 
 
Driver: yes  SleepWatch indicator did not match my feeling of tiredness.   
                       
Driver: yes  When I felt like stopping, or more like made myself stop                    for a 
break, the numbers usually matched. 
 
Driver: no   I never received a low alertness warning. 
 
Driver: no   Sometimes PERCLOS would read 40-50%  Not sure why.  Sometimes camera 
would move or be jarred, and I’d re-position it – numbers would come back up. 
 
Driver: no   The rating on the watch was too vague. 
 
Driver: no   I did not get that drowsy. 
 
Driver: no   Two times, I recall not being tired. 
 

Q. 70. Which system(s) matched your alertness level best?   Rank them with a number 1 as 
best and 4 as the least helpful in matching your alertness level).  And then tell us how you 
think the most effective ones did this?  
 
 ____ PERCLOS ____SafeTRAC ______ SleepWatch _____ PVT Reaction Time 
 

Driver #001:  2 PERCLOS  4 SafeTRAC  3 SleepWatch  3 PVT     
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Driver #002:  4 PERCLOS  1 SafeTRAC  2 SleepWatch  4 PVT 
   SafeTRAC I think that’s the best over the other three 
  
Driver #003:  3 PERCLOS  1 SafeTRAC  4 SleepWatch  2 PVT 
 
Driver #004:  4 PERCLOS  2 SafeTRAC  1 SleepWatch  3 PVT  
 
Driver #005:   4 PERCLOS  1 SafeTRAC  1 SleepWatch  1 PVT  
 
Driver #006: 4 PERCLOS  4 SafeTRAC  4 SleepWatch  1 PVT 
  When awake & rested good score on PVT.  When tired bad 
scoring. 

 
Driver #007:   2 PERCLOS  4 SafeTRAC  3 SleepWatch  3 PVT 
 
Driver #008:  3 PERCLOS  2 SafeTRAC  1 SleepWatch  4 PVT 
 
Driver #009:  PVT (was circled) “Indicated a relationship of reaction times to fatigue” 

no other markings on the data sheet    
 
Driver #010:  2 PERCLOS 2 SafeTRAC 2 SleepWatch 2 PVT 
 
Driver #011:  2 PERCLOS 3 SafeTRAC 1 SleepWatch 4 PVT 
 
Driver #012:  Check-marked SafeTRAC only 
 
Driver #013:  Marked an “X” for SafeTRAC only 
 
Driver #014:  Dropped out 
 
Driver #015:  Marked an “X” for SafeTRAC only 
 When I was tired I tended to drift. 
 
Driver #016:  Dropped out 
 
Driver #017:  n/a PERCLOS 1 SafeTRAC 1 SleepWatch 4 PVT Reaction Time 
 
Driver #018:  4 PERCLOS 3 SafeTRAC 2 SleepWatch 2 PVT Reaction Time 
 
Driver #019:  marked an “X” for SleepWatch only 
 
Driver #020:  4 PERCLOS 2 SafeTRAC 3 SleepWatch 1 PVT Reaction Time 
 
Driver #021:  3 PERCLOS  2 SafeTRAC 4 SleepWatch  1 PVT Reaction Time 
 When I was tired, my reaction time slowed down. 
 
Driver #022:  n/a PERCLOS n/a SafeTRAC   4 SleepWatch   1 PVT Reaction Time 
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Driver #023:  blank for ratings 
 He simply wrote “SleepWatch” 
 
Driver #024:  2 PERCLOS   1 SafeTRAC   1 SleepWatch   1 PVT Reaction Time 
 
Driver #025:      Marked an “X” for  PVT Reaction Time 
 Wrote:  it was closest 
 
Driver #026:  3 PERCLOS   2 SafeTRAC 4 SleepWatch   1 PVT Reaction Time 
      
When tired it was hard to concentrate and numbers were a lot               higher. 
 
Driver #027:  4 PERCLOS   1 SafeTRAC  3 SleepWatch    2 PVT Reaction Time 
 Gentle light, easy to see and mental reminder. 
 
Driver #028:  2 PERCLOS   1 SafeTRAC  4 SleepWatch    1 PVT Reaction Time 
  
 

Q. 71. Which system(s) matched your drowsiness level best?   Rank them with a number 1 
as best and 4 as the least helpful in matching your drowsiness level).  And then tell us how 
you think the most effective ones did this?  
 
 ____ PERCLOS ____SafeTRAC ______ SleepWatch _____ PVT Reaction Time 
 

Explain:   
 
Driver #001:   driver marked a “4” for  SafeTRAC  only 
 
Driver #002:   driver marked a “1” for SafeTRAC  only 
   Because when beep, beep means some time you are tired 
  
Driver #003:  3 PERCLOS  1 SafeTRAC  4 SleepWatch  2 PVT 
    
 
Driver #004:  4 PERCLOS  2 SafeTRAC  1 SleepWatch  3 PVT   
    
 
Driver #005:  1 PERCLOS  2 SafeTRAC  4 SleepWatch  4 PVT  
   They were more accurate in what was drowsiness. 
 
Driver #006:  4 PERCLOS  4 SafeTRAC  4 SleepWatch  1 PVT 
   (See above Q. 70) 
 
Driver #007:  2 PERCLOS  4 SafeTRAC  3 SleepWatch  3 PVT 
 
Driver #008:  3 PERCLOS  1 SafeTRAC  2 SleepWatch  4 PVT 
 
Driver #009:  PVT was circled with explanation: “same as above” 
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(Driver’s explanation to Q. 70 was “Indicated a relationship of reaction 
times to fatigue) 

 
Driver #010:  2 PERCLOS  2 SafeTRAC 1 SleepWatch 1 PVT 
 Sleepwatch & reaction time. 
 
Driver #011:  2 PERCLOS  3 SafeTRAC 1 SleepWatch 4 PVT 
 
Driver #012:  checkmark at PVT 
 
Driver #013:  driver marked “X” for  SafeTRAC  only 
 
Driver #014:  Reassigned new number 
 
Driver #015:  driver marked “X” for SafeTRAC only 
 
Driver #016:  Withdrew from study 
 
Driver #017:  n/a PERCLOS 1 SafeTRAC 1 SleepWatch 4 PVT Reaction Time 
 
Driver #018:  4 PERCLOS 3 SafeTRAC 2 SleepWatch 2 PVT Reaction Time 
 
Driver #019:  Marked an “X” for SleepWatch only 
 
Driver #020:  4 PERCLOS 1 SafeTRAC 3 SleepWatch 2 PVT Reaction Time 
 
Driver #021:  3 PERCLOS   2 SafeTRAC   4 SleepWatch    1 PVT Reaction Time 
 
Driver #022: marked only 1 SleepWatch   4 PVT Reaction Time    
          
Driver #023:  he only wrote: SleepWatch 
 
Driver #024:  2 PERCLOS   1 SafeTRAC   1 SleepWatch    1 PVT Reaction Time 
 
Driver #025:    Marked an “X” for PVT Reaction Time only 
 When tired was unattentive. 
 
Driver #026:  Marked an “X” for SafeTRAC only 
 When the numbers were low I realized how poor I was driving 
 
Driver #027:  blank 
 
Driver #028:  3 PERCLOS 2 SafeTRAC 4 SleepWatch 1 PVT Reaction Time 
 
  

Q. 72. During the on-the-road testing, was there anything in the fatigue management 
instrumentation that distracted you from performing your driving duties or interrupted 
your concentration on your driving tasks?  ______ yes   _____ no 
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Summary for Q. 72:  11 YES    and    15 NO 
 
Driver Comments: 
 
3 Drivers: yes   The PERCLOS – Flashing; Red flashing light. Pulsing PERCLOS. 
 
5 Drivers: yes   SafeTRAC beeping when moving, and parked, it’s too sensitive. 
SafeTRAC, it just got on my nerves all the time.  SafeTRAC, too many beeps –similar to 
computer and signal indicator. Beep distracted my attention. SafeTRAC as I say, I watched 
mirror. 
 
1 Driver: yes  I found I really didn’t have time for the PVT test. 
 
1 Driver: yes  At night – lights from displays reflected off windshield. 
 

 
Q. 73. Did you notice anything unsafe about the fatigue management equipment and 
systems installed in the cab of your truck?  

 _____ yes  _____ no.  If yes, please describe what you considered was unsafe. 
 
Summary of Q. 73:     7 YES and 19 No 
 
Driver: yes   HPCS controls need to be moved off the side of the seat on Freightliner 
trucks. 
 
Driver: yes   SafeTRAC would not keep truck straight.  It would also beep at night at idle. 
 
Driver: yes   SafeTRAC blocked most of my side mirror -- “mirror on load.” 
 
Driver: yes   It would be hard to see the fender mirror if you are short. 
 
Driver: yes   The position of the controller for Howard HPCS, it needs to be up front to be 
see and adjusted easily. 
 
Driver: yes   FMT equipment blocked my view of the dolly mirror mounted on front right 
bumper. 
 
Driver: yes   I did not watch my mirror enough, trying not to set off the beep on the 
SafeTRAC. 
  
 

Q. 74. In design and use of fatigue management systems what needs to be changed?  How?  
Why? 
 

Driver:  When they installed they put to many wires over defrost vents kept them from 
working well in snow. 
 
Driver:  The steering sensors need to be put more securely on the trucks. 
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Driver:  Felt considerable strain on forearms, and wrists. 
 
Driver:  SleepWatch has to be less noticeable SafeTRAC move intel. with surroundings. 
 
Driver:  Make the tested equipment less obtrusive. 
 
Driver:  I would leave things the way they are.  Had no problems with where they were 
mounted or located. 
 
Driver:  PVT test should be shorter. PVT should only be 5 minutes at a time. 
 
Driver:  I think the fatigue course is a great idea to have, like to see it in every vehicle. In 
future, helps driving to acknowledge his faults. 
 
Driver:  The FMT equipment idea is good but only if a carrier, company will have a good 
cooperative maintenance shop that can do the care and feeding of equipment. 
 
Driver:  I thought the devices were very helpful in driving skills.  Kept you alert at all 
times when you were drifting across road.  Thought that the SafeTRAC was too sensitive at 
times.  It would keep even when you were driving straight down the road.  I barely would 
turn wheel and it would go off.  It did this off and on during the 4 weeks for the study. 
 
Driver:  Said SafeTRAC distracted and beeped at inappropriate times often it would say it 
was calibrating it would then say “Calibration failed” 
 
Driver:  The SafeTRAC was not set up proper adjusted numbers. 
 
Driver:  SafeTRAC, I would sometimes be a foot and a half away from center line and it 
would still go off, or it would go off for no reason at all. 
 
Driver:  SafeTRAC needs to be more accurate on lane markings – at times it gave false 
readings and beeps. 
 
Driver:  Put in a hand held button.  SafeTRAC – is too sensitive beeps before crossing 
lines. 
 
Driver:  SafeTRAC needs to be in a position where you don’t need to stretch to adjust it. 
 
Driver:  Turn SafeTRAC volume down. 
 
Driver:  The SafeTRAC beeped at him each time he crossed the painted lines. (During the 
“no feedback” conditions.)  
 
Driver:  PERCLOS should be set on a pivotal mount 
 
Driver:  PERCLOS needs to be set up so you can adjust for different heights. 
 
Driver:  PERCLOS would only read 100% when unit was turned away or blocked.  Unit 
also moves too much with vibration of truck. 
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Driver:  Would like to see a better situation for use of PERCLOS during day time driving – 
if driving all night should have recording possibilities for daytime drowsiness. 
 
Driver:  It is good to have a PERCLOS in the truck.  The numbers drop down quick and its 
good.  But mostly I didn’t pay much attention to it. 
 
Driver:  I was confused over the meaning of the PERCLOS numbers; and when it read 
100, it was meaningless.  When it went to 28 I was tired. It changed too much; presented 
too many numbers, confusing numbers.  It’s too hard to figure it out. 
 
Driver:  He wished PERCLOS “beeped” when a driver’s eyes were off too long. If don’t 
have SafeTRAC – then want PERCLOS to beep a single beep, not more. 
 
Driver:  PERCLOS shows eye droop if you look away, which in heavy traffic of a.m. rush 
hour you have to do.   
 
Driver:  Sometimes when you drive tired you drive “staring” out the front window, which 
would give false readings on the PERCLOS. 
 
Driver:  Any devices must be integrated into the truck dashboard so the driver can 
establish a regular scan pattern. 
 
Driver:  Better positioning of hardware – perhaps some integration.  A central display is 
needed. 
 
Driver:  The truck air conditioner needs to be working. 
 
Driver:  More built in systems, these take up too much room on the dash. 
 
Driver:  Relocate the HPCS controls. 
 
Driver:  Steering box gave off heat inside cab. Found I used A/C when I would normally 
not. 
 
Driver:  Positioning of all equipment.   HPCS I still think is a good system, but control 
needs to be mounted where driver can see and use better, i.e. Dash mount. 
 
Driver:  If this equipment is to be used in production, all such equipment should be in dash 
if possible or made smaller. 
 
Driver:  A woman driver was 5’4” in height, asked that we fix some human engineering 
aspects of reach for controls and display of FMT information.  
 
Driver:  Liked the watch, it should have date and pulse monitor. An alarm would be useful 
as well. 
 
Driver:  I think it would have been more useful if it was done in weather that was more 
consistent. (Summer Months when weather is better.) 
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Driver:  He liked the FMT devices.  Fix ‘em up & integrate some or all.  
Things I think to change would be put everything into one device, or a smaller box so it 
doesn’t use so much room.  He’s very glad he did participate in the study. 
 

Q. 75. What changes, if any, would you make to the testing procedures we employed with 
you during this project?  
 

Driver:  Run the study over a longer time span. 
 
Driver:  PVT test before going to bed only. 
 
Driver:  It would be better to do the study in more consistent weather (Summer months) as 
in our first couple of weeks we had some bad snow and heavy rain that affected the results. 
 
Driver:  I would leave things the way they are. 
 
Driver:  Use longer drives. 
 
Driver:  Infrared camera should be removed. 
 
Driver:  Should make drivers do actual runs with mountains, traffic, and typical driving 
conditions. 
 
Driver:  Make dispatchers more aware of what is expected on drivers while they 
participate in this study. 
 
Driver:  The Air Conditioner wouldn’t work 
 
Driver:  Give parameters on equipment so we can see if they correlate. 
 
Driver:  Give an additional training update after a short period, say 2 weeks after using the 
equipment and getting familiarized with it. 
 
Driver: I would give Questionnaire to be done during course of testing as opposed to after 
the two and four weeks are up. – Opinions Change. 
 
 

Q. 23. (No Feedback) and Q. 76 (after With Feedback). What are your opinions regarding 
ideas of placing driver drowsiness or fatigue monitoring systems into commercial trucks? 
 

23. What are your opinions regarding ideas of placing driver alertness indicators, or 
drowsiness/fatigue detection systems into commercial trucks? 
 
Answers to Q. 23: 
 
Driver:   Good idea.  It depends upon the proponents. 
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Driver:    My opinion. I stay more alert, awake now when drowsiness /  fatigue occurs.  I 
take a break 
 
Driver:   Good idea for lane tracker and steering system. 
 
Driver:   It would be a great idea if can happen with maybe reduce accidents due to a fact 
of alertness or fatigue. 
 
Driver:   Do it within shortest time period possible. 
 
Driver:    I think it’s a very good idea. 
 
Driver:    For legal drivers it’d be very beneficial and could support drivers’ decisions to 
rest when pressurized by dispatch. 
 
Driver:     I would like it very much. It would let you know what is going on around you 
and also improve your driving. 
 
Driver:     I think it could work if drivers use it right. 
 
Driver:     I think it would be very good. 
 
Driver:     I would like to see this done. 
 
Driver:     I think the SafeTRAC should be in every truck. 
 
Driver:    I believe that the SafeTRAC would be to intrusive to some and they would turn 
the beep off; the PERCLOS could become hypnotic and create loss of concentration.  If 
these minor problems could be overcome I believe we would have safer drivers by using 
such equipment.  Also need to tie equipment in to truck system so that the pulse from the 
PERCLOS does not come across the radio.   AM Radio reception was terrible with 
interference from monitors. 
 
Driver:   I principle a GOOD thing.  Obviously need more ergonomic placement of 
machinery (rather than on dash). 
 
Driver 22: I think it would be good but I think they would use it as a last  resort for running 
further. 
 
Driver:     I think it would be a very good idea. 
 
Driver:      Unless they can shut truck down, it is not going to stop your “around-the-clock 
driver.” 
 
Driver:     I like the idea.  But I’m a little nervous that it may take control.  Like when 
driving at night I’m not as alert as in the day time and it may not let me go. 
 
Driver:   Would only be temporarily be effective for most drivers; would probably ignore 
in the name of $$’s. 
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Driver:   Incorporate into design of truck and they would be a big asset! 
 
 
Answers to Q. 76 (after the “With Feedback” condition (at end of 4 weeks). 
 
Driver Comments: 
  
Driver:  I think it would not bother me. But generally it would bother the industry as being 
intrusive.     
 
Driver:  It doesn’t bother me. 
  
Driver:  I like the idea. But will it really catch on? 
 
Driver:  It will be used by those who want to and ignored by those who don’t.  
 
Driver:  I’m all for it because it could cut down on accidents due to fatigue or drowsiness 
if believe it works.   
 
Driver:  Simply, if it annoys the driver they will neutralize it. 
 
Driver:  A good idea with some improvements. 
 
Driver:  They could be used against a driver to rate him.  It’s like personality profiling. 
 
Driver:  I like the idea. It would help drivers in their driving skills. 
 
Driver:  I think they should be put in all trucks. 
 
Driver:  Good idea. 
 
Driver:  It would take away, but SafeTRAC would be very helpful. 
 
Driver:  It would be helpful. 
 
Driver:  Would be an excellent idea if only you could guarantee that “All” drivers would 
adhere to results and findings and not shut equipment down to avoid detection.  Drivers are 
too much in denial of drowsiness and lack of alertness – “MUST GET LOAD THERE!!”  
Drivers have poor social lives in general and tend to take time to enjoy activities that 
usually affect sleep time. Drivers would, I think, rebel. 
 
Driver:  Although I might not like it – I’m sure that any devices that make drivers aware of 
their level of drowsiness or lack of attention is a good thing. 
 
Driver:  Some drivers may use this as a “last minute” crutch; that isn’t what I think these 
are for. 
 
Driver:  Have A Power nap 
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Driver:  Good Idea 
 
Driver:  If tested properly and showed a “real life” figures. 
 
Driver:  Very good idea. But most importantly is the understanding of what it is telling the 
driver.  Training updates and interaction with instructors for fine tuning the equipment to 
the individual. 
 
Driver:  Would prefer overhead displays. 
 
Driver:  Only if not used as a tool by company to rate drivers’ abilities. 
 
  

Q. 77. This question is about driver opinions regarding your alertness being monitored or 
your performance being recorded.  
 
In this study, for our research purposes, we obviously collected measurements of a) your 
alertness and/or drowsiness, the amounts of sleep you obtained or missed, and your driving 
performance data within the truck. As we promised, we will only describe those data in our 
reports with full respect of driver confidentiality, e.g. we will cite them in group statistics, etc.   
 
You knew from the beginning of your participation, that we installed an Accident Prevention 
Plus (AP+) black box recording system in the truck, and it continuously recorded many 
parameters about the truck performance, your driving performance, and the alertness or 
drowsiness indicators from the fatigue management devices as well.  Note this question was also 
asked as Q. 24 after the first two weeks of driving with “No Feedback” condition.  
 
The prototype driver alertness monitoring systems we provided you in this study (e.g. the 
SleepWatch, Lane Tracker, PERCLOS) are each meant to be the driver’s personal alertness 
monitoring systems, for his or her personal use only.  At this point, they are not designed nor 
intended for capturing your performance data for use by any other person(s). 

 
 
Since you knew that, the question is, did the idea of having your performance recorded for 
several weeks have any effects on your driving behavior, and performance? 
   _____ Yes, some effect        ______ No effect          ______ I'm not sure  Please explain:  
 

Summary for Q. #24:   24 NO Effect,  1 not sure, and 1 blank 
 
Driver Comments: 
 
Driver:   No effect.  Out of sight – out of mind. 
 
Driver:      I’m not sure   At first I knew it was there, but you soon try to  forget it and carry 
on as usual. 
 
Driver:   No effect .  I believed my driving is satisfactory before entering “study.” 
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Driver:   No effect.   I think I forgot it was there most times. 
 
Driver:   No effect.   It  made me more aware of some driving habits that have developed. 
 
Driver:   No effect.   I try to drive safe all the time. 
 
Driver:   No effect.   I tried to disregard the monitors for more natural  results. 
 
Driver:   No effect.  I agree with monitoring systems.  I used to use tachographs – very 
comfortable.  
 
Driver:   No effect.   None because I forgot that he mentioned that part. 
 
Driver: blank     Self- Conscious.  Intimidated by monitoring. 
 
Driver:         No effect.  I feel I am a good driver. 
Summary for Q. #77: 6 YES some effect 8 NO Effect, 1 not sure, 11 blank   
 
Driver comments:  
 
Driver: yes   When I missed a gear or maybe was going down hill a little quicker than I 
should have, I was thinking about recording system     
 
Driver: yes, some effect. Trying to do to well and I did worse. 
 
Driver: yes,  some effect.  More aware of driving habits 
 
Driver: yes some effect. It did a little bit. Because at peak driving             habits, driving 
beyond a safe level of alertness. 
 
Driver: yes, some effect I felt self-conscious, worried constantly if I was following all 
rules and doing things correctly – also concerned about others judging me. 
 
Driver: yes, some effect   I didn’t watch mirrors as much trying not to have SafeTRAC go 
off. 
 
Driver: no effect  As an old guy (51) I was adamant that I would do nothing different.  
After getting used to the gear – I just went and did my thing – Alert – drowsy, downright 
tired – Let the data speak. 
 
Driver: no effect  I drove the same way as I felt.  I was already driving safely and wanted 
to measure my own performance as it is, rather than changing my habits. 
 
Driver: no effect.  I just drove way I always do. 
 
Driver: no effect  I tried to ignore the situation in order to achieve a true environment for 
the study – did not attempt to drive to satisfy the required or perceived results. 
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Driver: no effect   This is the way I drive.  If I’m good enough to work here for many 
years, then this box will not change things. 
 
Driver: no effect   I did not let it affect my performance of truck driving. 
 
Driver: no effect   Mistakes are made at normal times by ignoring the equipment.  And 
driving normally there is no pressure on the driver. A person under certain pressure may 
make errors. 
 
Driver: no effect   Just carried on as usual. 
 
Driver: I’m not sure. I feel I drove the way I always do. 
 

 
Q. 25 (No Feedback Condition) and also Q. 78 (With Feedback Condition).  
 
If use of fatigue management aids (like PERCLOS, SafeTRAC, or SleepWatch) or black 
box monitoring technologies (like our AP+ recorder) were made mandatory, by either 
government regulations or by trucking industry management, what is your opinion about 
how they should be used, or might work best?  What operational or procedural 
considerations would they present to you as driver?   
 

Q. 25, after “No Feedback” Condition, (end of 1st 2 weeks),  
 
Driver comments: 
 
Driver:   I  can’t tell you well see in more 2 weeks 
 
Driver:   Could be used for lane tracking but other than that would only be useful after an 
accident. 
 
Driver:   SleepWatch: No.  Drivers would prefer their own watch.  SafeTRAC needs more 
refinement when reading road lines.   PERCLOS you will have problems with (unions etc.). 
 
Driver:    If they monitor drivers, companies should be held responsible for pushing the 
drivers pass the legal limit and telling them to falsify the logs. 
 
Driver:   PVT takes time in a busy schedule that may not be available on shorter trip.  
Could be another intrusive way of monitoring hours of driving. 
 
Driver:   As long as it would not come back against us for accidents or minor incidents, I 
would think that it would be a great idea. 
 
Driver:   I think all about study would be very smart thing to have in these trucks. 
 
Driver:   Might take more rest breaks, make the trucking industry as a whole understand 
fatigue. 
 
Driver 15: I think the SafeTRAC should be mandatory.  The black box could be omitted. 
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Driver:   It would be good for of you were involved in a accident or traffic violation, so 
you could check it out. 
 
Driver:   The APP+ and the SafeTRAC would be tied in together to show driving patterns 
pre-accident situations.  The SleepWatch would be a more constant reminder of sleep 
required. 
 
Driver:    Disagree. Government regulations would negate any good in what should be a 
company policy, or personal decision (and purchased by % for their own good). 
 
Driver: I think fatigue management should be also given to dispatchers             for 
understanding their drivers when they say they’re tired. 
 
Driver:   I am all for safe driving. 
 
Driver:  As far as fatigue aids it would be good.  As far as a black box, I think most guys 
would look for new jobs. 
 
Driver:   Don’t have an opinion.  In all conditkions I run safe and legal. 
 
Driver:   I don’t know how to answer.  I guess it’s a good idea, but nobody needs to know 
your every move, that’s too much. 
 
Driver:  I’m not for this idea – Feel basic human instinct (provided instincts are not 
ignored) goes much further. 
 
Driver:  Big Brother !!  They can help me but I don’t want me driving monitored by others. 
 
Driver:    It would help drivers to get off the road sooner  and before they have an accident. 
 
Driver:    But only if drivers adhere to safety standards in general.  It is still difficult to 
teach drivers to self – analyze their state of fatigue and alertness and take heed or pay 
attention. 
 
Driver:    Raising awareness of one’s mental and physical state before, during and after is a 
GOOD THING. 
 
 

Q. 78 After “With Feedback” Condition, (end of 4 weeks),  
 

Driver Comments:  
 
Driver:  Swipe type card system.  To sign on and off would be a better way.  But overall 
System would not be bothersome.     
 
Driver:  They should be used if you have a wreck and it goes to court. 
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Driver:  Might make some drivers more aware of what they are doing.      Since it may 
hang them and the carrier if there is an accident. 
 
Driver:  A very good idea.  I’m for it with no problems. 
 
Driver:  I’d quit because the equipment still needs (electronics) better refinement.  Laws 
need to be rewritten to protect both sides. 
 
Driver:  Not sure.  Maybe only in the event of an accident. Same as aeroplanes as the black 
box. 
 
Driver:  It would keep bad drivers off the road. 
 
Driver:  Drivers first should have feedback before the information is  being allowed to be 
seen by others. 
 
Driver:  I think that they are a good idea. As long as the government or trucking industry 
does not come back on us, I believe that it is a good system and might help get drivers to do 
a better job with their skills; and also let them know when it is time to take a break. 
 
Driver:  I think this way it is step up.  It is good. 
 
Driver:  The APP+ recorder would be the best. 
 
Driver:  I dislike the SafeTRAC.  It does not help much. It’s more of a pain.  PERCLOS 
does not work at all.  So yes, I think it’s a bad idea. 
 
Driver:  I like that idea.  Would help in case of accidents. 
 
Driver:  Everything would have to be built into the truck console. Driver would have to be 
unable to manipulate equipment. 
 
Driver:  As a voluntary system – great.  As a regulated system – a nightmare.  It would be 
sabotaged by the very people it’s meant to help. Look at log books.  See also “hours of 
service.” 
 
Driver:  I think they should be used to “post hoc” accident                         investigations. 
 
Driver:  I’d look for new line of work. 
 
Driver:  Unsure. 
 
Driver:  Hopefully in a positive way to help drivers with bad habits,  to recognize them and 
correct them. And set parameters for the                individuals for alertness. 
 
Driver:  It takes more time preparing and shutting down for day - $$’s. 
 
Driver:  As long as the company did not use against driver, I could see a practical use. 
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Q. 79. Did you have any law enforcement citations for moving violations during the last 2-
week period while driving your truck? _____ yes  ____ no     If yes, please explain:  
 

Summary for Q. #79:        4  Yes   and  22  NO 

 
Driver #002: yes 
  
Driver #005: yes     Disobeying signs 
 
Driver #013: yes     Driving in a restricted truck lane 
 
Driver #027: yes     Over axle – load secure device broke in movement.  Load shut 
overweight on drive. 

  
 
Q. 80. Did you have any law enforcement citations for logbook violations during the last 2-
week period while driving your truck?  ____ yes  _____ no If yes, please explain:  
 
 Summary for Q. #80:      26 No 
 
 
Q. 81. Where you involved in an accident or crash during the past 2-week period while 
driving your truck?  _____ yes  _____ no.   If yes, please explain.  
 
 Summary for Q. #81:    2 Yes   and 25 No 
 

Driver #006: yes   In company yard, forgot to set brake. Tractor rolled forward hit small 
truck, broke light on tractor.  In broad daylight; a stupid error. 
 
Driver #022: yes, during the “no feedback” 2-weeks period.   I took out the fence post in 
the Montreal due to new equipment, and lack of sleep. 

 
Q. 82. Did you have any law enforcement citations for an action that occurred in the 
context of an accident during the last 2-week period while driving your truck?   
 _____ yes      _____ no  If yes, please explain:  
 
 Summary for Q. #82:       26   NO   and 0 YES 
 
Q. 83. Are you willing to participate in a focus group session with other drivers, which 
would be held when all drivers have completed their participation in this study?  The 
session is intended to increase our understanding of driver experience and reaction to the 
FMT devices.  Any publication of the results of the focus group session will not identify 
individual drivers. 
 

Summary for Q. #83:   24 YES    and  2 NO 
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Q. 84.  Please think ahead with me for a few moments beyond the results  of this field study. 
Assume for this question that we would be able to have some engineers and equipment 
designers make many of the important improvements and changes to the “fatigue 
monitoring devices” you have worked with these past four weeks  ---- lets assume that we 
put many of the good suggestions you and your fellow drivers gave us into practice;  that 
we had the devices all fixed up right, so that they worked well and were mounted properly 
into the cabs of the trucks. The question for you now is, how would you rank the items on a 
scale from “one” to “ten” in terms of how well you would like them for yourself and other 
truck drivers?  Use the rank of “1” to mean “not good, don’t like or want it” and use the 
rank of “10” to mean it’s a terrific idea, and you would like to have one in your truck 
and/or think other drivers should want it too. 
 
 Please rate each device on a scale of from “1” to “10”: 
 
 SleepWatch: ____________ PERCLOS: ____________ 
 
 SafeTRAC: ____________   HPCS: ____________ 
 
 

Answers to Question #84 shown as raw data in table. For the 4 empty cells (N/A) drivers 
declined to rate FMT devices they deemed to not be working. Thus if we do any statistics 
on these data we need to cope with those 4 missing cells. 
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Q. 84 Table: Raw Data Rating Scores for each FMT Device (1 to 10 scale)* 
Canada Fatigue Management Technologies 

Driver 
Number 

CoPilot 
PERCLOS SleepWatch SafeTRAC Howard Power 

Center Steering 
001 5 6 9 9 
002 8 6 8 10 
003 3 3 7 10 
004 6 3.5 7 10 
005 N/A N/A 9 10 
006 5 3 2 3 
007 7 7 1 7.5 
008 6 10 5 7.5 
009 3.5 4 5 8 
010 8 8 10 10 
011 7 8.5 5 9 
012 N/A 8 10 10 
013 5 7.5 10 8 
014 Reassigned Reassigned Reassigned Reassigned 
015 5 7 10 6 
016 Dropped out Dropped out Dropped out Dropped out 
017 5 5 8 10 
018 8 10 10 5 
019 7 10 5 8 
020 8 9 9.5 9.5 
021 4.5 4 7 1 
022 3.5 5 8 6 
023 10 7.5 8.5 N/A 
024 8 8 10 7 
025 8.5 7 9 6 
026 5 6 10 8 
027 1 5.5 7 4 
028 2 2 7.5 7.5 

     
N=26 N=24 N=25 N=26 N=25 

Average 
Rating 5.79 6.42 7.60 7.60 

Percent≥5.5 50% 68% 77% 84% 
*Use the rank of “1” to mean “not good, don’t like or want it” and use the rank of “10” to mean 
“it’s a terrific idea” and you would like to have one in your truck and/or think other drivers 
should want it too. 
 

 
 
 

--------------------------------------------------------------------------------------------------------------------- 
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Driver:  The busier it gets in traffic the slower I go.  You gotta make a continuous effort to 
“control your space” on the road and it only takes one jerk to screw it up. – (meaning the flow of 
traffic.) 
 
Driver:  I like this SafeTRAC.  Put in all trucks, its very good in crosswinds. 
 
Driver:  He’s glad he did the study. He says this study brought all the “fatigue stuff” back to the 
surface. He says he personally knows when to shut down, stop the truck and rest. 
   
Driver:  He calls himself a causal, relaxed driver; he practices driver management on his own; 
takes regular breaks; does not exceed 10 hrs of driving. He said when he gets tired he grinds 
truck’s gears. He gets sleep inertia in early morning.  
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SUMMARY OF RESULTS FROM USA DRIVERS 

HUMAN FACTORS STRUCTURED INTERVIEW QUESTIONNAIRE 
 
SECTION A:   ALERTNESS & FATIGUE MANAGEMENT TRAINING COURSE: 
 
Instructions to drivers for Questions 1 through 7: Using the five point scales below, please 
circle the numbers to rate the “Mastering Alertness and Managing Driver Fatigue” training 
course you received from Dr. Krueger before participating in the testing.   

 
Rating scale from 1 to 5 (used for questions 1-6) 
 

 1 2 3 4 5 
 Disappointing/ Of low value/ Neutral/Take Good/ Very helpful/  
  Confusing Not helpful it or leave it Helpful Applicable 
 
Q. 1.  Material/content in the course. 
 Mean rating following the No Feedback Condition  = 4.50 (n = 12) 
 Mean rating following the Feedback Condition = 4.33 (n = 12) 
 
Q. 2.  Knowledge gained from course.  
 Mean rating following the No Feedback Condition  = 4.67 (n = 12) 
 Mean rating following the Feedback Condition = 4.50 (n = 12) 
 
Q. 3.  Applicability of course to my lifestyle.  
 Mean rating following the No Feedback Condition  = 4.25 (n = 12) 
 Mean rating following the Feedback Condition = 3.75 (n = 12) 
 
Q. 4.  The lessons learned will help me in my job. 
 Mean rating following the No Feedback Condition  = 4.33 (n = 12) 
 Mean rating following the Feedback Condition = 4.17 (n = 12) 
 
Q. 5.  I used some of the lessons learned during these past 2 weeks. 
 No Feedback Condition: Yes = 10 No = 2 no answer = 0 
 Feedback Condition: Yes = 10 No = 2 no answer = 0 
 

Q. 6.  The lessons learned will be put into practice by me in the future. 
 No Feedback Condition: Yes = 10 No = 2 no answer = 0 
 Feedback Condition: Yes = 10 No = 2 no answer = 0 
 

Appendix F-2 
 U.S. results from Human Factors Questionnaire 
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Q. 7.  Please write your general comments about the ALERTNESS & FATIGUE MANAGEMENT 

TRAINING course. The material. It’s usefulness to you. Things you might want changed or 
improved, etc. 

Comments summarized from 8 Drivers 
 
Driver: This course will be very beneficial to all who take it.  It will make them aware of 
the need for proper rest and the need to take care of themselves physically. 
 
Driver:  I thought it was a very good course.  Most of the things that were taught I already 
knew. 
 
Driver:  I learned a lot about sleep levels. 
 
Driver:  Information very useful.  
 
Driver:  I enjoyed it very much.  But most of what was covered I had already studied or 
read about, and have already been practicing.  The thing I learned the most about was the 
circadian rhythms. 
 
Driver:  The knowledge of fatigue & the concept of the circadian rhythm is helpful. 
 
Driver:  I wouldn’t change anything about the course. 
 
Driver:  Not a whole lot to change.  Good program. 
 
Driver:  The SleepWatch made me aware of amount of sleep. – The reaction test was often 
frustrating.  So, course improvement would be to provide more info on how to get better 
sleep. 
 

______________________________________________________________________________ 
 
SECTION B:  SLEEPWATCH  WRIST MONITOR 
 
Questions 8 through 18, instructions to drivers: Please rate the SleepWatch Wrist Monitor, 
a personal sleep management tool meant to help you enhance your alertness for driving. Base 
your ratings on everything you did or experienced using the equipment during the several weeks 
you participated in our project.  
 
Q. 8.  Approximately what percentage of the time (24/7) during these past 2 weeks, while 

you participated in the study, did you wear the SleepWatch? 
 

Summary of results:  All 12 drivers indicated they wore the SleepWatch between 90 and 
100% of the time the entire 4+ weeks we asked them to wear it 24/7.  The debrief 
interviews recorded occasional lapses in compliance, as did the actual data themselves. 
 

Q. 9 If you did not wear the SleepWatch continuously, (i.e. almost 100% of the time) what 
were some of the circumstances surrounding when you did not wear the SleepWatch?  
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Summary results:  There were a variety of reasons given as to when and why drivers 
might have had the SleepWatch off their wrists from time to time.  A representative sample 
of their explanations follows: 
 
Drivers:  Most drivers indicated they occasionally took the SleepWatch off their wrist for 
about a ten-minute shower; one for a bath; and one took it off to work with auto parts 
cleaning fluids.  
 
Driver:  I took it off during a lunch date.  
 
Driver:  I took it off one afternoon while sleeping for about five hours. 
 

 

Q. 10. Was it bothersome to have the SleepWatch Monitor continuously on your wrist? 
  

Summary of results:  A total of 4 drivers (33%) during No Feedback condition and 6 
(50%) drivers in Feedback condition wrote “no” in answer to this question.  Examples of 
responses from the drivers (8 or 66% who answered “yes” in the No Feedback condition, 
and 6 (50%) who answered “yes” in the Feedback condition follow (more than 1 comment 
came from multiple drivers): 
 
 
Driver:  Yes. Perhaps the band made it uncomfortable – having to wear it to bed was 
sometimes uncomfortable. 
 
Driver:  Yes. Only because the plastic band makes you sweat too much. 
 
Driver:  Yes. It stopped keeping time, so then it became bothersome. 
 
Driver:  Yes. I don’t like confinement when I sleep -- any jewelry, watches, or clothes. 
 
Driver:  Yes. I had to reset the watch every 2 to 3 days because it did not match our 
company time clock.  The SleepWatch lost 30 or so seconds every two to 3 days. 
 
Driver:  Yes. It was not comfortable while sleeping.  I wanted to take it off while sleeping.  
(four drivers indicated this preference).  One said: it was only bothersome while sleeping. 
 
Driver:  Yes. It was sweaty and sticky while sleeping.   
 
Driver:  Yes. Sometimes the SleepWatch would show a higher number for a nap than for a 
full sleep.  (Driver indicated he would get a good 4-6 hrs sleep, but the SleepWatch would 
read P=80-85; then after a nap, the P value would peak to the low 90s.) 
 
Driver:  I got used to it but the band was aggravating at times.  The excess band came out 
of the sliding loop – adjusting it going down the highway was bothersome.  The watch 
gave me a rash on my wrist. 
 



 
 

 386

Driver:  Yes.  The Watch chapped my arm.  
 

Driver:  Yes. It feels bulky and too large (thick), and it kept hitting or bumping things. 
 
Driver:  No.  But, it does not keep very good time.  It needs a date and day on it. 

 
 
 Rating scale from 1 to 5 (used to answer question 11)  
 

   1          2 3 4         5 
Strong dislike/    Not satisfactory/ Neutral  It’s helpful/   Very helpful/ 
Needs much  It needs some opinion  It was okay I liked it 
improvement improvement         about it  

 
 
Q. 11. The SleepWatch numerical rating mirrored the way I felt.     
 Mean rating following the Feedback Condition = 3.50 (n = 12) 
 

 

Q. 12. SleepWatch provides useful information for managing a person’s sleep schedule 
  

Summary of results:  A total of 5 drivers (42%) during the Feedback condition wrote 
“no” in answer to this question, 6 (50%) wrote “yes,” and one driver left it blank. 

 

 

Q. 13. Did you like the SleepWatch scale of alertness (e.g. 1 to 99)? 
 

Summary of results:  A total of 10 drivers (83%) during the Feedback condition wrote 
“yes” in answer to this question, the remaining 2 (17%) wrote “no”. 
 

 

Q. 14. Can you suggest a better way to display the SleepWatch information?   
 

Comments summarized from several Drivers 
 

Driver:  It does reveal to you that you are getting emptied of your energy and alertness – a 
reminder to get charged back up with more sleep. 
 
Driver:  I didn’t fully understand its function in relation to the amount of sleep. 
 
Driver:  It didn’t seem to be in tune with what I was really doing.  
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Driver:  It needs a back light. 
 

 
Q. 15. SleepWatch information provided was helpful supporting my sleep 

planning/managing alertness during the past 2 weeks 
Mean rating following the Feedback Condition = 3.08 (n = 12) 

 
 
Q. 16. I would like a SleepWatch for myself? 

 
Summary of results:  A total of 6 drivers (50%) wrote “no” and 6 drivers (50%) 
responded “yes” in answer to this question.  Selected comments follow. 
 
Driver:  No.  It’s function would be good to study any sleep habits but not for extended 
time. 
 
Driver:  No.  It wouldn’t change my habits to where it would be needed.   
 
Driver:  No.  It would not change the amount of rest I get. 
 
Driver: Yes.  With improvements – a light, military time, a better band. 
 
Driver:  Yes.  Although bothersome while sleeping -- overall I like the watch. 
 
Driver: Yes.  It could be useful when your are real tired to get you off the road.   
 
Driver:  Yes.  Wearing the watch actually showed myself how tired I was getting toward 
the end of week.  Made myself more aware of the sleep depravation I was getting. 

 
 
Q. 17. I would recommend SleepWatch to fellow drivers. 
  

Summary of results:  A total of 7 (58%) drivers responded “yes” to this question, 4 (33%) 
responded “no,” and one driver left the question blank.  Selected comments follow. 

 
 
Q. 18. What suggestions do you have on how to improve the SleepWatch to make it more 

useful for truck drivers? 
 

Driver:  It has to be more accurate with nighttime drivers.  The scale would go up even if I 
hadn’t slept. 
 
Drivers:  Downsize it, make it thinner; it needs a light.  Improve the style. 
 
Driver:  Make it thinner, put a light on it; maybe some type of tone when it drops to level 
of personal fatigue.  If you feel tired or worn out in the P=60 range, a tone could sound. 
 
Driver:  It should be more round, do away with the edges; it should have a night-light 
added to it (indigo light), and it should be able to handle shallow amounts of water. 
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Driver:  Instill in drivers the fact that as soon as you get up from sleep our bodies are 
discharging energy.  Therefore alertness and reactions begin to slow down.   
] 
Driver:  Buttons on the wrist monitor are easy to push button accidentally.  Time in 
seconds should be on sides;  There is no light, and it needs one.    
 
Driver:  SleepWatch should be more round.  I have to wear it on the backside of my wrist 
when going into pockets.  It catches on the pockets. 

 
______________________________________________________________________________ 
 
 
SECTION C:  SAFETRAC WINDOW MOUNTED CAMERA AND LANE TRACKING DISPLAY 
 
Questions 19 through 32, instructions to drivers: Please rate the SafeTRAC Window 
Mounted Camera and Lane Tracking Display. 
 
Answer Q.s on the SafeTRAC System based upon monitoring your driving within the 
lanes, etc. 
 
Q. 19. The SafeTRAC camera position in the windshield distracted me? 
 

Summary of results: All 12 drivers (100%) wrote “no” in response to this question.  
Examples of responses from follow: 
 
Driver:  No.  I had a hard time seeing it. 
 
Driver:  No.  I didn’t even notice it mounted on the very top of the windshield and it did 
not interfere with visibility at all. 
 
Driver:  No.  It’s a good spot to locate camera; I forgot it was there. 

 
 
Q. 20. The SafeTRAC system was easy to adjust 
 

Summary of results:  A total of 7 drivers (58%) responded “yes” to this question, 5 drivers 
(responded “no”, or “not applicable” because they did not manipulate the SafeTRAC 
controls. 

 
Experimenter’s notes:  Throughout the 4-week study, we asked the drivers not to make any 
adjustments to the SafeTRAC controls.  The SafeTRAC system provides a user with a set of 
procedural and sequential steps which necessitate making sequential pushbutton steps on the 
volume control knob to set several preferential tolerance parameters of when it would “beep” to 
alert the driver that his/her truck tires had crossed a road lane line, and to set some limits on the 
volume of the beeps. Presumably an owner of the SafeTRAC system would become familiar with 
these control parameters and know how and when to make such preferential adjustments. 
 
However, for experimental control, to ensure all drivers were obtaining similar SafeTRAC 
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feedback in this study, we asked the drivers not to make adjustments.  And we did not give them 
the instruction sheets on how to set the SafeTRAC parameters, nor train them to do so.  We set it 
up one way and expected the drivers to leave those settings alone.  The thinking was that out on 
the road we would have no way of determining what settings the driver was using and when; and 
also there would be no way to ensure the driver reset the controls for dynamically changing road 
conditions.    
 
This experimental control provision proved to be somewhat problematic, because the drivers 
expressed numerous complaints about the SafeTRAC parameters being too sensitive.  It 
“beeped” at them at them much more frequently than it should, especially when on narrow or 2 
lane highways, where the painted road lane lines were closer together than they are on interstate 
highways.  Unfortunately, from time to time, for some drivers this beeping also occurred during 
the “no feedback” condition, during a time when they drove it without benefit of the SafeTRAC 
lane position display because it was shrouded over, but they occasionally heard beeps. 
 
In subsequent experimental work with the SafeTRAC the conditions of driver control over the 
beep, volume, and display parameters will have to be thought out much more carefully in 
experimental design and procedural set up.   
   
During the study, there were several instances when both the drivers and the experimental 
assistants were not sure the SafeTRAC system was properly set for presentation of the sound 
(“beep”) or if it was calibrated properly.  At times, the SafeTRAC mounting and calibration 
came into Q., while the driver and truck were out on the road.  We had to await the driver 
returning to the home station for frequent checkouts of the SafeTRAC system. 
 
In this study the FMT systems were always “on” when the truck was Power up; so for example 
the FMT devices, like SafeTRAC had power on while a driver slept with the truck power turned 
on. 
 
21. Use and location of SafeTRAC controls were good? 
 

Summary of results:  A total of 9 drivers (75%) responded “yes” to this question, the 
remaining 3 drivers (25%) answered “no”.  Selected representative comments from drivers 
follow. 

 
Comments summarized from 3 Drivers:  
 
Driver:  No.  SafeTRAC was too far from driver’s view. 
 
Driver:  No.  Need to be somewhere other than dashboard. 
 
Driver:  No.  You could possibly design a smaller unit; make it adjustable as well as 
provide a little more tolerance as far as the roadway. 

 
Q. 22. Operation of SafeTRAC was consistent and understandable? 

 
Summary of results:  A total of 7 drivers wrote “yes” in answer to this question.  The 
remaining 5 drivers responded “no”. 
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Comments summarized from Drivers: 
 
Driver:  Yes.  It seemed to be accurate as to my driving performance. 
 
Driver:  No.  It would not work if lines were faded. Picked up tar patch instead of line and 
it beeped me.  
 
Driver:  No.  Often it seemed not to track correctly.   
 
Driver:  No.  Had to ride on the line on the right side of highway for the scale to show that 
I was in the middle of the lane (it seems this SafeTRAC was not properly calibrated). 
 
Driver:  No.  It didn’t work in rainy weather. The display would show four solid bars. 
 
Driver:  No.  It did not work on wet pavement; it did not work in Indiana, or in 
construction, with red far lines.  

 
Q. 23. The SafeTRAC numeric display could be read easily? 

 
Summary of results:  A total of 10 drivers (83%) responded “yes”, that the numeric 
display could be easily read, and 2 drivers (17%) responded “no.” 

 
Comments Summarized from 2 Drivers who responded “no” : 

 
Driver:  No.  I would have liked this monitor in front of me rather than to my right side. 
 
Driver:  No.  It was hard to see; it should be in front of the driver. 

 
 
Q. 24. SafeTRAC’s numeric indicator (1-99) frequently got my attention while driving? 

 
Summary of results:  All 12 drivers (100%) responded “yes” to this question. 

 
Comments summarized from Drivers: 

 
Driver:  Yes.  I found myself competing to get the highest numerical tally.  The SafeTRAC 
was not on for a long time until two days ago Thursday.  It did not work in the rain at 
times. This alarm was very annoying when it went off unjustly … 
  
Driver:  Yes.  It would be helpful in driver training.   
 
Driver:  Yes.  To much, did much better when I didn’t look at it.  And it didn’t work in the 
rain.  
 
Driver:  Yes.  When very tired, it let you know.  It is a good product. 
 
Driver:  Yes.  It made me more aware of my road position.   
 



 
 

 391

Driver:  Yes.  The highest score I could get was 98.  It seems that the higher the number, 
the harder it was to move up a point. 

 
Driver:  Yes.  SafeTRAC device helped me see how much I swerved while driving 
fatigued.  I definitely need more rest in my day.  

 
Driver:  This test made me aware of how much I have been correcting my steering while 
driving from Hermitage PA to Angola, Indiana.  I need good quality sleep to perform my 
job safely. 

 
Rating scale from 1 to 5 (used for questions 25 through 27) 
 
 1 2 3 4 5 
Strong dislike/ Not satisfactory/ Neutral It’s helpful/ Very helpful/ 

Needs much It needs some opinion I like it I’d Use it 
improvement improvement about it  

 
 
Q. 25. SafeTRAC’s crossing the lane alert feature could be trusted 
 Mean rating following the Feedback Condition = 3.25 (n = 12) 
 
 
Q. 26. Displayed information provided was reliable; the display usually 
 accurately depicted my driving with regard to tracking the lanes 
 on the road?    
 Mean rating following the Feedback Condition = 3.25 (n = 12)  
 
 
Q. 27. SafeTRAC warned me of poor lane tracking only when I thought it was 

appropriate?   
 Mean rating following the Feedback Condition = 3.25 (n = 12)  
 
 
Q. 28.  SafeTRAC helped me drive more safely?  
 

Summary of results:  5 drivers (42%) responded “yes”.  The remaining 7 drivers (58%) 
responded “no”.  Representative comments follow. 
 
Summarized comments from Drivers: 
 
Driver:  No.  I had to watch other drivers around me and adjust myself on the road 
according to other vehicles and construction.  Therefore, crossing over the lines on the road 
or getting close to the lines—and my numerical tally reflected a bad score. 
 
Driver:  Yes.  The warning was helpful. 
 
Driver:  Yes.  I knew when to get off the road and get rest. 
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Driver:  No.  I could not alter driving habits. 
 
Driver   No.  I would drive the same with or without SafeTRAC. 
 
Driver:  Yes.  It made me more aware of my road position and let me know when it needed 
correcting.   
 
Driver:  Yes.  It caught my attention and I adjusted. 
 
Driver:  Yes.  It kept me aware of drifting.  I tried harder to keep within the lanes. 

 
 
Q. 29. SafeTRAC helped me avoid a potential accident?  

Summary of results:  All 12 drivers (100%) answered “no” to this question.  
 
 
Q. 30. SafeTRAC’s alertness index helped me decide when to take rest breaks?  
 

Summary of results:  Two (2) drivers (16%) answered “yes” to this question; whereas 10 
drivers (84%) answered “no” to this question.  

 
Summarized comments from 2 drivers:  

 
Driver:  No.  My 3’s were probably lower even when I was alert.  I have driven for 18 
years and I have always liked to run right on the right line.  (Driver is inferring that 
hugging the right lane line would probably lower his SafeTRAC score on the display.) 
 
Driver:  No.  I found myself pushing to get home or until I was too tired to go any farther. 

 
 
Q. 31. I would like SafeTRAC installed in my truck?  
 

Summary of results: 
 
 Answer Yes:   5 drivers 
 
 Answer No:    5 drivers 
 

Driver:  Yes.  I like the device.  Just need to pay less attention to it constantly.  
 

Driver:  Yes.  Very useful, would make me an even safer driver than I am.  This comes 
from someone with over 2 million accident free miles driving.  

 
 
Q. 32.  I would recommend SafeTRAC to fellow truck drivers? ____ yes  ____ no. 
 
 Summary Totals for Q. #32 
 
 Answer Yes:   6  drivers 
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 Answer No:    6  drivers 
 
 Driver Comments: 
 
 Driver:  No.  Although it was interesting  - eventually it would not be noticed. 
 

Driver:  No.  It works only on perfect road conditions.  It would be nice to know where 
lane was I wet or fog conditions.   

 
Driver:  Yes.  Good system once you get used to it.  Beeping, scanning (almost novelty 
situation) then realize that it does keep you aware. 

 
 
Overall comments or recommendations regarding the SafeTRAC system?  
 
 Driver:  It picks up reflectors on the jersey wall, also wet tar strips, also rain wipes it out.  
 

Driver:  SafeTRAC picked up the tar strip on the road going west --- daylight into the 
sun --- as a line on the road.  Theoretically, it would work but while driving on the road, 
we are experiencing the occasion to hug one line or the other, while passing or being 
passed to allow a safe cushioning between other vehicles on the road. 

 
Drivers:  Four drivers pointed out that the SafeTRAC does not work well in heavy rain.  

 
 

______________________________________________________________________________ 
 
SECTION D:  COPILOT (PERCLOS) MONITOR AND DROWSINESS DISPLAY 
 
Please rate the PERCLOS alertness index system 
 
Q. 33. The PERCLOS Eye Camera position on the truck dashboard distracted me?  
 ______ yes    ______ no 
 

Summary for Q. No. 33: 
 
 Answer YES:   6  drivers 
 
 Answer No:      6 drivers 

 
Driver comments:  

 
Driver:  Yes.  There were moments when I found it irritating or the worry of whether it 
was positioned properly.  

 
Driver: Yes.  Very much.  The blinking distracted me far too much. 
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Driver: Yes. The red light in mine was very noticeable. 
 

Driver:  Yes.  I watched it a lot to see if my eye shadow was in sight of the window.  The 
red light is an attention getter. 

 
Driver:  Yes.  Somewhat.  If I try looking at it too long. 

 
Driver:  Yes.  It caught my attention too much.  I found myself looking at it. 
 
Driver:  No.  It only took a couple of days to get used to it.  But it only seemed to work 
after dark.  

 
Driver:  No.  Perfect spot. 

 
 
Q. 34. The PERCLOS numeric display could be read easily? ___ yes __ no. 
 

Summary for Q. #34:  All 12 drivers (100%) answered “yes” to this question. 
 
 
Q. 35. PERCLOS Operation was consistent and understandable? _____ yes  _____ no. 
 
 Summary for Q. #35: 
 
 Answer Yes:   10 drivers 
 
 Answer No:     2 drivers 
 

Driver comments: 
 

Driver:  No.   It only worked after dark.  
 

Driver:  No.  I had to keep adjusting so it was pointed correctly. 
 
Driver:  Yes.  It said I was eye droppy, but I felt okay. 

 
Driver:  Yes.   It took about two trips to figure it out. 

 
 
Use the following 1 to 5 rating scale to answer Q.s on the PERCLOS alertness index system 
(based on monitoring your eye lid droop)  
 
   1           2  3        4        5 
    Strong dislike/       Not satisfactory/        Neutral         It’s helpful/     Very helpful/ 
    Needs much       It needs some             opinion  I liked it             I’d use it 
    improvement      improvement              about it  
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Q. 36. The PERCLOS alertness index display was usually a pretty good match to the way I 
felt: alert or fatigued? Use the scale of   1 2 3 4 5 (above) 
 

Mean rating following the Feedback Condition (after completing 4 weeks of driving in 
the study) 12 drivers’ responses rated an average score of 3.33 

 
 
Q. 37. PERCLOS alertness index digital display information was usually accurate/reliable 
 

Summary Q. 37 data from Feedback Condition (after completing 4 weeks of driving in 
the study) 12 drivers’ responses rated an average score of 3.42 

  
 

Q. 38. Sometimes the display indicated my eyes were drooping, while I felt fully 
awake/alert on a scale of 1 2 3 4 5 (see above) 

 
Summary Q. 38 data from Feedback Condition (after completing 4 weeks of driving in 
the study) 11 drivers’ responses rated an average score of 3.00.  One driver left this 
question blank. 

 
 
Q. 39. The PERCLOS alertness index information was helpful to me in monitoring my own 
level of alertness and/or drowsy periods?    Use  1  2 3 4        5  (above) 
 

Summary Q. 39 data from Feedback Condition (after completing 4 weeks of driving in 
the study) 12 drivers’ responses rated an average score of 2.75. 
 

 
Q. 40. As PERCLOS monitored me for alertness and/or drowsy driving, it made me feel 
safer?    _____ yes   _____ no 
 

Summary of Q. #40: 
 
Answer Yes:   1 driver 
 
Answer No:    11 drivers 
 
Driver comments:  

 
Driver: No.  This device kept me awake by the interference it made in my CB radio – I 
could not receive transmissions farther than 2 miles away. 
 
Driver:  No.  Perhaps if it were available at my discretion. 
 
Driver:  No.  It’s too easy to ignore because of being used to it. 
 
Driver:  No.  It’s not the most impressive device but I do like the device. 
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Driver:  No.  There were times when I knew I was tired.  I looked into the PERCLOS 
monitor and it showed 100%.  
 
Driver:  Yes.  It could let me know when to take a break, or if I need to stop. 
 
Driver:  No.  I’m just not sure about this product.  Don’t see much need for it in future. 
 
Driver:  No.  I was not impressed with this device the way I was with SafeTRAC. 
 
Driver:  No.  Because I kept going even knowing I was tired or exhausted.  It would have 
to have a zapper on it to make me realize I had enough.  And it was time to stop. 
 

 
Q. 41. I would like to have a PERCLOS Driver Alertness monitor in my truck? 
 _____Yes  _____No   
 

Summary of Q. #41:  All twelve (12) drivers (100%) answered “no” to this question.   
 
Driver comments: 

 
Driver:  No.  Too much fussing and adjusting. 

 
Driver:  No.  Light distracts from driving.  I don’t think it was accurate. 

 
Driver:  No.  Too many red flashing lights. 

 
Driver:  No.  I thought the SafeTRAC was the better safety device. 

 
Driver:  No.  Don’t care for it. 

 
Driver:  No.  Didn’t seem to slow me down or make me want to stop.  I just kept going 
driving drowsy. 

 
 
Q. 42. I would recommend the CoPilot PERCLOS Driver Alertness monitor to fellow 
drivers?  ____ Yes  ____ No   
 

Summary of Q. #42: 
 
Answer Yes:   3 drivers 
 
Answer No:    9 drivers 
 
Driver comments:    
 
Driver:  Yes.  After explaining its use, telling of the flashing lights. 

 
Driver:   Try it out.  It’s absolutely worth the knowledge. 
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Q. 43. Driver’s overall comments and recommendations on the CoPilot PERCLOS Driver 
Alertness Monitoring system: 
 

Driver.  Eye monitor said I was in good shape but at the same time the watch said I should 
be tired.  Sleep watch gave me a 100 a couple of days of sleeping. 
 
Driver:  It could be all in one unit. 
 
Driver:  This study is helpful on just a study of alertness. 
 
Driver:  You could get a good reading while you were tired by looking into the monitor 
and open your eyes wide. 
 
Driver:   I saw no usefulness with this monitor (PERCLOS) 
 
Driver:   The flashing red lights really bothered me 
 
Driver:   It needs a noise filter on the electric supply.  Fed back into CB radio.  Seriously, 
this is a problem that needs correcting. 
 
Driver:  It does not change the way I drive or the breaks I take. 
 
Driver:   I was not really all that impressed.  If I could have one safety device it would be 
SafeTRAC.  If I could have two it would be SafeTRAC + HPCS 
 
Driver:   Take it or leave it. 

 
Driver:  Make it a smaller system.  All in one unit.  Maybe hook up a light.  
Uncomfortable zap to the driver to tell him to stop (you’re about to crash). 
 
Driver:   It would be nice to have the PERCLOS adjustable vertically.  Need an adjustment 
knob on both sides. 
 
Driver:  PERCLOS (light?) catches my attention more than I want it too.  The red flashing 
could be a distraction if one was to stare at it. 
 
Driver:  The percentage of eye alertness I was unable to try on semi-flat straight roads. 
 

______________________________________________________________________________ 
 
SECTION E:  HOWARD POWER CENTER STEERING SYSTEM (HPCS): 
 
Please rate the Howard Power Center Steering System (HPCS) 
 
 
Q. 44. Operation of the HPCS was consistent and understandable? _____ yes   _____ no. 
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Summary of Q. #44:  All twelve (12) drivers answered this question “yes.” 
 

Driver comments: 
 

Driver: Yes.  Very simple to operate.  Another driver said:  Very easy to operate. 
 

Driver: Yes.  I had 1.5 weeks with it turned on, before it came apart.  It was aligned and it 
still needed some adjustments. 

 
Driver: Yes.  Several drivers pointed out that when they had a repetitive driving route from 
the border between Ohio and Pennsylvania, eastward to Milesburg, PA, they encounter 
winding roads, with lots of curves in the road.  So this they declared is not a good test of 
HPCS.  We had to “overcome” HPCS on curves just a bit.  

 
 
Q. 45. The use and location of HPCS controls/displays were good? ______ yes   ____ no  
 

Summary of Q. #45:  Ten (10) of the 12 drivers answered this question with a “yes,” 
whereas two (2) drivers answered “no.” 

 
 Driver comments: 
 

Driver:  No.  Trim button should be lit.  I had trouble finding it in the dark. 
 

Driver:  Yes.  Trim button needs a light.  
 

Driver:  No.   My right knee hits the control box.  
 

Driver:  Yes.  It really took a lot of “play” out of the wheel and very much complemented 
“SafeTRAC.” 

 
Driver:  Yes.  Reflections on the windshield. 
 
Driver:  Yes.  It could use a point of center type meter or gauge.  

 
 
 
Q. 45a.  On average, at what pressure level did you set the HPCS to drive? 
  ____ PSI in crosswinds? _____ PSI in more normal conditions? 
 

Driver #031:  145 PSI in cross winds 
  145 PSI in normal conditions     
 
Driver #032:  140 PSI in cross winds 
  120 PSI in normal conditions 
  
Driver #033:  150-160 PSI in cross winds 
  120 PSI in normal conditions 
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Driver #034:  70 PSI in cross winds 
  70 PSI in normal conditions; minimized HPCS because of winding roads 
 
Driver #035:  180 PSI in cross winds 
  180 PSI in normal conditions 
 
Driver #036:  180 PSI in cross winds 
  120 PSI in normal conditions 
 
Driver #037:  130 PSI in cross winds 
  130 PSI in normal conditions 
 
Driver #038:  180 PSI in cross winds 
  180 PSI in normal conditions 
 
Driver #039:  120 PSI in cross winds 
  120 PSI in more normal conditions 
 
Driver #040:   130 PSI in cross winds 
 110 PSI in more normal conditions 
 
Driver #041:  145 PSI in cross winds 
 160 PSI in normal conditions 
 
Driver #042:  120-150 PSI in cross winds 
 120-150 PSI in normal conditions 

 
 
Q. 46. Was the HPCS steering assistance helpful in my driving?  _____ yes  _____ no. 
 
 Summary of Q. 46: 
 
 Answer Yes:    10 drivers 
 
 Answer No:     2 drivers 
 

Driver comments:  
 
Driver:  Yes.  There was a big difference with it on compared to having  it off.  
 
Driver:  Yes   VERY IMPRESSED ! 
 
Driver:  Yes.  I enjoyed the ease of control. 
 
Driver:   No.   Road was too winding and HPCS was not helpful. 
 
Driver:  Yes.   Only on straight away. 
 
Driver:  Yes.  Took a lot of play out of steering wheel.   
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Driver:  Yes.  Made the truck much easier to keep in the lane and going down the road 
 
Driver:  Yes.  Keeps rear trailer I drove from whipping.  I predicted it would work well on 
triples; and double trailers.  
 
Driver:  Yes.  I loved it   Keeps me honest.  
 
 

 
Q. 47.  HPCS made my driving workload easier ____ yes   _____ no   
 

Summary results: 
 
Answer Yes:   9 
 
Answer No:  3 

 
 
Q. 48. I felt comfortable using the HPCS?   ____ yes _____ no 
 

Summary of Q. #48: 
 
Answer Yes:   9 drivers 
 
Answer No:     3 drivers 
 
Driver comments: 
 
Driver: Yes.  I had no problems with my truck. 
 
Driver: Yes.  After the first week it was very easy to operate, even in long turns. 
 
Driver:  No.  It was not helpful due to curves and bends in road lucky to have 1 mile 
stretch. 
 
Driver :  No.  I felt more control and a better feel of the road with the HPCS turned off 
 
Driver:  No.   I had to fight too much steering wheel pressure in turns. 
 
Driver:  Yes.  Very comfortable.  Took about 5 trips to get comfortable 
 
Driver:  I don’t believe HPCS will be that effective in our place of work.  The turn button 
needs a light.  Maybe make the trimming automatic, had to oversteer too much to set the 
trim where it needed to be causing me to zig-zag.  I found out for myself best operating 
range for me with these road conditions was about 130 PSI. 
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Q. 49. HPCS improved my truck steering or ability to maintain direction?                                       
_____ yes   _____ no  

 
Summary of Q. #49: 
 
Answer Yes:   10 drivers 
 
Answer No:    2 drivers 
 
Driver comments 
 
Driver: Yes.  Definitely.   
 
Driver: Yes.  On straight roadway, it worked well.  The more pressure setting the better it 
worked. 
 
Driver: Yes.  Only on straight roads.  It took too much trimming in corners. 
 
Driver: Yes.  Going straight yes; going on curves, no. 
 
Driver:  No.   Terrible control  around curves. 
 
Driver:  Yes.  Worked well in construction. 
 
Driver  Yes.  On the Ohio Turnpike which is fairly straight,  I set it all the way up, and 
could maintain up to 98 for 20 miles.  
 

 
Q. 50. HPCS was helpful driving in crosswinds? _____ yes   _____ no  
 

Summary of Q. #50: 
 
Answer Yes:   8 drivers 
 
Answer No:    4 drivers, each indicating they really did not encounter enough crosswinds to 
test the effectiveness of HPCS in crosswinds.  
 
Driver comments:  

  
Driver: Yes.   You still had to be alert and make corrections, but I found this very 
definitely helped overall stability. 

 
Driver: Yes.   Go straight all of the time. 

  
Driver: Yes.   Far less work maintaining control. 

 
Driver: Yes.   It makes the job less stressful. 

 
Driver: Yes.   If you keep after the training.  
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Driver: Yes.   Very helpful. 

 
Driver: Yes.   Did not have to constantly over-correct steering to keep the truck going in 
the right direction.  

 
 
Q. 51.  HPCS always worked in a helpful manner? ____ yes _____ no 
 

Summary of Q. #51: 
 
Answer Yes:   9 drivers 
 
Answer No:    2 drivers 
 
Answer blank:  1 driver 

 
 
Q. 52.  How did HPCS affect my driving on curves?  
 

_____ helped    _____hindered     ____ no effect noticeable 
  
Summary for Q. #52 (HPCS on curves): 
 
Answer helped:    2  drivers 
 
Answer hindered:  7 drivers 
 
Answer no effect noticeable:  2  drivers  
 
Answer: both helped and hindered:  1 driver 

 
 

Driver comments: 
 
Driver:  helped and hindered, a little of both.  Lower pressure seemed to help. 
 

 
Q. 53. Was HPCS helpful driving in straight-aways?   
 

_____ helped   ____ hindered     ____ no effect noticeable  
 
Summary for Q. #53 (HPCS on straight-aways): 
 
Answer :   all 12 drivers (100%) indicated it helped their driving in straight-aways. 
 

 
Q. 54. HPCS reduces driver fatigue?    ____ yes   _____ no 
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Summary for Q. #54 (HPCS reduces driver fatigue?): 
 
Answer yes:   9   drivers 
 
Answer no:     3  drivers 
 
Driver comments: 
 
Driver:  Yes.   I found myself continually over-steering back and forth to correct the play 
and sensitivity in my normal power steering – with the HPCS on full pressure I had better 
control. 
 
Driver:  No  Unable to draw conclusion based on my experience.  Going on winding roads 
its not so good – Eastward.  An awesome system on straight roads.  He said he would like 
one on his truck. 
 
Driver:  No. Noticed no difference 
 
Driver:   No.  In turns you either fight the pressure or do a lot of trimming, trim in turn, 
trim out of turn, trim in straight lanes 
 
Driver:  Yes.  I had to run lower pressure on my run because of the curves higher pressure 
on straight 
 
Driver:  Yes.  Even driving in a straight line is very physical.  This took a lot of the work 
out of it. 
 
Driver:  Yes.  System is great; if it worked all week. 
 

Q. 55. I would like HPCS in my truck?  _____ yes     _____ no   
 

Summary for Q. #55: 
 
Answer  Yes:   10  drivers 
 
Answer   No:   2   drivers 
 
Driver comments: 
 
Driver:  Yes.  This helped when I pulled 2 trailers around the same weight.  Without HPCS 
these conditions are whipping back and forth or side to side continually. 
 
Driver:  Yes.  I was impressed and would love to have one installed. 
 
Driver:  Yes.  In cases where I ran on straighter roads. 
 
Driver:   No.  I like the power steering for the feel of the road. 
 
Driver:  Yes.   Maybe after using it for longer period of time. 
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Driver:  Yes.  Im going to be pulling triples soon.   I think HPCS would take a lot of the 
trailer swing out of the 3 trailers. 
 
Driver:  Yes.  Great on doubles (trailers) I believe it would be even better on triples. 
 
Driver:  Yes.  Hate to do without it.  
 

 
Q. 56. I would recommend HPCS to other drivers? ____ yes _____ no 
  

Summary for Q. #56:  
 
Answer  Yes:   10  drivers 
 
Answer   No:   2  drivers 
 

 
Q. 57.  Driver’s overall comments or recommendations on the HPCS: 
 

Driver:  I found this system to help out considerably.  At first I was expecting a very big 
change – but as I got used to adjusting the pressure and conditions I felt it was very 
beneficial and safe.  It helped in controlling whipping of 2 trailers and keeping the unit very 
straight on center going down the highway. – I will miss not having it. 
 
Driver:  GREAT PRODUCT! 
 
Driver:  This piece of equipment should be standard on any truck that pulls doubles or 
triples (trailers) because of the control it gives you over wiggle in your lane. 
 
Driver:  I believe I would love this system on straight roads. 
 
Driver:  Lights need to be brighter and one put in trim button. 
 
Driver:  Only good on straight roads. 
 
Driver:  I could see where big trucks it would be useful.  These Trucks are bottom of the 
barrel quality.  Steering not so good.  All around good product. 
 
Driver:  It works better on straight roads but with lower pressure on the curves. 
 
Driver:  Liked it very much would like to see HPCS installed on all new CCX trucks 
coming into service. 
 
Driver:  Should be put on market for all trucks. 
 
Driver:  Compressor little noisy when first airing up.  Maybe a center gauge so you know 
exactly when the piston is Center or you have more pressure on one side or other.  Top 
dead center- or top dead middle – indicator. 
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Driver:  Suggested HPCS would work better with a better steering system, such as on a 
Perterbilt truck, vice the Sterling trucks driven by Con-Way in this testing.  
 
 

______________________________________________________________________________ 
 
SECTION F:  PSYCHOMOTOR VIGILANCE TEST (PVT) OF REACTION TIME: 
 
Please Rate the Psychomotor Vigilance Test (PVT) of reaction time 
 
 
Q. 58. I learned how to master the PVT pretty well, that is, I learned to consistently obtain 
pretty good reaction time scores? ___ yes ____ no.   
 

Summary for Question #58:  7 answers: Yes    5 answers: No 
 
Driver comments:  
 
Driver:   Yes.   P.V.T test gets to be boring sometimes felt as if I was rushing just to get it 
over with. 
 
Driver:  No.  I often nodded off while using it. 
 
Driver:  Yes.  If I wasn’t too tired. 
 
Driver:  No.  It made me realize just how tired I am after driving 44 hours straight. 
 
Driver:  No.  Just when I thought I had it I did lousy. 

 
 
Q. 59. Was the PVT testing intrusive to my duty day? ___ yes __ no. 
 

Summary for Q. #59:  7 Answered Yes    5 Answered  No, 
 
Driver comments:  
 
Driver:  Yes.   At the Meet and Turn point, I am usually only there ten minutes. 
 
Driver:  Yes.   The ten minutes at the end of the day was frustrating. 
 
Driver:  Yes.  It got boring after a couple of days. 
 
Driver:  Yes.   It took me out of my daily routine. 
 
Driver:  Yes.  It was ten minutes I could have been working. 
 
Driver:  Yes.  I thought I was not sleepy but had poor reaction times.  
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Driver:  No.  It was too long. 
 

 
Q. 60. Did the results of the PVT usually match my perception of my own reaction time?   
 ____ yes  ____ no 
 

Summary of Q. 60:   10 Yes   2  No. 
 
Driver comments:  
 
Driver:  Yes.  Fairly close. 
 
Driver:  No.  Reaction time on a machine does not match real life in my opinion. 
 
Driver:  Yes.  The longer the day, the higher the score. 

 
 
Q. 61. When I got slower reaction times on the PVT, it reflected my own overall assessment 
of my condition (e.g. tired/fatigued)? ___ yes  ___no.   
 

Summary of Q. #61:  11 Yes  1 No.   
 

Driver:  No.  I had a hard time with distractions and anxiety because I knew I would have 
to react 100 times. 
 
Driver:  Yes.  I knew when I was tired, I would get slower reaction  times. 
 
Driver:  Yes.  Temporarily. Then I would pay more attention and get a better score. 
 
Driver:  Yes.  Watching and waiting did have an effect on me. 
 
Driver:   Yes.  Some of my times were 5 to 6 thousand; made me realize that I had 
microsleeps. 
 
Driver:  Yes.  When tired, scores were higher.  
 
Driver:  Yes.  Mornings were really bad. 

 
Driver:  After two weeks it became a chore.  It was boring, the mind would wander, get 
tired of it.  It’s a true test of fatigue.  It could be used as a Fitness for Duty Test, and that is 
why this driver gave the PVT device a score of 10 along with the other FMT devices in 
question No. 84.  During the debrief interviews, four of the 12 drivers described the PVT 
as a very good device for testing a driver’s Fitness for Duty testing of drivers. 
 

 
Q. 62.  In my opinion the PVT could be used as a personal checking system on driver 
fitness for duty system (e.g. to check for a driver's readiness to drive as he/she reports for 
duty, or at rest stops half way through a long trip)?  ____ yes ___ no   
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Summary of Q. #62:  7 Yes;  4 No  and 1 yes & no. 
 
Driver comments: 
 
Driver:  Yes.  Could possibly gauge a driver’s condition. 
 
Driver:  Yes.  This could be used on drivers trying to drive illegally (over the road 
drivers).  Have them take this reaction test and the score determine if the truck would start 
or not. 
  
Driver:  No.  It’s just one more useless thing for a driver to do. 
 
Driver:  No.  I don’t think a machine could accurately tell me what I’m capable of. 
 
Driver:  No.  Too boring. 
 
Driver:  Yes and no.  As long as there was standard time for each individual.  Some people 
are going to be faster than others. 
 

 
Q. 63. Driver’s overall comments or recommendations about the PVT reaction time 
monitoring system? 
 

Driver comments: 
 

Driver:  Takes too long -  not needed in our operation.  
 
Driver:  Very difficult to sit 10 minutes and remain alert. 
 
Driver:  I think its useless. 
 
Driver:  After two weeks it became a chore. 
 
Driver:  It became very boring – made me tired. 
 
Driver:  More variety on intervals required. 
 
Driver:  Made me more aware of how much or how little sleep I get. 
 
Driver:  Leave it to the college students.  
 
Driver:  Very boring after about 3 days.  Make it faster, shorter, something other than just 
numbers, maybe different colored lights.  
 
Driver:  The reaction test gets boring after the second week 

 
 
______________________________________________________________________________ 
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SECTION G:  GENERAL QUESTIONS FOR DRIVERS AT END OF 4TH WEEK OF PARTICIPATION 
 
Q. 64. Driver’s overall comments/recommendations about the testing, the alertness and 
fatigue management devices, driver fatigue, etc. 
 

Driver Comments:   
 

Driver:  It is very important that we all are rested and alert before driving an 80,000 lb unit 
down the highway.  This testing and equipment reminds us all to be more alert and the fact 
that we are being monitored makes us aware to be conscious of our actions behind the 
wheel. 
 
Driver:  SafeTRAC could be more effective perhaps with different sound devices.  HPCS – 
very impressed. 
 
Driver:  I think the SafeTRAC would be useful, if it gave a accurate reading of where you 
were in the lane.  Use the PERCLOS for a chock block.  Throw the watch away.  And put 
HPCS on every truck. 
 
Driver:  Overall satisfied!! 
 
Driver:  Reaction test at one of day became rushed for me to get done so I could go home. 
 
Driver:  It took away too much of my attention needed for driving. 
 
Driver:  I do not think any of the devices will work for our line haul runs because all our 
runs are timed; you do not have time to stop and rest. 
 
Driver:  I got a lot out of the last 4 weeks.  I would do it again if asked. 
 
Driver:  Good experiment, if the information and data obtained saves someone’s life in the 
future.  It would be satisfying to know I contributed to help someone down the road. 
 
Driver:  Excellent program should be done with everyone.  Top management should be 
doing this.  Sleep course or material should be given to every driver here!  Mandatory. 
 
Driver:  It’s been a very interesting 4 weeks.  I learned a lot about managing my time, 
fatigue and ways to being better rested for work. 
 
Driver:  The last 2 weeks of keeping track of every minute of my day has made me realize 
just how little sleep I get. 
 
Driver:  Having monitor devices made me aware of habits.  Information has been shared 
with other drivers.  Each driver should do a fatigue study. 
 
Driver:  The electrical noise feedback to CB equipment was annoying. 
 
Driver:  I enjoyed being part of this program.  Thank you. 
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Q. 65  Overall, how useful/effective do you believe the idea of having Driver Alertness and 
Fatigue Management aids in the truck cab is for assisting you in managing your driving 
alertness and contributing to safe driving?  Circle the one that applies and explain. 
 
 
 1      2     3                   4              5 
Strong dislike/   Not satisfactory/   Neutral     It’s helpful/    Very helpful/ 
Needs much      It needs some       opinion    I like it     I’d Use it 
improvement     improvement         about it  
 
 

Summary for Q. #65 
 

Summary data from “With Feedback” condition, (after completing four weeks of 
driving in the study) 12 drivers’ responses rated an average score of 3.75 
 
Driver comments: 
     
Driver: 4   I liked the HPCS the best. 
  
Driver: 3   With only two weeks to experiment, unsure. 
 
Driver: 4   HPCS and SafeTRAC are helpful. 
 
 

Q. 66. Do you think other commercial drivers would benefit from fatigue management 
aids?     ______ yes    ______ no 
 

Summary of Q. #66:   All 12 answered Yes.  
 
Driver Comments:  
 
Driver:  Yes.  HPCS & SafeTRAC 
 
Driver:  Yes.  At least in a fatigue study.  
 
Driver:  Yes.  Every driver, experienced or new, needs all the help they can get. 
 
Driver:  Yes.  I have many drivers weaving back and forth in front of me while I am 
passing them.  The HPCS would help them stay straight so others can safely go down the 
road.  Without the HPCS, if you look in your mirror to the left – right, you have a tendency 
to go that way. 
 
 

Q.  67.  At any time did your fatigue management and alertness monitoring systems shut 
down while driving during the on-the-road testing? ______ yes    ______ no.  If yes, what 
were the circumstances? 
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Summary of Q. #67:   6 Yes   and 6 No. 
 
Driver:  Yes.   The SafeTRAC did not work in the rain where the lines on the road were 
faint in construction areas.  It had a hard time picking up what to read:  reflectors on jersey 
barriers, etc. 
 
Driver:  Yes.  SafeTRAC wire on the camera was knocked off during the first week of the 
study. 
 
Driver:  Yes.  A fuse came loose and I lost power to everything for about 20 minutes or so. 
 
Driver:  Yes.  SafeTRAC did not work all the time.  Even when there were good lines 
sometimes it would not work.  
 
Driver:  Yes.  SafeTRAC did not work good in hard rain. 
 
 

Q. 68. Was there enough warning from the alertness monitoring devices’ numeric displays 
to alert you to the fact you were driving while very drowsy and/or that you might be 
becoming too sleepy to continue driving safely?    ______ yes    ______ no 
 

Summary for Q. #68:  7 Yes,  5 No. 
 
Driver comments: 
 
Driver:  Yes.  In theory these work, but in reality it is a different story. 
 
Driver:  No.  I rarely got very sleepy over in the 2-weeks period.  I didn’t wiggle enough to 
affect SafeTRAC, and the PERCLOS only dropped about 20 points. 
 
Driver:  Yes.  Yes from All. 
 
Driver:  No.  Eye monitor too late, late.  Tracker too late, when it went off you were in 
trouble already in the adjacent lane.  
 
Driver:  No.  Well rested before leaving. 
 
Driver:  Yes.  The audio alert on the SafeTRAC did its job well. 
 

 
Q. 69. When you received low alertness, or drowsy driving indicators on the digital 
displays, did they generally seem to accurately match what you were experiencing in terms 
of drowsiness at the time? _____ Yes  ______ No    
 

Summary of Q. #69:  8 Yes,  3 No and  1 Blank 
 
Driver comments: 
 
Driver:  No.  I really was never drowsy while driving. 
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Driver:  No.  SafeTRAC wasn’t accurate enough, and PERCLOS would give low numbers 
from changing radio stations or getting in my lunch box. 
 
Driver:  blank.   The Watch and Eye Monitor sometimes were conflicting with each other. 
 
Driver:  Yes.  I like to hug the line, which brought my score on SafeTRAC down. 
 

 
Q. 70. Which system(s) matched your alertness level best?   Rank them with a number 1 as 
best and 4 as the least helpful in matching your drowsiness level).  And then tell us how you 
think the most effective ones did this?  
 
 ____ PERCLOS    ____SafeTRAC    ____SleepWatch    ____PVT Reaction Time 
 

Driver #031:  4 PERCLOS  3 SafeTRAC  2 SleepWatch  1 PVT     
   I believe I had good reaction times when not distracted. 
 
Driver #032:  4 PERCLOS  2 SafeTRAC  1 SleepWatch  1 PVT 
  SleepWatch.  To understand my sleep habits.  PVT to understand how  
  Slow my reaction time was after 11 hours. 
  
Driver #033:  2 PERCLOS  3 SafeTRAC  4 SleepWatch  1 PVT 
 
Driver #034:  4 PERCLOS  3 SafeTRAC  2 SleepWatch  1 PVT  
 
Driver #035:   blank for PERCLOS & SafeTRAC  X for SleepWatch  blank for PVT  
 
Driver #036:  3 PERCLOS  2 SafeTRAC  1 SleepWatch  4 PVT 
 
Driver #037:   4 PERCLOS  2 SafeTRAC  1 SleepWatch  4 PVT 
 SafeTRAC made aware of me on the road.  I did like this, but it should be  
 moved. 
 
Driver #038:  Blank for PERCLOS  X for SafeTRAC  Blank for SleepWatch  & PVT 
 Beeper and Percentage of alertness with the road. 
 
Driver #039:  4 PERCLOS 1 SafeTRAC 2 SleepWatch 3 PVT 
 
Driver #040:  1 PERCLOS 1 SafeTRAC 1 SleepWatch 4 PVT 
 
Driver #041:  2 PERCLOS 3 SafeTRAC 3 SleepWatch 4 PVT 
 
Driver #042:  2 PERCLOS 1 SafeTRAC 4 SleepWatch 4 PVT 
 PVT just got boring, wanted to finish, didn’t care about times. 

 
 
Q. 71. Which system(s) matched your drowsiness level best?   Rank them with a number 1 
as best and 4 as the least helpful in matching your drowsiness level).  And then tell us how 
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you think the most effective ones did this?  
 
 ____ PERCLOS   ____SafeTRAC   ____SleepWatch   ____PVT Reaction Time 
 

Explain:   
 
Driver #031    4 PERCLOS  3 SafeTRAC  2 SleepWatch   1 PVT 
   I did not get drowsy while driving 
 
Driver #032:  4 PERCLOS  3 SafeTRAC  2 SleepWatch  1 PVT 
 
Driver #033:   3 PERCLOS  2 SafeTRAC  4 SleepWatch  1 PVT 
 
Driver #034:    4 PERCLOS  3 SafeTRAC  2 SleepWatch  1PVT   
 
Driver #035:    blank for PERCLOS  X for SafeTRAC  blank  for SleepWatch  & PVT  
 
Driver #036:   4 PERCLOS  1 SafeTRAC  3 SleepWatch  4 PVT 
 
Driver #037:   4 PERCLOS  1 SafeTRAC  2 SleepWatch  3 PVT 
 As above, warning when going over the line 
 
Driver #038:   2 PERCLOS  1 SafeTRAC  4 SleepWatch  3 PVT 
 
Driver #039:   4 PERCLOS  1 SafeTRAC   2 SleepWatch   3 PVT 
 
Driver #040:   1 PERCLOS  1 SafeTRAC  1 SleepWatch  4 PVT 
 SafeTRAC alarm did its job when I was drowsy and drifting over the lane. 
 
Driver #041:   3 PERCLOS  4 SafeTRAC  2 SleepWatch  1 PVT 
 When the juice ran out of watch my juice was gone also. 
 
Driver #042:   2 PERCLOS  1 SafeTRAC   4 SleepWatch   4 PVT 
 
 

 
Q. 72. During the on-the-road testing, was there anything in the fatigue management 
instrumentation that distracted you from performing your driving duties or interrupted 
your concentration on your driving tasks?  ______ yes   _____ no 
 

Summary for Q. 72:  7  Yes    and    5 No. 
 
Driver Comments: 
 
3 Drivers: Yes.  The PERCLOS – Flashing red lights; PERCLOS was too big and should 
be smaller. 
 
3 Drivers: Yes.  SafeTRAC beeping while in construction areas; SafeTRAC monitor 
should have been mounted in front of the driver, and use a color TV monitor instead. 
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Driver:   Yes.  All, only because I was not accustomed to them.  
 
 

Q. 73. Did you notice anything unsafe about the fatigue management equipment and 
systems installed in the cab of your truck?  
 _____ yes  _____ no.  If yes, please describe what you considered was unsafe. 
 

Summary of Q. 73:     1 Yes (position of SafeTRAC monitor)  and 11 answered No. 
 
 
Q. 74. In design and use of fatigue management systems what needs to be changed? 
           How?  Why? 
 

Driver:  PERCLOS needs to be adjustable vertically.  PERCLOS needs to be a little 
smaller. 
 
Driver:  HPCS trim button being lighted and somewhere more accessible.  
 
Driver:  SafeTRAC needs better alignment to the lanes.  SafeTRAC needs to be in front of 
the driver. 
 
Driver:  Locations of monitors and readouts to be less distracting. 
 
Driver:  Hide all answers. 
 
Driver:  Power supplies, keep them from interfering with C.B. radio and its power. 
 
Driver:  Everything provided did the job intended.  I think everything worked well. 
 
Driver:  When I drove over rough roads, with potholes, jarring ruts, etc. this likely popped 
out my data care on the AP+ recorder and data were lost. 
 
 
 

Q. 75. What changes, if any, would you make to the testing procedures we employed with 
you during this project?  
 

Drivers:  5 wrote None, and said:  Testing procedures were fine.  None, very well 
conducted.  
 
Driver:  Shorten the PVT reaction test. 
 
Driver:  More time with the SafeTRAC system. 
 
Driver:  Extend it.  I would have liked to drive this equipment with the tape of the displays 
a few more weeks. 

 
Driver:  Less time on these questions.  Repeating questions. 
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Q. 23. (No Feedback) and Q. 76 (after With Feedback). What are your opinions regarding 
ideas of placing driver drowsiness or fatigue monitoring systems into commercial trucks? 
 
 

23. What are your opinions regarding ideas of placing driver alertness indicators, or 
drowsiness/fatigue detection systems into commercial trucks? 

 
Answers to Q. 23: 

 
Driver:   It will be beneficial. 
 
Driver:   Some systems could be more effective. 
 
Driver:   If the driver really wants help, they could be useful. But if he doesn’t, he can just 
ignore them which renders them useless. 
 
Driver:   Could be very helpful.  3 wrote: Good idea.  Keep it simple and small. 
 
Driver:   Drivers would disregard and go on to make more miles and more money. 
 
Driver:   Have the truck shut down after driver encounters two close calls. 
 
Driver:   I do not think it will make a difference. 
 
Driver:   I’ll know better in two more weeks, but the SafeTRAC in my opinion is going to 
prevent the most accidents in commercial vehicles. 
 

 Answers to Q. 76 (after the “With Feedback” condition (at end of 4 weeks). 
 
 Driver Comments: 
 

Driver:  Would be beneficial to those who do not get proper sleep. 
 
Driver:  During nighttime driving we clearly need systems to help.  Finding a method of 
maintaining alertness would be helpful. 
  
Driver:  Maybe a voice-activated warning would be better. 
 
Driver:  4 Drivers wrote good, or great idea as an aid.  I like it. 
 
Driver:  I do not think that it would change the way you drive. 
 
Driver:  I think every truck should be equipped with SafeTRAC and HPCS. 
 
Driver:  Good idea – only the driver has to stop no matter what the monitor says.  
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Q. 77. This question is about driver opinions regarding your alertness being monitored or 
your performance being recorded.  
 
In this study, for our research purposes, we obviously collected measurements of a) your 
alertness and/or drowsiness, the amounts of sleep you obtained or missed, and your driving 
performance data within the truck. As we promised, we will only describe those data in our 
reports with full respect of driver confidentiality, e.g. we will cite them in group statistics, etc.   
 
You knew from the beginning of your participation, that we installed an Accident Prevention 
Plus (AP+) black box recording system in the truck, and it continuously recorded many 
parameters about the truck performance, your driving performance, and the alertness or 
drowsiness indicators from the fatigue management devices as well.  Note this question was also 
asked as Q. 24 after the first two weeks of driving with “No Feedback” condition.  
 
The prototype driver alertness monitoring systems we provided you in this study (e.g. the 
SleepWatch, Lane Tracker, PERCLOS) are each meant to be the driver’s personal alertness 
monitoring systems, for his or her personal use only.  At this point, they are not designed nor 
intended for capturing your performance data for use by any other person(s). 

 
 
Since you knew that, the question is, did the idea of having your performance recorded for 

several weeks have any effects on your driving behavior, and performance?  _____ Yes, 
some effect ______ No effect     ______ I'm not sure  Please explain:  

 
Summary for Q. #24 (without displayed feedback): 3 Yes some effect.  7 No Effect, 2 
not sure 

 
 Driver Comments: 
 

Driver:   Yes, some effect.  I drove safer and more aware of driving my truck properly. 
 
Driver:  Yes, some effect.  At the start, yes it was distracting but after the first few days I 
was fine. 
Driver:   Yes, some effect.  Pay more attention to my speed. 
 
Driver:   No effect.  It didn’t bother me.  I guess I didn’t care if I was being monitored. 
 
Driver:   No effect.  You told me to drive like they weren’t there, so other than to point the 
SleepWatch to my face every day, I drove like there was nothing different about my truck. 
 
Driver:   No effect.   I acted as if it wasn’t there.  
 
Driver:   I’m not sure.  Only crossed my mind once or twice. 
 

 
Summary for Q. #77 (After With Feedback Condition):  5 Yes, some effect 7 No Effect 
 
Driver comments:  
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Driver: Yes, some effect.  It made me aware of driving to the best of my ability.  And 
being safer. 
 
Driver:  Yes, some effect.  The first week I was unsure, but gradually felt comfortable.  
 
Driver:  Yes, some effect.  Made me more aware to tune up some of my driving skills. 
 
Driver:  Yes, some effect.  Tried to keep straight with SafeTRAC.  Really helps.  Love 
Howard Power Steering System. 
 
Driver:  No effect.  I didn’t care what was in the truck; it didn’t bother me. 
 
Driver:  No effect.  I drove as I always do. 
 
Driver:  No effect.  I drive the way I drive.  I’m safe and professional. That does not 
change whether I am being watched, taped, recorded or anything else. 
 
Driver:  No effect.  I performed my job as I always did. 
 

 
Q. 25 (No Feedback Condition) and also Q. 78 (With Feedback Condition).  
 
If use of fatigue management aids (like PERCLOS, SafeTRAC, or SleepWatch) or black 
box monitoring technologies (like our AP+ recorder) were made mandatory, by either 
government regulations or by trucking industry management, what is your opinion about 
how they should be used, or might work best?  What operational or procedural 
considerations would they present to you as driver?   
 

 Q. 25, after “No Feedback” Condition, (end of 1st 2 weeks),  
  
 Driver comments: 
 
Driver:  This would help us to be more aware of the necessity to be safer and create a 
better image to the general public about us recognizing we need to be safer on our 
highways. 
 
Driver:  I do not feel on a permanent basis.  It would be appropriate. 
 
Driver:  I don’t think anybody would like the black box.  It’s just too much like big brother 
always watching. 
 
Driver:  If I were aware they were in truck I would pay more attention to speed and safety. 
 
Driver:  Somehow forcing a driver to pull over and rest so truck is able to continue. 
 
Driver:  A 15-minute shut down period after getting safely off roadway. 
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Driver:  I do not know what might work best but the log book is not good for keeping track 
of drivers because you can lie. 
 
Driver:  Even though I haven’t used it yet, I am already sold on SafeTRAC.  If it were 
made mandatory I would welcome it. 
 
Driver:  I would not like that because it could be used against a driver to terminate a 
driver. 
 
Driver:  No problem with it.  Should keep tab on all functions, equipment as well as the 
driver alertness.  Like having extra set of eyes on board.  Help in any lawsuit because of an 
accident. 
 
 
Q. 78 After “With Feedback” Condition, (end of 4 weeks),  
 
Driver Comments:  
 
Driver:  I would like the HPCS system. – These other devices would be helpful in 
detecting and analyzing accidents – if they are made mandatory I will adjust accordingly. 
 
Driver:  Positively a NO on black box as permanent thing.  I do not wish to have my life 
monitored. 
 
Driver:  There are to many improvements that need to made is these aids before I could 
give an honest opinion. 
 
Driver:  optional only. 
 
Driver:  made sure I was good to go when I came to work. 
 
Driver:  distracting – everything should be hidden. 
 
Driver:  invasion of privacy could be a problem. 
 
Driver:  I feel you would have a troubled Drivers.  Everyone dives tired especially at night 
time hours. 
 
Driver:  not sure. 
 
Driver:  I would not have a problem with any of the above. 
 
Driver:  As long as devices are used to aid a driver instead of terminating a driver it would 
be ok. 
 
Driver:  Monitoring box black no problem could help with lawsuits but should be optional 
no Government regulations! 
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Q. 79. Did you have any law enforcement citations for moving violations during the last 2-
week period while driving your truck? _____ yes  ____ no       If yes, please explain:  

 

Summary for Q. #79:   1  Yes   and  11  No 

 
Driver #032: yes, a speeding violation in the second week of the study 
 
 

Q. 80. Did you have any law enforcement citations for logbook violations during the last 2-
week period while driving your truck?    ____ yes  _____ no If yes, please explain:  

 
 Summary for Q. #80:      12 No. 
 
 
Q. 81. Where you involved in an accident or crash during the past 2-week period while 
driving your truck? _____ yes  _____ no.   If yes, please explain.  
 
 Summary for Q. #81:    12 No 
 
 
Q. 82. Did you have any law enforcement citations for an action that occurred in the 
context of an accident during the last 2-week period while driving your truck?   
 _____ yes      _____ no  If yes, please explain:  
 
 Summary for Q. #82:           12  No. 
 
 
Q. 83. Are you willing to participate in a focus group session with other drivers, which 
would be held when all drivers have completed their participation in this study?  The 
session is intended to increase our understanding of driver experience and reaction to the 
FMT devices.  Any publication of the results of the focus group session will not identify 
individual drivers. 
 

Summary for Q. #83:   10 Yes    and  2 No.  Two drivers answering “Yes” indicated as 
long as they are paid for their time. 

 
 
Q. 84.  Please think ahead with me for a few moments beyond the results of this field study. 
Assume for this question that we would be able to have some engineers and equipment 
designers make many of the important improvements and changes to the “fatigue 
monitoring devices” you have worked with these past four weeks  ---- lets assume that we 
put many of the good suggestions you and your fellow drivers gave us into practice; that we 
had the devices all fixed up right, so that they worked well and were mounted properly into 
the cabs of the trucks. The question for you now is, how would you rank the items on a 
scale from “one” to “ten” in terms of how well you would like them for yourself and other 
truck drivers?  Use the rank of “1” to mean “not good, don’t like or want it” and use the 
rank of “10” to mean it’s a terrific idea, and you would like to have one in your truck 
and/or think other drivers should want it too. 
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Please rate each device on a scale of from “1” to “10”: 

 
  SleepWatch:____________ PERCLOS:____________ 
 
  SafeTRAC:____________   HPCS:        ____________ 
 
 
Answers to Question #84 shown as raw data in table below.  
 
 
Q. 84 Table: Raw Data Rating Scores for each FMT Device (1 to 10 scale)* 

USA Fatigue Management Technologies 
Driver 

Number 
CoPilot 

PERCLOS SleepWatch SafeTRAC Howard Power 
Center Steering 

031 1 3 3 10 
032 1 5 5 10 
033 1 5 7.5 10 
034 8 9 8 9 
035 2.5 9 8 5 
036 2 5 7 4 
037 5 9 10 6 
038 2 4 9 7 
039 1 1 8 10 
040 2 8 10 10 
041 3 10 5 10 
042 7 5 9 9 

     
N=12 N=12 N=12 N=12 N=12 

Average 
Rating 2.96 6.08 7.46 8.33 

Percent ≥ 9 0% 33% 33% 67% 
* Use the rank of “1” to mean “not good, don’t like or want it” and use the rank of “10” to mean 
“it’s a terrific idea,” and you would like to have one in your truck and/or think other drivers 
should want it too. 
 



 
 

 

 

For more information on the 
Federal Motor Carrier Safety 
Administration and the Office of 
Research and Technology, check 
our website at www.fmcsa.dot.gov.

Report No. FMCSA-RT-05-001




