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CHAPTER 2 HUMAN FACTORS 1 

The purpose of this chapter is to introduce the core elements of human factors 2 
that affect the interaction of drivers and roadways. With an understanding of how 3 
drivers interact with the roadway, there is more potential for roadways to be 4 
designed and constructed in a manner that minimizes human error and associated 5 
crashes.  6 

This chapter is intended to support the application of knowledge presented in 7 
Parts B, C, and D. It does not contain specific design guidance, as that is not the 8 
purpose of the Highway Safety Manual (HSM). For more detailed discussion of 9 
human factors and roadway elements, the reader is referred to NCHRP Report 600: 10 
Human Factors Guidelines for Road Systems.(6) 11 

2.1. INTRODUCTION: THE ROLE OF HUMAN FACTORS IN ROAD 12 
SAFETY 13 

The interdisciplinary study of human factors applies knowledge from the human 14 
sciences such as psychology, physiology, and kinesiology to the design of systems, 15 
tasks, and environments for effective and safe use. The goal of human factors is to 16 
reduce the probability and consequences of human error within systems, and 17 
associated injuries and fatalities, by designing with respect to human characteristics 18 
and limitations.  19 

Drivers make frequent mistakes because of human physical, perceptual, and 20 
cognitive limitations. These errors may not result in crashes because drivers 21 
compensate for other drivers’ errors or because the circumstances are forgiving (e.g., 22 
there is room to maneuver and avoid a crash). Near misses, or conflicts, are vastly 23 
more frequent than crashes. One study found a conflict-to-crash ratio of about 2,000 24 
to 1 at urban intersections.(28) 25 

In transportation, driver error is a significant contributing factor in most 26 
crashes.(41) For example, drivers can make errors of judgment concerning closing 27 
speed, gap acceptance, curve negotiation, and appropriate speeds to approach 28 
intersections. In-vehicle and roadway distractions, driver inattentiveness, and driver 29 
weariness can lead to errors. A driver can also be overloaded by the information 30 
processing required to carry out multiple tasks simultaneously, which may lead to 31 
error. To reduce their information load, drivers rely on a-priori knowledge, based on 32 
learned patterns of response; therefore, they are more likely to make mistakes when 33 
their expectations are not met. In addition to unintentional errors, drivers sometimes 34 
deliberately violate traffic control devices and laws.  35 

2.2. DRIVING TASK MODEL 36 

Driving comprises many sub-tasks, some of which must be performed 37 
simultaneously. The three major sub-tasks are: 38 

 Control: Keeping the vehicle at a desired speed and heading within the lane; 39 

 Guidance: Interacting with other vehicles (following, passing, merging, etc.) 40 
by maintaining a safe following distance and by following markings, traffic 41 
control signs, and signals;  and, 42 

 Navigation: Following a path from origin to destination by reading guide 43 
signs and using landmarks.(23) 44 

The goal of human factors is to 

reduce human error within 

systems, and associated 

injuries and fatalities, by 

designing with respect to 

human characteristics and 

limitations. 

Chapter 3, Section 3.2.4 

provides a discussion of the 

interactions among drivers, 

vehicles, and roadway 

crashes.  
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Each of these major sub-tasks involves observing different information sources 45 
and various levels of decision-making. The relationship between the sub-tasks can be 46 
illustrated in a hierarchical form, as shown in Exhibit 2-1. The hierarchical 47 
relationship is based on the complexity and primacy of each subtask to the overall 48 
driving task. The navigation task is the most complex of the subtasks, while the 49 
control sub-task forms the basis for conducting the other driving tasks.   50 

Exhibit 2-1: Driving Task Hierarchy 51 

 52 

Adapted from Alexander and Lunenfeld.(1) 53 

A successful driving experience requires smooth integration of the three tasks, 54 
with driver attention being switched from one to another task as appropriate for the 55 
circumstances. This can be achieved when high workload in the sub-tasks of control, 56 
guidance, and navigation does not happen simultaneously.  57 

2.3. DRIVER CHARACTERISTICS AND LIMITATIONS 58 

This section outlines basic driver capabilities and limitations in performing the 59 
driving tasks which can influence safety. Topics include driver attention and 60 
information processing ability, vision capability, perception-response time, and 61 
speed choice.  62 

2.3.1. Attention and Information Processing 63 

Driver attention and ability to process information is limited. These limitations 64 
can create difficulties because driving requires the division of attention between 65 
control tasks, guidance tasks, and navigational tasks. While attention can be switched 66 
rapidly from one information source to another, drivers only attend well to one 67 
source at a time. For example, drivers can only extract a small proportion of the 68 
available information from the road scene. It has been estimated that more than 69 
one billion units of information, each equivalent to the answer to a single yes or no 70 
question, are directed at the sensory system in one second.(25) On average, humans 71 
are expected to consciously recognize only 16 units of information in one second.  72 

To account for limited information processing capacity while driving, drivers 73 
subconsciously determine acceptable information loads they can manage. When 74 

The driving task includes: 

control, guidance, and 

navigation.  
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drivers’ acceptable incoming information load is exceeded, they tend to neglect other 75 
information based on level of importance. As with decision making of any sort, error 76 
is possible during this process. A driver may neglect a piece of information that turns 77 
out to be critical, while another less-important piece of information was retained. 78 

Scenarios illustrating circumstances in which drivers might be overloaded with 79 
information are described in Exhibit 2-2. Each may increase the probability of driver 80 
error given human information processing limitations.  81 

Exhibit 2-2:  Example Scenarios of Driver Overload  82 

 83 

As shown in Exhibit 2-2, traffic conditions and operational situations can 84 
overload the user in many ways. Roadway design considerations for reducing driver 85 
workload are: 86 

 Presenting information in a consistent manner to maintain appropriate 87 
workload; 88 

 Presenting information sequentially, rather than all at once, for each of the 89 
control, guidance, and navigation tasks; and, 90 

 Providing clues to help drivers prioritize the most important information to 91 
assist them in reducing their workload by shedding extraneous tasks. 92 

In addition to information processing limitations, drivers’ attention is not fully 93 
within their conscious control. For drivers with some degree of experience, driving is 94 
a highly automated task. That is, driving can be, and often is, performed while the 95 
driver is engaged in thinking about other matters. Most drivers, especially on a 96 
familiar route, have experienced the phenomenon of becoming aware that they have 97 
not been paying attention during the last few miles of driving. The less demanding 98 
the driving task, the more likely it is that the driver’s attention will wander, either 99 
through internal preoccupation or through engaging in non-driving tasks. Factors 100 
such as increased traffic congestion and increased societal pressure to be productive 101 
could also contribute to distracted drivers and inattention. Inattention may result in 102 
inadvertent movements out of the lane, or failure to detect a stop sign, a traffic signal, 103 
or a vehicle or pedestrian on a conflicting path at an intersection. 104 

Driver Expectation 105 

One way to accommodate for human information processing limitations is to 106 
design roadway environments in accordance with driver expectations. When drivers 107 
can rely on past experience to assist with control, guidance, or navigation tasks there 108 
is less to process because they only need to process new information. Drivers develop 109 

Scenario Example 

High demands from more than 
one information source 

Merging into a high-volume, 
high-speed freeway traffic 
stream from a high-speed 
interchange ramp 

The need to make a complex 
decision quickly 

Stop or go on a yellow signal 
close to the stop line 

The need to take in large 
quantities of information at one 
time 

An overhead sign with multiple 
panels, while driving in an 
unfamiliar place 

Overload of information or 

distractions can increase 

probability of driver error. 

Designing facilities consistent 

with driver expectations simplifies 

the driving task.  
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both long- and short-term expectancies. Examples of long-term expectancies that an 110 
unfamiliar driver will bring to a new section of roadway include: 111 

 Upcoming freeway exits will be on the right-hand side of the road; 112 

 When a minor and a major road cross, the stop control will be on the road 113 
that appears to be the minor road;  114 

 When approaching an intersection, drivers must be in the left lane to make a 115 
left turn at the cross street; and,  116 

 A continuous through lane (on a freeway or arterial) will not end at an 117 
interchange or intersection junction. 118 

Examples of short-term expectancies include: 119 

 After driving a few miles on a gently winding roadway, upcoming curves 120 
will continue to be gentle;  121 

 After traveling at a relatively high speed for some considerable distance, 122 
drivers expect the road ahead will be designed to accommodate the same 123 
speed; and,   124 

 After driving at a consistent speed on well-timed, coordinated signalized 125 
arterial corridors drivers may not anticipate a location that operates at a 126 
different cycle length. 127 

2.3.2. Vision 128 

Approximately 90 percent of the information that drivers use is visual.(17) While 129 
visual acuity is the most familiar aspect of vision related to driving, numerous other 130 
aspects are equally important. The following aspects of driver vision are described in 131 
this section: 132 

 Visual Acuity – The ability to see details at a distance; 133 

 Contrast Sensitivity – The ability to detect slight differences in luminance 134 
(brightness of light) between an object and its background; 135 

 Peripheral Vision – The ability to detect objects that are outside of the area 136 
of most accurate vision within the eye; 137 

 Movement in Depth – The ability to estimate the speed of another vehicle by  138 
the rate of change of visual angle of the vehicle created at the eye ; and, 139 

 Visual Search – The ability to search the rapidly changing road scene to 140 
collect road information. 141 

Visual Acuity 142 

Visual acuity determines how well drivers can see details at a distance. It is 143 
important for guidance and navigation tasks, which require reading signs and 144 
identifying potential objects ahead.  145 

Under ideal conditions, in daylight, with high contrast text (black on white), and 146 
unlimited time, a person with a visual acuity of 20/20, considered “normal vision,” 147 
can just read letters that subtend an angle of 5 minutes of arc. A person with 20/40 148 

The majority of driver 

information is visual 

information.  



 Highway Safety Manual – 1st Edition Current as of April 6, 2009 

Part A / Introduction and Fundamentals  Page 2-5 
Chapter 2—Human Factors in Road Safety 

vision needs letters that subtend twice this angle, or 10 minutes of arc. With respect 149 
to traffic signs, a person with 20/20 vision can just barely read letters that are 1 inch 150 
tall at 57 feet, and letters that are 2 inches tall at 114 feet and so on. A person with 151 
20/40 vision would need letters of twice this height to read them at the same 152 
distances. Given that actual driving conditions often vary from the ideal conditions 153 
listed above and driver vision varies with age, driver acuity is often assumed to be 154 
less than 57 feet per inch of letter height for fonts used on highway guide signs.(24) 155 

Contrast Sensitivity 156 

Contrast sensitivity is often recognized as having a greater impact on crash 157 
occurrence than visual acuity. Contrast sensitivity is the ability to detect small 158 
differences in luminance (brightness of light) between an object and the background. 159 
The lower the luminance of the targeted object, the more contrast is required to see 160 
the object. The target object could be a curb, debris on the road, or a pedestrian.  161 

Good visual acuity does not necessarily imply good contrast sensitivity. For 162 
people with standard visual acuity of 20/20, the distance at which non-reflective 163 
objects are detected at night can vary by a factor of 5 to 1.(31) Drivers with normal 164 
vision but poor contrast sensitivity may have to get very close to a low-contrast target 165 
before detecting it. Experimental studies show that even alerted subjects can come as 166 
close as 30 feet before detecting a pedestrian in dark clothing standing on the left side 167 
of the road.(24) In general, pedestrians tend to overestimate their own visibility to 168 
drivers at night. On average, drivers see pedestrians at half the distance at which 169 
pedestrians think they can be seen.(3) This may result in pedestrians stepping out to 170 
cross a street while assuming that drivers have seen them, surprising drivers, and 171 
leading to a crash or near-miss event.  172 

Peripheral Vision 173 

The visual field of human eyes is large: approximately 55 degrees above the 174 
horizontal, 70 degrees below the horizontal, 90 degrees to the left and 90 degrees to 175 
the right. However, only a small area of the visual field allows accurate vision. This 176 
area of accurate vision includes a cone of about two to four degrees from the focal 177 
point (see Exhibit 2-3). The lower-resolution visual field outside the area of accurate 178 
vision is referred to as peripheral vision. Although acuity is reduced, targets of 179 
interest can be detected in the low-resolution peripheral vision. Once detected, the 180 
eyes shift so that the target is seen using the area of the eye with the most accurate 181 
vision.   182 

Key aspects of vision 

are acuity, contrast 

sensitivity, peripheral 

vision, movement in 

depth, and visual 

search. 
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Exhibit 2-3: Area of Accurate Vision in the Eye 183 

 184 
Targets that drivers need to detect in their peripheral vision include vehicles on 185 

an intersecting path, pedestrians, signs, and signals. In general, targets best detected 186 
by peripheral vision are objects that are closest to the focal point; that differ greatly 187 
from their backgrounds in terms of brightness, color, and texture; that are large; and 188 
that are moving. Studies show the majority of targets are noticed when located less 189 
than 10 to 15 degrees from the focal point and that even when targets are 190 
conspicuous, glances at angles over 30 degrees are rare.(8,39)  191 

Target detection in peripheral vision is also dependent on demands placed on 192 
the driver. The more demanding the task, the narrower the “visual cone of 193 
awareness” or the “useful field of view,” and the less likely the driver is to detect 194 
peripheral targets. 195 

Exhibit 2-4 summarizes the driver’s view and awareness of information as the 196 
field of view increases from the focal point. Targets are seen in high resolution within 197 
the central 2-4 degrees of the field of view. While carrying out the driving task, the 198 
driver is aware of information seen peripherally, within the central 20 to 30 degrees. 199 
The driver can physically see information over a 180-degree area, but is not aware of 200 
it while driving, unless motivated to direct his or her attention there.  201 
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Exhibit 2-4: Relative Visibility of Target Object as Viewed with Peripheral Vision 202 

 203 

Movement in Depth 204 

Numerous driving situations require drivers to estimate movement of vehicles 205 
based on the rate of change of visual angle created at the eye by the vehicle. These 206 
situations include safe following of a vehicle in traffic, selecting a safe gap on a two-207 
way stop-controlled approach, and passing another vehicle with oncoming traffic 208 
and no passing lane.  209 

The primary cue that drivers use to determine their closing speed to another 210 
vehicle is the rate of change of the image size. Exhibit 2-5 illustrates the relative 211 
change of the size of an image at different distances from a viewer.  212 
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Exhibit 2-5:  Relationship Between Viewing Distance and Image Size 213 

 214 
Adapted from Olson and Farber.(14) 215 

As shown in Exhibit 2-5, the relationship between viewing distance and image 216 
size is not a linear relationship. The fact that it is a non-linear relationship is likely the 217 
source of the difficulty drivers have in making accurate estimates of closing speed. 218 

Drivers use the observed change in the size of a distant vehicle, measured by the 219 
rate of change of the visual angle occupied by the vehicle, to estimate the vehicle’s 220 
travel speed. Drivers have difficulty detecting changes in vehicle speed over a long 221 
distance due to the relatively small amount of change in the size of the vehicle that 222 
occurs per second. This is particularly important in overtaking situations on two-lane 223 
roadways where drivers must be sensitive to the speed of oncoming vehicles. When 224 
the oncoming vehicle is at a distance at which a driver might pull out to overtake the 225 
vehicle in front, the size of that oncoming vehicle is changing gradually and the 226 
driver may not be able to distinguish whether the oncoming vehicle is traveling at a 227 
speed above or below that of average vehicles. In overtaking situations such as this, 228 
drivers have been shown to accept insufficient time gaps when passing in the face of 229 
high-speed vehicles, and to reject sufficient time gaps when passing in the face of 230 
other low-speed vehicles.(5,13) 231 

Limitations in driver perception of closing speed may also lead to increased 232 
potential for rear-end crashes when drivers traveling at highway speeds approach 233 
stopped or slowing vehicles and misjudge the stopping distance available. This safety 234 
concern is compounded when drivers are not expecting this situation. One example 235 
is on a two-lane rural roadway where a left-turning driver must stop in the through 236 
lane to wait for an acceptable gap in opposing traffic. An approaching driver may not 237 
detect the stopped vehicle. In this circumstance the use of turn signals or visibility of 238 
brake lights may prove to be a crucial cue for determining that the vehicle is stopped 239 
and waiting to turn. 240 

Drivers use the observed 

change in size of an object 

to estimate speed.  

Drivers have difficulty 

detecting the rate of 

closing speed due to the 

relatively small amount of 

change in the size of the 

vehicle that occurs per 

second when the vehicle 

is at a distance.  
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Visual Search 241 

The driving task requires active search of the rapidly changing road scene, which 242 
requires rapid collection and absorption of road information. While the length of an 243 
eye fixation on a particular subject can be as short as 1/10 of a second for a simple 244 
task such as checking lane position, fixation on a complex subject can take up to 2 245 
seconds.(35) By understanding where drivers fix their eyes while performing a 246 
particular driving task, information can be placed in the most effective location and 247 
format.  248 

Studies using specialized cameras that record driver-eye movements have 249 
revealed how drivers distribute their attention amongst the various driving sub-250 
tasks, and the very brief periods of time (fixations) drivers can allocate to any one 251 
target while moving. On an open road, study drivers fixated approximately 90 252 
percent of the time within a 4-degree region vertically and horizontally from a point 253 
directly ahead of the driver.(26) Within this focused region, slightly more than 50-254 
percent of all eye fixations occurred to the right side of the road where traffic signs 255 
are found. This indicates that driver visual search is fairly concentrated.  256 

The visual search pattern changes when a driver is negotiating a horizontal curve 257 
as opposed to driving on a tangent. On tangent sections, drivers can gather both path 258 
and lateral position information by looking ahead. During curve negotiation, visual 259 
demand is essentially doubled, as the location of street sign and roadside information 260 
is displaced (to the left or to the right) from information about lane position. Eye 261 
movement studies show that drivers change their search behavior several seconds 262 
prior to the start of the curve. These findings suggest that advisory curve signs placed 263 
just prior to the beginning of the approach zone may reduce visual search 264 
challenges.(38)  265 

Other road users, such as pedestrians and cyclists, also have a visual search task. 266 
Pedestrians can be observed to conduct a visual search if within three seconds of 267 
entering the vehicle path the head is turned toward the direction in which the vehicle 268 
would be coming from. The visual search varies with respect to the three types of 269 
threats: vehicles from behind, from the side, and ahead. Vehicles coming from behind 270 
require the greatest head movement and are searched for the least. These searches are 271 
conducted by only about 30 percent of pedestrians. Searches for vehicles coming 272 
from the side and from ahead are more frequent, and are conducted by 273 
approximately 50 and 60 percent of pedestrians, respectively. Interestingly between 8 274 
and 25 percent of pedestrians at signalized downtown intersections without auditory 275 
signals do not look for threats.(42) 276 

2.3.3. Perception-Reaction Time 277 

Perception-reaction time (PRT) includes time to detect a target, process the 278 
information, decide on a response, and initiate a reaction. Although higher values 279 
such as 1.5 or 2.5 seconds are commonly used because it accommodates the vast 280 
percentage of drivers in most situations, it is important to note that PRT is not fixed. 281 
PRT depends on human elements discussed in previous sections, including 282 
information processing, driver alertness, driver expectations, and vision.  283 

The following sections describe the components of perception-reaction time: 284 
detection, decision, and response. 285 

Detection 286 

The initiation of PRT begins with detection of an object or obstacle that may have 287 
potential to cause a crash. At this stage the driver does not know whether the 288 

Perception reaction time is 

influenced by: detection time, 

decision time, and response time.  
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observed object is truly something to be concerned with, and if so, the level of 289 
concern.  290 

Detection can take a fraction of a second for an expected object or a highly 291 
conspicuous object placed where the driver is looking. However, at night an object 292 
which is located several degrees from the line of sight, and which is of low contrast 293 
compared to the background, may not be seen for many seconds. The object cannot 294 
be seen until the contrast of the object exceeds the threshold contrast sensitivity of the 295 
driver viewing it.  296 

Failures in detection are most likely for objects that are:  297 

 More than a few degrees from the driver’s line of sight; 298 

 Minimally contrasted with the background; 299 

 Small in size; 300 

 Seen in the presence of glare; 301 

 Not moving; and, 302 

 Unexpected and not being actively searched for by the driver. 303 

Once an object or obstacle has been detected, the details of the object or obstacle 304 
must be determined in order to have enough information to make a decision. As 305 
discussed in the next section, identification will be delayed when the object being 306 
detected is unfamiliar and unexpected. For example, a low-bed, disabled tractor-307 
trailer with inadequate reflectors blocking a highway at night will be unexpected and 308 
hard to identify. 309 

Decision 310 

Once an object or obstacle has been detected and enough information has been 311 
collected to identify it, a decision can be made as to what action to take. The decision 312 
does not involve any action, but rather is a mental process that takes what is known 313 
about the situation and determines how the driver will respond.  314 

Decision time is highly dependent on circumstances that increase the complexity 315 
of a decision or require it be made immediately. Many decisions are made quickly 316 
when the response is obvious. For example, when the driver is a substantial distance 317 
from the intersection and the traffic light turns red, minimal time is needed to make 318 
the decision. If, on the other hand, the driver is close to the intersection and the traffic 319 
light turns yellow, there is a dilemma: is it possible to stop comfortably without 320 
risking being rear-ended by a following vehicle, or is it better to proceed through the 321 
intersection? The time to make this stop-or-go decision will be longer given that there 322 
are two reasonable options and more information to process. 323 

Decision-making also takes more time when there is an inadequate amount of 324 
information or an excess amount. If the driver needs more information, they must 325 
search for it. On the other hand, if there is too much information the driver must sort 326 
through it to find the essential elements, which may result in unnecessary effort and 327 
time. Decision-making also takes more time when drivers have to determine the 328 
nature of unclear information, such as bits of reflection on a road at night. The bits of 329 
reflection may result from various sources, such as harmless debris or a stopped 330 
vehicle.  331 

Once an object or obstacle has 

been detected and enough 

information has been collected 

to identify it, a decision can be 

made as to what action to 

take.  
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Response 332 

When the information has been collected, processed, and a decision has been 333 
made, time is needed to respond physically. Response time is primarily a function of 334 
physical ability to act upon the decision and can vary with age, lifestyle (athletic, 335 
active, or sedentary), and alertness. 336 

Perception-Reaction Times in Various Conditions 337 

Various factors present in each unique driving situation affect driver perception-338 
reaction time; therefore, it is not a fixed value. Guidance for a straight-forward 339 
detection situation comes from a study of “stopping-sight distance” perception-340 
reaction times. The experiment was conducted in daylight while a driver was cresting 341 
a hill and looking at the road at the very moment an object partially blocking the road 342 
came into view without warning. The majority of drivers (85%) reacted within 1.3 343 
seconds, and 95% of drivers reacted within 1.6 seconds.(30) In a more recent study 344 
which also examined drivers’ response to unexpected objects entering the roadway, it 345 
was concluded that a perception-reaction time of approximately 2.0 sec seems to be 346 
inclusive of nearly all the subjects’ responses under all conditions tested.(12)  347 

However, the 2.0 second perception-reaction time may not be appropriate for 348 
application to a low contrast object seen at night. Although an object can be within 349 
the driver’s line of sight for hundreds of feet, there may be insufficient light from low 350 
beam headlights, and insufficient contrast between the object and the background for 351 
a driver to see it. Perception-reaction time cannot be considered to start until the 352 
object has reached the level of visibility necessary for detection, which varies from 353 
driver to driver and is influenced by the driver’s state of expectation. A driving 354 
simulator study found that drivers who were anticipating having to respond to 355 
pedestrian targets on the road edge took an average of 1.4 seconds to respond to a 356 
high contrast pedestrian, and 2.8 seconds to respond to a low contrast pedestrian, 357 
indicating a substantial impact of contrast on perception-reaction time.(34) Glare 358 
lengthened these perception-reaction times even further. It should be noted that 359 
subjects in experiments are abnormally alert, and real-world reaction times could be 360 
expected to be longer.   361 

As is clear from this discussion, perception-reaction time is not a fixed value. It is 362 
dependent on driver vision, conspicuity of a traffic control device or objects ahead, 363 
the complexity of the response required, and the urgency of that response.  364 

2.3.4. Speed Choice 365 

A central aspect of traffic safety is driver speed choice. While speed limits 366 
influence driver speed choice, these are not the only or the most important influences. 367 
Drivers select speed using perceptual and “road message” cues. Understanding these 368 
cues can help establish self-regulating speeds with minimal or no enforcement.  369 

This section includes a summary of how perceptual and road message cues 370 
influence speed choice. 371 

Perceptual Cues 372 

A driver’s main cue for speed choice comes from peripheral vision. In 373 
experiments where drivers are asked to estimate their travel speed with their 374 
peripheral vision blocked (only the central field of view can be used), the ability to 375 
estimate speed is poor. This is because the view changes very slowly in the center of a 376 
road scene. If, on the other hand, the central portion of the road scene is blocked out, 377 

Perception reaction time is not 

fixed. It is influenced by many 

factors including: driver vision, 

conspicuity of objects, and the 

complexity of a situation.  
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and drivers are asked to estimate speed based on the peripheral view, drivers do 378 
much better.(36)  379 

Streaming (or “optical flow”) of information in peripheral vision is one of the 380 
greatest influences on drivers’ estimates of speed. Consequently, if peripheral stimuli 381 
are close by, then drivers will feel they are going faster than if they encounter a wide-382 
open situation. In one study, drivers were asked to drive at 60 mph with the 383 
speedometer covered. In an open-road situation, the average speed was 57 mph. 384 
After the same instructions, but along a tree-lined route, the average speed was 53 385 
mph.(38) The researchers believe that the trees near the road provided peripheral 386 
stimulation, giving a sense of higher speed.  387 

Noise level is also an important cue for speed choice. Several studies examined 388 
how removing noise cues influenced travel speed. While drivers’ ears were covered 389 
(with ear muffs) they were asked to travel at a particular speed. All drivers 390 
underestimated how fast they were going and drove 4 to 6 mph faster than when the 391 
usual sound cues were present.(11,10) With respect to lowering speeds, it has been 392 
counter-productive to progressively quiet the ride in cars and to provide smoother 393 
pavements.  394 

Another aspect of speed choice is speed adaptation. This is the experience of 395 
leaving a freeway after a long period of driving and having difficulty conforming to 396 
the speed limit on an arterial road. One study required subjects to drive for 20 miles 397 
on a freeway and then drop their speeds to 40 mph on an arterial road. The average 398 
speed on the arterial was 50 miles per hour.(37) This speed was higher than the 399 
requested speed despite the fact that these drivers were perfectly aware of the 400 
adaptation effect, told the researchers they knew this effect was happening, and tried 401 
to bring their speed down. The adaptation effect was shown to last up to five or six 402 
minutes after leaving a freeway, and to occur even after very short periods of high 403 
speed.(37) Various access management techniques, sign placement, and traffic calming 404 
devices may help to reduce speed adaptation effects. 405 

Road Message Cues 406 

Drivers may interpret the roadway environment as a whole to encourage fast or 407 
slow speeds depending on the effects of the geometry, terrain, or other roadway 408 
elements. Even though drivers may not have all the information for correctly 409 
assessing a safe speed, they respond to what they can see. Drivers tend to drive faster 410 
on a straight road with several lanes, wide shoulders, and a wide clear zone, than 411 
drivers on a narrow, winding road with no shoulders or a cliff on the side. For 412 
example, speeds on rural highway tangents are related to cross-section and other 413 
variables, such as the radius of the curve before and after the tangent, available sight 414 
distance, and general terrain.(33) 415 

The difficulty of the driving task due to road geometry (e.g., sharp curves, 416 
narrow shoulders) strongly influences driver perception of risk and, in turn, driver 417 
speed. Exhibit 2-6 shows the relationship between risk perception, speed, various 418 
geometric elements, and control devices. These relationships were obtained from a 419 
study in which drivers travelled a section of roadway twice. Each time the speed of 420 
the vehicle was recorded. The first time test subjects travelled the roadway they 421 
drove the vehicle. The second time the test subjects travelled the roadway, there were 422 
passengers in the vehicle making continuous estimates of the risk of a crash.(33) As 423 
shown in Exhibit 2-6, where drivers perceived the accident risk to be greater (e.g., 424 
sharp curves, limited sight distance), they reduced their travel speed. 425 

 426 
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Exhibit 2-6:  Perceived Risk of an Accident and Speed 427 

 428 

 429 

Source: Horizontal Alignment Design Consistency for Rural Two-lane Highways, RD-94-034, FHWA. 430 

Speed advisory plaques on curve warning signs appear to have little effect on 431 
curve approach speed, probably because drivers feel they have enough information 432 
from the roadway itself and select speed according to the appearance of the curve 433 
and its geometry. One study recorded the speeds of 40 drivers, unfamiliar with the 434 
route, on curves with and without speed plaques. Although driver eye movements 435 
were recorded and drivers were found to look at the warning sign, the presence of a 436 
speed plaque had no effect on drivers’ selected speed.(22) 437 

In contrast, a study of 36 arterial tangent sections found some influence of speed 438 
limit, but no influence of road design variables. The sections studied had speed limits 439 
that ranged from 25 to 55 mph. Speed limit accounted for 53 percent of the variance 440 
in speed, but factors such as alignment, cross-section, median presence, and roadside 441 
variables were not found to be statistically significantly related to operating speed.(21) 442 

2.4. POSITIVE GUIDANCE 443 

Knowledge of human limitations in information processing and human reliance 444 
on expectation to compensate for those limitations in information processing, led to 445 
the “positive guidance” approach to highway design. This approach is based on a 446 
combination of human factors and traffic engineering principles.(18) The central 447 
principle is that road design that corresponds with driver limitations and 448 
expectations increases the likelihood of drivers responding to situations and 449 
information correctly and quickly. Conversely, when drivers are not provided with 450 
information in a timely fashion, when they are overloaded with information, or when 451 
their expectations are not met, slowed responses and errors may occur. 452 

Design that conforms to long-term expectancies reduces the chance of driver 453 
error. For example, drivers expect that there are no traffic signals on freeways and 454 
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freeway exits are on the right. If design conforms to those expectancies it reduces the 455 
risk of a crash. Short-term expectancies can also be impacted by design decisions. An 456 
example of a short-term expectation is that subsequent curves on a section of road are 457 
gradual, given that all previous curves were gradual. 458 

With respect to traffic control devices, the positive guidance approach 459 
emphasizes assisting the driver with processing information accurately and quickly 460 
by considering:  461 

 Primacy: Determine the placements of signs according to the importance of 462 
information, and avoid presenting the driver with information when and 463 
where the information is not essential. 464 

 Spreading: Where all the information required by the driver cannot be 465 
placed on one sign or on a number of signs at one location, spread the 466 
signage along the road so that information is given in small chunks to reduce 467 
information load. 468 

 Coding: Where possible, organize pieces of information into larger units. 469 
Color and shape coding of traffic signs accomplishes this organization by 470 
representing specific information about the message based on the color of 471 
the sign background and the shape of the sign panel (e.g., warning signs are 472 
yellow, regulatory signs are white). 473 

 Redundancy: Say the same thing in more than one way. For example, the 474 
stop sign in North America has a unique shape and message, both of which 475 
convey the message to stop. A second example of redundancy is to give the 476 
same information by using two devices (e.g., “no passing” indicated with 477 
both signs and pavement markings). 478 

2.5. IMPACTS OF ROAD DESIGN ON THE DRIVER 479 

This section considers major road design elements, related driver tasks, and 480 
human errors associated with common crash types. It is not intended to be a 481 
comprehensive summary, but is intended to provide examples to help identify 482 
opportunities where human factors knowledge can be applied to improve design. 483 

2.5.1. Intersections and Access Points 484 

As discussed in Section 2.2, the driving task involves control, guidance, and 485 
navigation elements. At intersections, each of these elements presents challenges:  486 

 Control: The path through the intersection is typically unmarked and may 487 
involve turning;  488 

 Guidance: There are numerous potential conflicts with other vehicles, 489 
pedestrians, and cyclists on conflicting paths; and  490 

 Navigation: Changes in direction are usually made at intersections, and road 491 
name signing can be difficult to locate and read in time to accomplish any 492 
required lane changes. 493 

In the process of negotiating any intersection, drivers are required to: 494 

 Detect the intersection; 495 

 Identify signalization and appropriate paths; 496 
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 Search for vehicles, pedestrians, and bicyclists on a conflicting path; 497 

 Assess adequacy of gaps for turning movements; 498 

 Rapidly make a stop/go decision on the approach to a signalized 499 
intersection when in the decision zone; and, 500 

 Successfully complete through or turning maneuvers.  501 

Thus, intersections place high demands on drivers in terms of visual search, gap 502 
estimation, and decision-making requirements that increase the potential for error. 503 
Road crash statistics show that although intersections constitute a small portion of 504 
the highway network, about 50 percent of all urban crashes and 25 percent of rural 505 
crashes are related to intersections.(43) A study of the human factors contributing 506 
causes to crashes found that the most frequent type of error was “improper lookout,” 507 
and that 74 percent of these errors occurred at intersections. In about half of the cases, 508 
drivers failed to look, and in about half of the cases, drivers “looked but did not 509 
see.”(41,15)  510 

Errors Leading to Rear-End and Sideswipe Crashes 511 

Errors leading to rear-end and sideswipe crashes include the following: 512 

 Assuming that the lead driver, once moving forward, will continue through 513 
the stop sign, but the lead driver stops due to late recognition that there is a 514 
vehicle or pedestrian on a conflicting path. 515 

 Assuming that the lead driver will go through a green or yellow light, but 516 
the lead driver stops due to greater caution. Drivers following one another 517 
can make differing decisions in this “dilemma zone”. As speed increases, the 518 
length of the dilemma zone increases. Additionally, as speed increases, the 519 
deceleration required is greater and the probability of a rear-end crash may 520 
also increase. 521 

 Assuming that the lead driver will continue through a green or yellow light 522 
but the lead driver slows or stops due to a vehicle entering or exiting an 523 
access point just prior to the intersection, or a vehicle exiting an access point 524 
suddenly intruding into the lane, or a pedestrian crossing against a red light. 525 

 Changing lanes to avoid a slowing or stopped vehicle, with inadequate 526 
search. 527 

 Distracting situations that may lead to failure to detect slowing or stopping 528 
vehicles ahead. Distracting situations could include:  529 

o Preoccupation with personal thoughts,  530 

o Attention directed to non-driving tasks within the vehicle,  531 

o Distraction from the road by an object on the roadside, or 532 

o Anticipation of downstream traffic signal. 533 
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Errors Leading to Turning Crashes 534 

Turning movements are often more demanding with respect to visual search, 535 
gap judgment, and path control than are through movements. Turning movements 536 
can lead to crashes at intersections or access points due to the following: 537 

 Perceptual limitations, 538 

 Visual blockage, 539 

 Permissive left-turn trap, and 540 

 Inadequate visual search. 541 

A description of these common errors that can lead to turning crashes at 542 
intersections is provided below.  543 

Perceptual Limitations 544 

Perceptual limitations in estimating closing vehicle speeds could lead to left-545 
turning drivers selecting an inappropriate gap in oncoming traffic. Drivers turning 546 
left during a permissive green light may not realize that an oncoming vehicle is 547 
moving at high speed.  548 

Visual Blockage 549 

A visual blockage may limit visibility of an oncoming vehicle when making a 550 
turn at an intersection. About 40 percent of intersection crashes involve a view 551 
blockage.(41) Windshield pillars inside the vehicle, utility poles, commercial signs, and 552 
parked vehicles may block a driver’s view of a pedestrian, bicyclist, or motorcycle on 553 
a conflicting path at a critical point during the brief glance that a driver may make in 554 
that direction. Visual blockages also occur where the offset of left-turn bays results in 555 
vehicles in the opposing left-turn lane blocking a left-turning driver’s view of an 556 
oncoming through vehicle.  557 

Permissive Left-turn Trap 558 

On a high-volume road, drivers turning left on a permissive green light may be 559 
forced to wait for a yellow light to make their turn, at which time they come into 560 
conflict with oncoming drivers who continue through into a red light.  561 

Inadequate Visual Search 562 

Drivers turning right may concentrate their visual search only on vehicles 563 
coming from the left and fail to detect a bicyclist or pedestrian crossing from the 564 
right.(1) This is especially likely if drivers do not stop before turning right on red, and 565 
as a result give themselves less time to search both to the left and right. 566 

Errors Leading to Angle Crashes 567 

Angle crashes can occur due to: 568 

 Delayed detection of an intersection (sign or signal) at which a stop is 569 
required;  570 

 Delayed detection of crossing traffic by a driver who deliberately violates the 571 
sign or signal; or  572 

 Inadequate search for crossing traffic or appropriate gaps.  573 
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Drivers may miss seeing a signal or stop sign because of inattention, or a 574 
combination of inattention and a lack of road message elements that would lead 575 
drivers to expect the need to stop. For example, visibility of the intersection 576 
pavement or the crossing traffic may be poor, or drivers may have had the right of 577 
way for some distance and the upcoming intersection does not look like a major road 578 
requiring a stop. In an urban area where signals are closely spaced, drivers may 579 
inadvertently attend to the signal beyond the signal they face. Drivers approaching at 580 
high speeds may become caught in the dilemma zone and continue through a red 581 
light.  582 

Errors Leading to Crashes with Vulnerable Road Users 583 

Pedestrian and bicycle crashes often result from inadequate search and lack of 584 
conspicuity. The inadequate search can be on the part of the driver, pedestrian, or 585 
bicyclist. In right-turning crashes, pedestrians and drivers have been found to be 586 
equally guilty of failure to search. In left-turning crashes, drivers are more frequently 587 
found at fault, likely because the left-turn task is more visually demanding than the 588 
right-turn task for the driver.(20)  589 

Examples of errors that may lead to pedestrian crashes include: 590 

 Pedestrians crossing at traffic signals rely on the signal giving them the right 591 
of way, and fail to search adequately for turning traffic.(35)  592 

 Pedestrians step into the path of a vehicle that is too close for the driver to 593 
have sufficient time to stop.  594 

When accounting for perception-response time, a driver needs over 100 feet to 595 
stop when traveling at 30 mile per hour. Pedestrians are at risk because of the time 596 
required for drivers to respond and because of the energy involved in collisions, even 597 
at low speeds. Relatively small changes in speed can have a large impact on the 598 
severity of a pedestrian crash. A pedestrian hit at 40 mph has an 85-percent chance of 599 
being killed; at 30 mph the risk is reduced to 45 percent; at 20 mph the risk is reduced 600 
to 5 percent.(27)  601 

Poor conspicuity, especially at night, greatly increases the risk of a pedestrian or 602 
bicyclist crash. Clothing is often dark, providing little contrast to the background. 603 
Although streetlighting helps drivers see pedestrians, streetlighting can create 604 
uneven patches of light and dark which makes pedestrians difficult to see at any 605 
distance.  606 

2.5.2. Interchanges 607 

At interchanges drivers can be traveling at high speeds, and at the same time can 608 
be faced with high demands in navigational, guidance, and control tasks. The 609 
number of crashes at interchanges as a result of driver error is influenced by the 610 
following elements of design:  611 

 Entrance ramp/merge length, 612 

 Distance between successive ramp terminals, 613 

 Decision sight distance and guide signing, and 614 

 Exit ramp design. 615 
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Entrance Ramp/Merge Length 616 

If drivers entering a freeway are unable to accelerate to the speed of the traffic 617 
stream (e.g., due to acceleration lane length, the grade of the ramp, driver error, or 618 
heavy truck volumes), entering drivers will merge with the mainline at too slow a 619 
speed and may risk accepting an inadequate gap. Alternatively the freeway is 620 
congested or if mainline vehicles are tailgating, it may be difficult for drivers to find 621 
an appropriate gap into which to merge.  622 

Distance Between Successive Ramp Terminals 623 

If the next exit ramp is close to the entrance ramp, entering (accelerating) drivers 624 
will come into conflict with exiting (decelerating) drivers along the weaving section 625 
and crashes may increase.(40,16) Given the visual search required by both entering and 626 
exiting drivers, and the need to look away from the traffic immediately ahead in 627 
order to check for gaps in the adjacent lane, sideswipe and rear-end crashes can occur 628 
in weaving sections. Drivers may fail to detect slowing vehicles ahead, or vehicles 629 
changing lanes in the opposing direction, in time to avoid contact.  630 

Decision Sight Distance and Guide Signing 631 

Increased risk of error occurs in exit locations because drivers try to read signs, 632 
change lanes, and decelerate comfortably and safely. Drivers may try to complete all 633 
three tasks simultaneously thereby increasing their willingness to accept smaller gaps 634 
while changing lanes or to decelerate at greater than normal rates.  635 

Exit Ramp Design 636 

If the exit ramp radius is small and requires the exiting vehicle to decelerate 637 
more than expected, the speed adaptation effect discussed in the previous section can 638 
lead to insufficient speed reductions. Also, a tight exit ramp radius or an unusually 639 
long vehicle queue extending from the ramp terminal can potentially surprise 640 
drivers, leading to run-off-road and rear-end crashes.  641 

2.5.3. Divided, Controlled-Access Mainline 642 

Compared to intersections and interchanges, the driving task on a divided, 643 
controlled-access mainline is relatively undemanding with respect to control, 644 
guidance, and navigational tasks. This assumes that the mainline has paved 645 
shoulders, wide clear zones, and is outside the influence area of interchanges.  646 

A description of each of these common errors and other factors that lead to 647 
crashes on divided, controlled-access mainline roadway sections is provided below.  648 

Driver Inattention and Sleepiness 649 

Low mental demand can lead to driver inattention and sleepiness, resulting in 650 
inadvertent (drift-over) lane departures. Sleepiness is strongly associated with time of 651 
day. It is particularly difficult for drivers to resist falling asleep in the early-morning 652 
hours (2 to 6 a.m.) and in the mid-afternoon. Sleepiness arises from the common 653 
practices of reduced sleep and working shifts. Sleepiness also results from alcohol 654 
and other drug use.(32) Shoulder-edge rumble strips are one example of a 655 
countermeasure that can be used to potentially reduce run-off-road crashes. They 656 
provide strong auditory and tactile feedback to drivers whose cars drift off the road 657 
because of inattention or impairment. 658 
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Slow-Moving or Stopped Vehicles Ahead 659 

Mainline crashes can also occur when drivers encounter slow-moving or stopped 660 
vehicles which, except in congested traffic, are in a freeway through lane. Drivers’ 661 
limitations in perceiving closing speed result in a short time to respond once the 662 
driver realizes the rapidity of the closure. Alternatively, drivers may be visually 663 
attending to the vehicle directly ahead of them and may not notice lane changes 664 
occurring beyond. If the lead driver is the first to encounter the stopped vehicle, 665 
realizes the situation just in time, and moves rapidly out of the lane, the stopped 666 
vehicle is uncovered at the last second, leaving the following driver with little time to 667 
respond. 668 

Animals in the Road 669 

Another common mainline crash type is with animals, particularly at night. Such 670 
crashes may occur because an animal enters the road immediately in front of the 671 
driver leaving little or no time for the driver to detect or avoid it. Low conspicuity of 672 
animals is also a problem. Given the similarity in coloring and reflectance between 673 
pedestrians and animals, the same driver limitations can be expected to apply to 674 
animals as to pedestrians in dark clothing. Based on data collected for pedestrian 675 
targets, the majority of drivers traveling at speeds much greater than 30 mph and 676 
with low-beam headlights would not be able to detect an animal in time to stop.(4) 677 

2.5.4. Undivided Roadways 678 

Undivided roadways vary greatly in design and therefore in driver workload 679 
and perceived risk. Some undivided roadways may have large-radius curves, mostly 680 
level grades, paved shoulders, and wide clear zones. On such roads, and in low levels 681 
of traffic, the driving task can be very undemanding, resulting in monotony and, in 682 
turn, possibly driver inattention and/or sleepiness. On the other hand, undivided 683 
roadways may be very challenging in design, with tight curves, steep grades, little or 684 
no shoulder, and no clear zone. In this case the driving task is considerably more 685 
demanding.  686 

Driver Inattention and Sleepiness 687 

As described previously for the controlled-access mainline, inadvertent lane 688 
departures can result when drivers are inattentive, impaired by alcohol or drugs, or 689 
sleepy. On an undivided highway, these problems lead to run-off-road and head-on 690 
crashes. Rumble strips are effective in alerting drivers about to leave the lane, and 691 
have been shown to be effective in reducing run-off-road and cross-centerline 692 
crashes, respectively.(7,9)  693 

Inadvertent Movement into Oncoming Lane 694 

The vast majority of head-on crashes occur due to inadvertent movement into the 695 
oncoming lane. Contrary to some expectations, only about 4 percent of head-on 696 
crashes are related to overtaking.(15) Centerline rumble strips are very effective in 697 
reducing such crashes as they alert inattentive and sleepy drivers. Although 698 
overtaking crashes are infrequent, they have a much higher risk of injury and fatality 699 
than other crashes. As discussed previously, drivers are very limited in their ability 700 
to perceive their closing speed to oncoming traffic. They tend to select gaps based 701 
more on distance than on speed, leading to inadequate gaps when the oncoming 702 
vehicle is traveling substantially faster than the speed limit. Passing lanes and four-703 
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lane passing sections greatly alleviate driver workload and the risk of error involved 704 
in passing.  705 

Driver Speed Choice 706 

On roads with demanding geometry, driver speed choice when entering curves 707 
may be inappropriate, leading to run-off-road crashes. Treatments which improve 708 
delineation are often applied under the assumption that run-off-road crashes occur 709 
because the driver did not have adequate information about the direction of the road 710 
path. However, studies have not supported this assumption.(29)  711 

Slow-Moving or Stopped Vehicles Ahead 712 

For the controlled-access mainline, rear-end and sideswipe crashes occur when 713 
drivers encounter unexpected slowing or stopped vehicles and realize too late their 714 
closing speed.  715 

Poor Visibility of Vulnerable Road Users or Animals 716 

Vulnerable road user and animal crashes may occur due to low contrast with the 717 
background and drivers’ inability to detect pedestrians, cyclists, or animals in time to 718 
stop. 719 

2.6. SUMMARY: HUMAN FACTORS AND THE HSM 720 

This chapter described the key factors of human behavior and ability that 721 
influence how drivers interact with the roadway. The core elements of the driving 722 
task were outlined and related to human ability so as to identify areas where humans 723 
may not always successfully complete the tasks. There is potential to reduce driver 724 
error and associated crashes by accounting for the following driver characteristics 725 
and limitations described in the chapter: 726 

 Attention and information processing: Drivers can only process a limited 727 
amount of information and often rely on past experience to manage the 728 
amount of new information they must process while driving. Drivers can 729 
process information best when it is presented: in accordance with 730 
expectations; sequentially to maintain a consistent level of demand; and, in a 731 
way that it helps drivers prioritize the most essential information. 732 

 Vision: Approximately 90 percent of the information used by a driver is 733 
obtained visually.(17) It is important that the information be presented in a 734 
way that considers the variability of driver visual capability such that users 735 
can see, comprehend, and respond to it appropriately.  736 

 Perception-reaction time: The amount of time and distance needed by one 737 
driver to respond to a stimulus (e.g., hazard in road, traffic control device, or 738 
guide sign) depends on human elements, including information processing, 739 
driver alertness, driver expectations, and vision.  740 

 Speed choice: Drivers use perceptual and road message cues to determine a 741 
speed they perceive to be safe. Information taken in through peripheral 742 
vision may lead drivers to speed up or slow down depending on the 743 
distance from the vehicle to the roadside objects.(38) Drivers may also drive 744 
faster than they realize after adapting to highway speeds and subsequently 745 
entering a lower-level facility.(37) 746 
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A combination of engineering and human factors knowledge can be applied 747 
through the positive guidance approach to road design. The positive guidance 748 
approach is based on the central principle that road design that corresponds with 749 
driver limitations and expectations increases the likelihood of drivers responding to 750 
situations and information correctly and quickly. When drivers are not provided or 751 
do not accept information in a timely fashion, when they are overloaded with 752 
information, or when their expectations are not met, slowed responses and errors 753 
may occur. 754 

Human factors knowledge can be applied to all projects regardless of the project 755 
focus. Parts B, C, and D of the HSM provide specific guidance on the roadway safety 756 
management process, estimating safety effects of design alternatives, and predicting 757 
safety on different facilities. Applying human factors considerations to these 758 
activities can improve decision making and design considerations in analyzing and 759 
developing safer roads. 760 
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