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1. INTRODUCTION AND SUMMARY 

1 • 1 Purpose  of the Project 

The purpose of the project  was (a) to identify interactions of the 

vehicle, driver , and the road environment which tend to reduce  driver alert­

nes s ;  (b) to objectively measure the se dec rements in alertnes s ;  and ,  ( c) to 

delineate a program of res earch aimed at the development of countermeasures 

to reduce decrements in alertne s s. 

1 . 2  Phase  I 

Phase I consisted of a review of the literature .  In general it r evealed 

most  of the work touching on driver alertne s s  has been concerned with basic 

input and output factor s such as studies of decision making and vigilance.  The 

review points out the need for more effort to be put into "real world" studies 

of driving as  oppo sed to laboratory studies of factors hypothesized to be 

critical to driving. The review pointed out a number of areas which s hould 

receive more emphasis.  

Research is  necessary into the nature and cause of variations in the 

driver's ability to proces s  information with particular emphasis on the role 

of pr eattentive process ing and s elective attention. The review also identified 

a lack of research of research into the effect of motivation on driving perform­

ance. The Lite rature Review appears as Appendix A of this report. 

1 .  3 Phase II 

The Experimental portion of the study was concerned with the effects 
of task complexity, acoustic nois e  level, and duration of trip on measures of 
alertne s s . In the interests of economy, precision, and safety, the study was 
conducted using the CAL driving simulator. 

The results of the study were as follows: 

1 .  The driver's ability to maintain his vehicle on the road under 

nonalerting conditions decreases  linearly with time over 
four hour s. 
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2 .  The rate of steering wheel corrections made by the driver 

decreases  linearly with time over four hours . 

3 .  O n  a per s ubject basis.  there is a significant negative correla ­

tion between position error and steering wheel correction 

frequency. This may be taken to indicate that either the sub­

j ect perceptually samples his road position le s s  frequently 

after driving a number of hours or he processes and reacts 

to his road position les s  frequently over long duration driving. 

4. Measurements of position accuracy during a s imulated 

emergency indicate that the driver is les s likely to be able 

to control his vehicle accurately during an emergency after 

four hours of driving than after one hour of driving and that 

this decrea se  in control during the emer gency is most s evere 

when the driver has been expos ed to a high level of acoustic 

nois e. 

5. Analysis of occipital EEG recordings reveal an increase in 

the occurrence of alpha bursts for all subjects . 

1. 4 Phase  III 

Implications of the res earch were discus s ed. Included were consider­

ations of modification to the road markings or road s urface to reduce road 

position error and the analysis  control inputs to measure decreased alert­

nes s .  The need for on- road validation of the study was discus sed and a 

research plan for s uch validation outlined. 

2 
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2 .  EXPERIMENTAL STUDY 

2. I Experimental Rationale 

The re search effort de sc ribed below was aimed at the study of change s 

in driver alertne s s  during long duration, low event driving. The phenomena 

measured fell into two basic clas se s :  measure s of changes  in skills or ability 

thought to be  basic to safe driving and measure s of change s  in physiological 

parameters which have been hypothe sized to be correlated with decreased 

alertne s s. 

2.1 .1 Independent Variable s 

It was hypothe sized that acoustic noise,  task complexity and 

task duration were the independent variables that would affect the onset of 

decreases  in alertne s s. These variable s  are discus sed in turn below: 

I) The level of acoustic noise 

Acoustic noise may be considered a stre ssor in the driving 

condition. As indicated in the literature review above , extremely high noise 

levels lead to increased fatigue. However, it was necessary for the purpose s 

of this study to determine if noise levels of the magnitude of those commonly 

encountered in on-road driving would lead to variations in alertne s s. 

the effec t of extremely low noise levels on alertne s s  was of intere st. 

Further, 

In 

particular it was necessary to determine whether very low noise levels would 

tend to enhance alertnes s  or degrade it in long-duration, low event driving. 

To this end measurements were made in existing vehicle s 

repre senting low, moderate and high acoustic noise environments . From 

the measured noise levels  of the se  vehicle s ,  noise contours were simulated 

and used to repre sent the three levels of an independent variable repre senting 

acoustic noise .  With regard to the effect of noise,  it was hypothe sized that 

both high and low noise levels would have a detrimental effect on alertne s s: 

a high noise environment increasing the rapidity of the development of fatigue , 

3 



a low noise environment lulling or soothing the driver  into reduced 
alertne s s .  

2 )  Task c omplexity 

Task complexity was also of interest .  While it was generally 

found in our l ite rature review that drastic reductions in information input to 

an operator re sult in dec reased alertnes s ,  the effects of dec reasing output 

demands on the operator are not clear . To apply thi s  to the on-road situation, 

the que stion i s  asked: doe s simplifying the driver's task by providing for 

automatic control of vehicle speed reduce the driver ' s alertne s s? In order to 

ascertain this, two levels of task complexity were examined: a low task 

complexity s ituation in which the speed was automatically controlled and 

could be overriden in emergencies ,  and a moderate task complexity s ituation 

in which the drive r  had to control speed throughout the simulated trip . It was 

hypothes ized that a low task complexity s ituation would result in decreased 

ale rtne s s .  

3 )  Duration 

The effect of duration of drive i s  of great importance. While 

it is to be expected that the probability of degradations in alertne s s  inc rease 

with time, it is the magnitude of thi s decrea se and the relative rate at which 

thi s  degradation increases which are of interest .  Doe s degradation in ale rt­

nes s begin immediately or does  it require hour s to manife st itself? Do 

degradations quickly reach an asymptote or do a serie s of plateaus occur 

repre senting diffe rent components of a complex proc e s s? In short, it was 

hypothesized that the re would be inc reased degradation of alertne s s  along 

time and that the shape of the curve or curve s representing such dec rease s 

in alertnes s  and the magnitude of error decreases  would be correlated with 

noise level and! or task complexity. 

2. 1 . 2 Dependent Variable s  

One may consider performance in a driving task to b e  

dependent on a number  of basic abilitie s  or skills manife sted b y  the driver. 

4 
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Among these  skill s are: 

I) The ability of the driver to perceive simple stimuli 

critical to driving. Such stimuli may inc lude other 

vehicle s. s igns ,  warning devic e s ,  and feature s of the 

roadway. 

2 )  The ability of the driver to control hi s vehicle. This 

ability pre supposes  a skill level sufficient to provide 

for accurate maintenance of lane pos ition, relative 

speed, acceleration, and deceleration rate s. 

3 )  The ability of the driver to adapt and re spond to 

emergency conditions. Critical are response s to 

changes  in vehic le handling due to a b lowout or brake 

fade. or abrupt change s in road conditions due to ice 

or mud . 

4 )  The ability of the driver to re spond appropriately to 

complex information. Here the ability of the driver to 

obey relative ly complex instructions or make deci sions 

based on a number of simultaneous events is important 

to his ability to drive safely. 

While it i s  likely that any of the se abilities  or skill s might 

show some degradation during long duration driving , it may be hypothe sized 

that the driver' s  ability to perceive simple stimuli, precisely control his 

vehicle. and re spond to emergencie s would be of greatest importance in 

s ituations where los s  of alertnes s  re sulted from boredom or a low event 

environment. Degradation of the ability of a driver to re spond appropriately 

to complex situations would most likely re sult from the information over­

loading in a high traffic density, high event environment. Because the 

research effort was to apply to low event driving , change s in the fourth type 

of skill were not inve stigated in this proj ect. 

5 



In view of the above , the following dependent variable s were 

selected for evaluation: 

1 ) The driver' s ability to precisely control his vehicle 

during low event driving: This was measured by 

recording the integrated absolute road position error 

(using the center of the lane a s  zero error) from 

the center of the lane during normal driving over the 

course of the experiment. 

2)  The driver's ability to control his vehic le during an 

emergency. This was measured by recording the 

integrated road position error during a simulated 

blowout. 

3 )  The number of control inputs per unit time which the 

driver made . This was measured by recording the 

number of 20 steering wheel reversals made by the 

driver. 

4) The accuracy of control of simulated veloc ity by the 

driver. This was measured by recording the integrated 

absolute velocity deviations from a speed the driver 

was required to hold. 

5) The latency of the driver' s re sponse to a stimulus of 

increasing amplitude (ramp s timulus ) . Here the driver 

was asked to make a re sponse to a light repre senting 

the headlights of a distant but oncoming vehicle . 

6 )  The occurrence of alpha bursts ( 8 - 1 2  Hz 50 smooth 

wave s )  in occipital EEG. The alpha bursts in cortical 

EEG records are thought to reflect a drop in alertne s s  

or lapse o f  attention. An alpha block ( the absence of 

alpha) is thought to reflect an alert state, 
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7) Decreased occurrence of saccadic eye movements . 
This dec rease may be hypothesized to be c orrelated 

with dec reased alertne s s .  

8 )  Mea surement of changes  in  GSR (galvanic skin re sponse )  

during emergency situations. As such, it was 

hypothe sized that changes  in measured GSR during 

eme rgencie s might occur due to decreased ale rtne s s. 

9 )  Measurement of changes  in  an EMG signal taken from 

the muscle s supporting the head. It was hypothe sized 

that EMG variation would oc cur to the extent that 

physiological fatigue accompanied dec reased ale rtne s s  

and that the muscle s  most likely to exhibit such fatigue 

are those which maintain the neck in an erect position. 

Use of CAL Simulator 

In orde r to achieve the greate st economy and maximize 

experimental prec i sion, it was decided to conduct all te sts using the CAL 

driving s imulator .  Use of the simulator provided for complete control of 

traffic , roadway, and meteorological variab le s  which might have reduced 

the precision of an on-road experiment. Such conditions might include 

variations in traffic density, road surface s ,  ambient light and/ or weather. 

The s imulator provided for greater economy in that it did not require rotating 

or full-time observers  or experimente rs  to accompany the driver during the 

experiment. 

Because the simulator as  well as  the data recording device s  were 

automated, it was pos sible for the ob server to both monitor the experiment 

and work at othe r tasks such as the reduction of data previously gathered. 

Use of the s imulator virtually eliminated pos sible safety hazards . Complete 

los s of control of the simulator by the subject resulted in an override shut­

off by the computer and a manual re set by the operator. Such a loss of 

control on the road would have been di sas trous . Finally it was pos sible to 
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control the independent variable s in the experiment (noise level. task 

complexity and duration of drive ) more economically and precisely than 

would have been pos s ible in an on-road te sting s ituation. Figure 1 depicts a 

subj ect in the s imulator ready for te sting. 

2 . 2 Methods 

2 . 2 . 1 Subjects 

Paid subjects were obtained from the following sources :  the 

staff of CAL. the student body at The State Univers ity College at Buffalo. and 

the student body of The State Univers ity of New York at Buffalo. A total of 

69  subj ects we re used in the various stages  of the experiment . Of these 

subjects 1 1  were used in pretesting .  adjusting. and modifying the simulator. 

The data from 1 0  other subjects were not complete and/ or usable .  due to 

equipment malfunction or due to subj ect disc omfort or lack of the ir cooperation. 

Subj ects were tested in the experiment until a total of 48 data runs .  which 

were complete and relatively free from artifact. were available. 

All subjects were male. The age of the subjects ranged from 20  

years  through 57  years  old. All subjects had more than two years  and 

24, 000  mile s of driving experience and a currently valid driver's license. 

All subjects had normal uncorrected vision. 

2 . 2 . 2 Apparatus 

Subj ects were te sted using the CAL driving s imulator. This 

i s  a computer based s imulator which i s  capable of being driven by a subject  and 

provide s an auditory, visual, and motion environment s imilar to that encountered 
in "on-road" driving situations .  The s imulator consists of the following: 

1 .  An hydraulically actuated ba se capable of ! 40 degree s 

in yaw (rotation about the Z-axis  and ± 1 0  degree s  in roll ( rotation about the 

X-axis ) .  The response of the base in both degree s of freedom is of 2 Hz 

bandwidth. 

8 
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2 .  A drive r c ontrol station mounted on the base. The 

station include s an adjustable seat, a dashboard with a speedometer and a 

button for s ignaling the experimenter ,  a steering wheel,  an accelerator pedal, 

and a b rake pedal. The control dynamic s are pas sive in te rms of feedback 

and approximate power steering. power b rakes ,  and an ordinary accele rator. 

3. A visual  display system composed of a four-channel 

Tektronix oscilloscope , a Schmidt proj ector , a rear proj ection sc reen, and 

a Fre snel collimating lens. The cathode ray tube (CRT) has been removed 

from the oscillisc ope and mounted on the Schmidt proj ector. The projector 

has suffic ient b rightnes s  to produce a clearly visible image in a darkened 

room. The rear proj ection s creen i s  curved so that the image remains the 

same distance from the subject as the platform move s in yaw, and so that 

the image will stay more nearly in the curved surface of focus of the projector. 

The Fresnel lens i s  used to inc rease the apparent distance to the highway. 

The system provide s a field of view of :!: 2 5° horizontally and:!: 20· ve rtically. 

The signals which repre sent the highway are generated on the compute r 

and modified to show correct per spective from the position and attitude of the 

vehicle . The highway is repre sented by three separate line s corresponding to 

the center and s ide line s and a filler or lighte r area a s  the road surfac e. A 

variable graduated neutral density filte r i s  used over the projection lens .  

This filte r causes the image to  be  dimmest at the point where the road appears 

to converge , effectively enhancing the illusion of depth . 

For the purpose of the pre sent study, a second o scilloscope and lens 

are used to proj ect various events to which the subject re sponds . The 

subject was provided with a light near the convergence point which appeared 

and b rightened over a ten second interval. The effect of this was a light 

source which appeared to be approaching the drive r. A s econd event was 

depicted by a diamond which appeared and both b rightened and grew in size 

until it filled the road. The diamond shape appeared to be an ob stac le which 

was moving at a slower rate than the driver .  

10 
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4 .  An EAI model TR-48 analog compute r .  This computer 

performs three basic tasks. First, it accepts the driver's input signals and 

externally produced disturbance s ignals and produce s  output s ignals repre ­

senting the motion of the vehicle that i s  be ing repre sented by a vehic le 

dynamic s  model. Second, the position se rvo loops for the motion platform 

are clo sed on the computer .  That i s ,  the compensating dynamic s to make 

the closed loop servo suffic iently stable and fast are programmed on the 

computer .  Third, the roadway signals for the proj ection system are generated 

on the compute r. The motion platform se rvos and the di splay generator use 

the vehicle motion signals a s  inputs . The equations of motion programmed 

on the computer may be easily modified to represent changes  in the vehicle 

parameters  such as the steering ratio or roll axis position. Speed change s 

due to the use of the brake or accelerator are repre sented by  changing the 

apparent speed of the road image, by changing the equations of motion, and 

by changing the reading on the speedomete r. 

The s imulated speed may be controlled in e ithe r  of two ways: I) in 

the normal control mode, the driver can control the speed using hi s accel­

erator and brake ;  and 2)  in the automatic mode, the compute r controls the 

speed .  The driver can disengage the automatic control by applying the brake. 

Release of the brake re -engages  the speed c ontroller .  In both mode s, the 

simulator is  capable of speeds ranging between fourteen and seventy mile s 

per hour . 

5. Acoustic Display. Measurements of noise contours 

in selected vehicles was performed using a Hewlett-Packard octave band 

noise analyzer ( Model 1 558 BP). Figure 2 shows the se contours .  Acoustic 

noise contours similar to those measured in on- road operation were provide<;l 

through filte ring of the signal from Grason-Stadler white noise generator 

(Model 9 01 B ). The resulting filter output was amplified using a Dynaco 

preamplifier and Dynaco and MacIntosh amplifie r s .  The signal was 

reproduced using two AR-4 and one KLH-6 speaker systems . Figure 3 shows 

the sound contour s used for the three noise levels .  

1 1  
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6. External Events. The EAI computer in conjuction 

with a Hewlett-Packard sequence noise generator (Model 3722A) provided 

external perturbations which were used to simulate external wind gusts and 

road irregularitie s.  The disturbance s  were of low amplitude. They are 

provided in order to ensure that the driver make s periodic corrections in 

order to remain on the road ( on the average at 5 5  mile s per hour the vehicle 
would leave the road, if no corrections were made in 20 seconds). As the 

noise signals are derived from binary sequence ,  all subjects received the 

same perturbations at the same point in the experiment. The computer in 

conjunction with a Hewlett-Packard function generator provided a simulated 

blow-out. Using a d. c .  off set in yaw and roll plus a O. 5 Hz oscillation in roll 

and a 0. 5 Hz acoustic signal on the background acoustic noise, an event 

re sembling a blow-out was achieved. 

7 .  System Programming. All events during the four 

hours of the experiment were controlled sequentially and timed using a 

Grason-Stadler behavioral program system. The experiment was programmed 

on a 3 7 5  contact sequential stepper and controlled through e lectromechanical 

relays. 

8. Recording Equipment. A brush eight-channel polygraph 

(Mark 200) was used to record the following variab le s :  1 )  GSR; 2 )  EEG; 

3 )EMG; 4 )  /EMG/ ; 5) vertical eye -movement; 6 )  horizon tal eye movements ;  

7 )  steering wheel position; and, 8 )  programmed events. 

A Hewlett-Packard physiological amplifying system was used to 

obtain signals for GSR, EEG, EMG, and integrated ab solute EMG. Signals 

for horizontal and vertical eye-movements were obtained by  using a Space 

Sciences  Inc . Eye -Movement Monitor (SGH-V-2 ) .  Signals for the steering 

wheel  motion and programmed events were obtained from the EAI TR-48 

analog computer. The Brush recorder was programmed to record 2 5  one ­

minute sample s during the experiment as well as  during the practice and 

post-te st period. The inter-sample interval averaged ten minute s. 
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A CAL-developed s ix-channel FM tape recorder was used to record 

the following signals :  l )  simulated road position; 2 )  steering wheel  position; 

3 )  accelerator position; 4) simulated velocity; 5 )  programmed events ;  and, 

6 )  a null signal used in playback. All of the se signals were obtained from 

the EAI TR-48 computer. The FM tape recorder was programmed to record 

the same 25  one -minute selected samples as  the Brush recorder, as well a s  

the practice and post-te st periods .  

A Grason-Stadler three -channel printing counter ( Mode l E4500A- l )  

was used to record the following: I) integrated absolute road position error; 

2 )  ab solute velocity error; and 3 )  two degree steering wheel  reversals . 

Integrated ab solute road position error and absolute velocity error were 

obtained from the EAI TR-48 analog computer. Two degree  steering wheel 
reversals were obtained directly from a CAL fabricated steering wheel sensor. 

The printer provided an on- line, real- time continuous record of the data as it 

printed score s for each of the 240 minute s of the experiment, as  well as the 

practice and pos t-te st periods. 

A Sanborn two-channel graphic recorder was used to record the 

following : 1) 12· steering wheel reversal s ;  and 2 )  integrated absolute road 

position error (a backup measure). The 12 0 steering wheel reversals were 

obtained from a C AL-fabricated sensor. The integrated abs olute road position 

error was obtained from the EAI TR-48 computer. Due to programming error 

data representing 120 steering wheel reversals was unanalyzable. 

A Hewlett -Packard Electronic Counter ( 524C) and Digital Recorder 

( 560A) were used to time and print-out the s ubject's re sponse latency to the 

brightening light . 

All programming and recording equipment which were likely to provide 

acoustic cues  to the subject were kept in an Industrial Acoustic Sound 

Isolation chamber (Model 1204A). 
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2.2. 3 Exper imental De s ign 

The effect of two independent var iables on the subject's 

performance over  t ime was examined u s ing a three-factor de s ign (two levels 

of task complexity  x three levels of acoustic noise x t ime and with repeated 

measures over t ime ) .  As data from forty-e ight subjects were used, each of 

the six treatment group s contained e ight subjects .  The following dependent 

var iables were measured: integrated road pos it ion error , integrated absolute 

velocity error , number of two and twelve degree steer ing wheel reve rsals 

(the se were measured continuously and means computed for each half-hour); 

EEG, EMG, GSR, horizontal and vertical e ye movements , road pos it ion, 

velocity, steering wheel pos it ion, and accelerator pos it ion (these var iables  

were sampled twenty-five times dur ing the exper iment) ; response latencie s 

to a ramp st imulus (recorded 17 t imes ) .  

2.2. 4 Procedure 

Upon arrival at the experimental s tation, subjects were 

b riefed on the experiment. They wer e told that the experiment was des igned 

to evaluate the efforts of long distance driving. They were then given consent 

forms to read and sign. A sample form is found in Appendix A. 

Next, electrodes for EEG and EMG recording were applied using 

surface electrode s of the "bandaid" type.  The skin surface was prepared by 

washing with alcohol and rubbing with "Redux" electrode paste.  Electrode s 

were then te sted for impedance . In general, a d. c. impedance of le s s  than 

6000 ohms was achieved resulting in signals of relatively high quality. A 

single bipolar EEG placement was used for all subjects. The placement was 

the bipolar parietal-occipital placement (P 3 - 01 according to the "1 0-20" 

system) with the left ear lobe (AI according to the "10-20" system) a s  a 

reference. 

EMG placement was the standard neck placement as recommended in 

Davis (1959 ) .  This is a bipolar placement from the semispinalis-capitis 

muscle to the splenius capitis muscle. The refe rence here was again the 

left ear lobe (AI "10-20" system). 
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The GSR measurement utilized a pair of e lec trode s on the surface of 

the left palm. Electrode s here were Ag - Agel "cup type s ". The electode s 

were packed with cotton which had been moistened by a physiological saline 

solution. 

It was sugge sted that a s  the subj ect was to spend several uninter­

rupted hours in the simulator, it would be wise for him to relieve himself 

and/ or get a drink before the experiment began. After the subj ec t returned, 

he was seated in the simulator and the seat was adjusted. All sensors and 

electrode s were then adjusted and/ or corrected and gains and filters adjusted. 

The EEG signal was adjusted so that 50}'" gave a 1 cm pen deflection. 

As the purpose of the EEG recording was only to detect the occurrence of 

the alpha rhythm. a 1. 5 Hz to 20 Hz bandpas s filter was used. 

The EMG signal was adjusted so  that 100 JI.'" gave a I cm deflection. 

Here only a 1. 5 Hz high pas s filter was used. The GSR recording utilized 

no filtering. The gain was adjusted so that a I cm pen deflection was 

equivalent to 25 ohms change in skin re sistance . 

The subj ect was next fitted with the eye-movement sensors which are 

part of the eye-movement monitor. Subj ects were then  given instructions 

as to their role in the experiment . The instructions for the subjects in the 

moderate ta sk complexity group differed slightly from those of the low task 

complexity group. 

The moderate task complexity group was told the following: 

"On the screen you will see  a two- lane road. The road will be defined 

by three line s representing the right border, the center of the road. and the 

left border. Your job will be to drive on the right lane. We would like you 

to drive as smoothly as  possible in this lane . " 

17 



"You have control of your speed through the use of your accelerator 

and brake pedal. Your speed will be indicated on the speedomete r.  The 

simulator has a speed range from 1 4  to 70 mile s pe r hour. We would like 

you to operate it at between 50 and 60 mile s  and to try and keep as close to 
• 

55 miles pe r hour as you can. " 

"At times you may feel that you are going up a hill, you will notice a 

speed drop in the road and on your speedometer .  When you sense a hill, 

adjust your accele rator to maintain your speed at 55. You may see a blue 

brightening light at the point where the road converge s .  This will repre sent 

an approaching drive r ' s  high beams.  As s oon as  you see thi s light. pre s s  

the switch t o  the left of the brake. The switch i s  similar i n  placement and 

function to a dimmer switch. When you pre s s  it, it will click. Just as in 

a real vehicle, the switch will not turn off the approaching vehicle's lights . 

You will be timed on this re sponse, so make it as rapidly a s  pos sible ."  

" You may see  a diamond shape approach you in  the road. It will 

begin as a small dot and grow to fill your lane. This shape will represent 

a s low moving truck. If the shape appear s,  attempt to avoid it by changing 

into the left lane. When the diamond disappear s .  you should re-ente r the 

right lane . " 

"You may experience what feels like a "blow-out" .  Here the simulator 

will begin to roll, vib rate, and pull to the side of the road. If thi s should 

occur,  s tay in the right lane and try to maintain control of the vehicle . Slow 

the vehicle down and remain in your lane until the "blow-out" i s  over .  " 

"There is  a red button below the speedometer. PUSH IT! As you can 

hear, the button operate s a gong . If something should go wrong with the 

s imulator or if you feel s ick, you can use thi s  button to signal the ob server. 

Do you have any questions?" 

"You can now practice for a few minute s before the experiment 

starts . " 
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In the low task complexity condition, the instructions were the same 

with the following exception; instead of being told they could control their 

speed the operator said: "Your speed will be controlled by the computer. It 

will remain at a speed between 50 and 60 miles per hour (approximately 55  

miles per hour). While you will not be  able to exceed the pre set speed, 

application of your brake will dis engage the speed controller and allow you 

to s low the s imulator to its minimum speed of 15 miles per hour. Release  

of the pedal will re -engage the speed controller and return you to the preset 

speed . " After the instructions were given, the subject was then given about 

four minutes of practice. During the practice period , the subject experienced 

the brightening light. At this time ,  the experimenter was able to as certain 

if he was responding correctly and also correct him if he did not. 

After the practic e period was finished, the subjects were asked if 

they had encountered any problems.  If they indicated that they had no prob ­

lems or questions, the experiment proceeded. 

The experiment proceeded for 240 minute s .  During this period, the 

driver experienced 17 brightening lights , three obstacles , three hills , and 

one s imulated blow-out. Table I details the events and the times at which 

these  events occurred. 

After the 240 minutes , the s imulator was turned off. The subj ect's 

electrodes and sensors removed,  and the s ubject allowed to walk around , 

relieve himself and/ or get a drink of water. After the subject had been out 

of the s imulator for four minutes he was requested to drive it for about two 

more minutes to allow for postte st mea sures.  During this posttest ,  no 

measure s of EEG , GSR, EMG, or eye-movement were recorded. 

Not all subjects were able to last for the entire 240 minute s .  In ca ses  

where the subject indicated that he  felt ill , the experiment was terminated 

and the s ubject debriefed and paid. In ca ses  where the s ubject indicated that 

he was bored, he was told that this was not uncommon and encouraged to 

continue .  If he still was reluctant after encouragement ,  the subj ect was 

relea s ed ,  debriefed, and not paid. 
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events :  

During the experiment .  the subj ect encountered the following kinds of 

1. Ramp stimulus .  This  was a brightening light which 

appeared at the convergence point of the road. The 

s ubject was expected to re spond to it much as he would 

to the high beams of a car approaching on the highway. 

The subject encountered this once during practice ,  17 

times during the experiment .  and once during the posttest. 

2 .  Avoidance emergency. Here the subj ect was asked to 

avoid an object which appeared to be approaching him . 

. This occurred three  times during the experiment. 

3. Hills. These were only encountered by subjects in the 

moderate task complexity condition. Hills were indicated 

by a slowing of the projected display and change in the 

speedometer .  Subj ects were expected to correct speed 

changes .  due to the hill . through use of their accelerator. 

The simulated hill occurred four times during the experi­

ment .  

4 .  B low-out. Here the subject encountered an abrupt change 

in the motion parameter s of the s imulator s imilar to a 

blow-out. The s ubject was expected to maintain control 

of the vehicle during the blow-out. This  occurred once 

during the experiment. 

Table 1 repres ents the scheduled occurrence for each of these  events.  

It should be noted that there are four orders of occurrence .  These  orders 

provided counterbalancing of the emergency condition. Using such counter ­

balancing , 12 of the 48 s ubjects encountered the emergency condition during 

hour one (minute 1 8) ,  12 during hour two (minute 79) , 12  during hour three 

(minute 1 59). and 12  during hour four (minute 228) . 
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TABLE 1 
SCHEDU LE FOR SAMPLING PERIODS AND PROGRAMMED EVENTS 

Time in Minutes 

2 10 18 28 40 50 59 69 79 89 100 108 119 128 139 150 159 170 178 188 199 208 220 228 240 
Road Position, 
Velocity, 

All Accelerator 
Orders Position, EEG, Ix x x x x x x x x x 

EMG, GSR, 
Eye Movements 

Ramp Stimulus Ix 

Order 1 Avoidance 

Blowout 

Order 2 Avoidance 

Blowout 

Orde r 3 A voidance 

Blowout 

Order 4 Avoidance 

Blowout 

x 

x 

x 

x 

x x x x 

x 

x 

x 

x 

x x 

x x 

x 

x 

x x 

x 

x x 

x 

x 

x 

x 

x 

x x x 

x x x 

x x x x x 

x x x x 

x 

x 

x 
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2 . 2 . 5 Recapitulation of Experimental Method 

Three independent variables were used :  task complexity, 

acoustic noise  level ,  and time. 

Two levels of task complexity were used. In the low task 

complexity situation, the s imulator speed was mainta ined by the computer. 

In the moderate task complexity situation, the driver was required to control 
the speed. 

Three levels of acoustic nois e  were us ed. The noise  levels 

represent nois e  frequency contours obtained through the measurement of 

actual vehicle s.  Figure 2 depicts the noise contours encountered in three 

representative vehicles . From examination of contours , artificial contours 

were derived to represent low noise vehicle , moderate noise vehicle , and 

a high nois e  vehicle. Figure 3 repres ents the actual noise contours presented 

to the subjects in the experiment. 

B y  considering the s ix treatment conditions and the four 

orders of emergency pres entation, 24 treatment-order combinations are 

poss ible . The sequence in which the treatment-order combinations were 

tes ted was obtained by randomly a s signing treatment-order to test dates.  

A random permutation of the 24 test dates was applied to the treatment-order 

combination. The randomized order was repeated twice  in order to provide 

a sequence of all 48 subjects. Table 2 shows the treatment-order combina ­

tions and the s equence in which they were tes ted. 
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TABLE 2 

EXPERIMENT AL TREATMENT COMB INA TIONS AND SEQUENCES � 

Task ComElexit� Noise  Order Sequence 
""-

Order 1a  2, 32 

Order 2a 14 , 40 
High Order 3a 4 ,  28 

Order 4a 3 ,  27 

Moderate Order 1 a  1 ,  35 

Order 2a 2 1 ,  46  
Moderate Order 3a 26 , 30 

Order 4a 18 ,  43 

Order 1a  24 , 34 

Order 2a 1 5, 41 
Low Order 3a 20 , 45  

• 
Order 4a 7 ,  3 1  

Order 1b  1 9 ,  44 

Order 2b 23 , 48 
High Order 3b 9 ,  36  

Order 4b 8 ,  33 

Low Order 1b  37, 10 

Order 2b 29, 5 
Moderate Order 3b 1 1 ,  6 

Order 4b 42, 1 7  

Orber 1 b 3 9 ,  13 

Order 2b 22 , 47 
Low Order 3b 1 6 , 25 

� 
Order 4b 12 ,  38 
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3. RESULTS 

3. 1 Analys is of Re sults 

The data to be analyzed , with one exception , repres ent repeated 

measure s on subjects over time. An analys is of difference s between the 

curve s representing the performance s of subjects within treatment groups 

was performed. In s uch te st s ,  if the data are parametric , coeffic ients of 

orthogonal polynomials repre sent ing various order polynomials (linear, 

quadratic , and cubic) and fitted to the data for each subject. 

A coefficient represent ing the degree  to which each subject' s data fit 

the trend under te st is computed. An analys is of variance on the coeffic ient 

repre sent ing the fit of each subject '  s score to the polynomial under que st ion 

is then performed for each trend analys is .  As  the study under discuss ion 

was intended to measure the effects of two levels of task complexity and the 

levels of acoustic noise  on various measures of alertne s s  over time , the 

summary tables include the following entrie s :  

------------., , " 

Within Subject -- variation attributable to a subject. 

T ime - - variation attributable to the effects of t ime at the task 

Time x Task -- variation due to difference s  in performance over t ime 

between groups rece iving different levels of task complexity. 

T ime x Noise -- variation due to difference in performance over time 

between groups rece iving different levels of noise. 

T ime x Task x Noise - - variations attributable to differences  between 

groups differing in both task complexity and level of noise .  

T ime x Subje ct Within Groups - - variation attributable to within group 

difference s over t ime (re s idual variance ) .  
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It was hypothe sized that the decrease s  in alertne s s  accompanying long­

duration driving could be manifested in various ways .  

The ability of the driver to accurately maintain his vehicle within 

his lane could be expected to deteriorate as  alertnes s  decreases .  To measure 

this , the extent to which the vehicle deviated from the center of the lane , 

integrated absolute road pos ition error was recorded. An analys is of the 

recordings revealed that road pos ition error increased in a linear fashion 

during the four hours of the experiment. An analysis of variance of the data 

revealed that the probability of the linear trend be ing due to chance was les s  

than 0.01. Table 3 is an analys is of variance summary table repre senting 

thrs data. 

TABLE 3 

ANOV SUMMARY TABLE FOR LINEAR TRENDS IN INTEGRA TED 
ABSOLUTE ROAD POSITION ERROR 

Source 

Within Subjects 

Time 

Time x Task 

Time x Nois e 

Noise x Time x Task 

Time x Subject Within Group 

Sum 
of 

Square s 

3240.11 

436.80 

11. 03 

197.01 

165.31 

2429.96 

** p <.01i Fcrit . (.01)(1 , 40)=7.31 

Degrees 
of 

Freedom 

48 

1 

1 

2 

2 

42 

Mean 
Square 

436.80 

11. 02 

98.50 

82.65 

57.85 

F Ratio 

7.58** 

0.20 

1. 70 

1. 43 

Tests for higher trends . quadratic and cubic . yielded no significant differences .  

A s  there were no  difference s  between groups due to  the effe ct of task�=-__ -., 

complexity or noise over time , the data for all s ix treatment groups were 
pooled. Figure 4 repre sents the change in integrated absolute road position 
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error over time . Integrated absolute road pos it ion error score s were also 

obta ined during a one -minute post test. The mean s core for the post te st was 

4.23  with a standard deviation of 1.87. A comparis on of th is  score with road 

pos it ion error scores obta ined during the four hour driving period indicate s 

that performance in the post te st was s imilar to performance obta ined in the 

second half hour of driving. 

It was hypothes ized that changes in the rate of steering wheel  move ­

ments or corrections would occur with decreased alertne s s .  Analys is of 

f ine steering wheel correct ions made (two degree steering wheel reversCl l s )  

indicated that there was an overall l inear decrease in the number of f ine 

steering wheel correct ions made by the dri ver over the four hours of the 

experiment. The probabil ity that th is l inear decrease in correction was due 

to chance was le s s  than . 0 1 .  Table 4 i s  an analys is of variance summary 

table for the l inear trends in the steering wheel  data. 

TABLE 4 

ANOV SUMMARY TABLE FOR LINEAR TRENDS 
IN 2 0  STEERING WHEEL REVERSALS 

Sum 
of 

Source of Variance Square s 

W ith in Subjects 1880.51 

T ime 603.25 

T ime x Task Complexity 12.35 

T ime x Noise 19.73 

T ime x Noise x Task 103.29 

T ime x Subject Within Groups 1142.24 

** 
P < .01; Fcrit• (0.1) (1 , 40) = 7.31 

2 7  

Degrees 
of 

Freedom 

48 

1 

1 

2 

2 

4:2 

Mean 
Square 

603.25 

12.35 

9 . 87 

51.64 

27.20 

F Ratio 

22. 1 7�c* 

.45 

. 73 

1. 90 

.. - * -



Te sts on h igher order trends , l inear and quadratic, revealed no 

s ignif icant d ifference s. F igure 5 s hows the changes in fine steering whee l  

reversals over time. As the analys is revealed no  d ifference s due to the 

effects of task complexity or noise , the data for all s ix treatment groups 

were pooled. 

As would be expected, comparis ons of dichotomized data for each 

subject us ing a contingency table revealed a s ignificant negative correlation 

(p {.. . 001 X2 = 18.33) between error s core and steering wheel correction. 

Us ing Guilford' s (1954) formula for the 0 coeff ic ient of correlat ion 0 = - . 54. 

It was hypothes ized that a decrease in the driver' s  ability to accurately 

mainta in a constant speed would occur with reduced alertne s s. However, 

analys is of integrated absolute velocity error for the 24 subjects in the mod­

erate task complexity group revealed no difference s due to time or no ise 

level which could not be attributed to chance. 

F igure 6 graphically dep icts the data for integrated absolute velocity 

over time. A s  there were no difference s between the three treatment groups ,  

the data were pooled for all 24 subjects. 

It was hypothe s ized that the latency of re sponse to a stimulus of 

increas ing amplitude would be expected to deteriorate with decreased alert­

ne s s .  An analys is of response latencies  to the ramp stimuli was performed 

for l inear, quadratic, and cubic trends. No s ignificant difference due to 

noise ,  task  complexity, or t ime were revealed. Figure 7 represents response  

latenc ie s to  a ramp st imulus as  a function of t ime. 

Decreased alertnes s  had been hypothes ized to affect the operator' s 

ability to cope with a sudden emergency. To measure thi s ,  a s imulated 

"blowout" was provided during the f irst, second, third, or fourth hour of the 

experiment. The indicant of the driver' s  ab ility to cope is road pos it ion 

error dur ing the duration of the s imulated "blowout. I I  It should be noted that 

the s core s taken during the s imulated "blowout" were not included in the 

overall analys is of road pos it ion de scribed above. An analys is of the data 

sugge sted that road pos it ion error during the emergency occurred during the 

fourth hour. 
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Each subject encountered the blowout only once dur ing the course  of 

the exper iment. Therefore ,  it was not pos s ible to utilize a repeated measure 

des ign and evaluate relative change s  in performance. Ins tead, a s imple non­

repeated measure s factorial analys is of var iance was performed. This 

analysis suggested that there was an effect due to t ime (p £.. 05). 
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Table 5 is the analys i s  of var iance summary table for road pos it ion 

er ror dur ing the blowout. 

TABLE 5 

ANOV SUMMARY TABLE F OR ROAD POSITION ERROR 
DURING THE BLOWOUT 

Sum 
of 

Source Square s  

T ime 244 . 50 

No ise Level 35. 22 

Task Complexity 8 . 33  

T ime x Noise  191. 45 

T ime x Task 20 . 84 

Noise x Task 51 . 12 

Time x Task x Noise 262 . 21 

W ith in Group 

* 

Total 

p <. . 05; F 't c r l  . 

652 . 0 0  

1465. 67  

( . 0 1 ) (3 . 24) = 3 . 01 

Degrees  
of Mean 

Freedom Square 

3 81 .  50 

2 1 7 . 61 

1 8 . 3 3  

6 31 . 91 

3 6 . 95 

2 25. 56 

6 4 3 . 70  

24 27 . 07  

47  

F Ratio 

3 . 01):( 

0 . 65 

O .  31 

1 .  1 7  

0. 26  

0. 9 3  

1 .  61 

F igure 8 is a graph ic representat ion of th i s  data. Examination of the 

graph reveals that the greate st er ror occurred dur ing ,hour fout' . 

An analys is of s imple effects was pe rformed which revealed that the 

increase in integrated absolute road pos ition error at hour four could be 

attr ibuted to inc reases  in the s core s of subjects rece iving the h igh no ise level 

R (P � .  05 F ' t 05 (2 , 36 )  = 3 . 60 ) .  Figure 9 illus trate s the performance .. C l  • 

differences be tween noise  levels  a s  a function of time. 

An analys is of the frequency of occurrence of alpha bursts in the 

occ ip ital EEG data was performed.  For the purpose s  of the analys is , a 
judge was trained to recognize alpha bursts as they occurred in the polyg.raph 
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record. This judge then  recorded the frequency of occurrence of the bursts 
for each of the 24 samples .talfen during the course of the experiment. As  

the frequency of alpha burst could not be  cons idered to have parametr ic 

qualitie s ,  the median number  of alpha bursts for each subject for each of the 

four hours of the experiment was computed. An analys is of change s in fre ­

quency of occurrence us ing a Wilcoxson Matched-Pair s igned Ranks Test 

test ing difference s between medians for hours one and four revealed a s igni­

ficant increa se (p t.. . 004). Overall analys is of the change s in frequency of 

occurrence for treatment groups revealed s ignificant increases in the fre ­

quency of occurrence for the low noise ,  low task  complexity group (p L. .  05); 

high nois e ,  low task  complexity group (p L. • 05) ;  and the low noise , moderate 

task complexity group (p < . 05). 

An examination of the polygraph records for changes in horizontal and 

vertical eye movement revealed no change s  which could reliably be attributed 

to any of the dependent variables .  

A s  hypothe s ized in the rationale , changes in emot ional reactivity of 

subj ect , if pre sent , could be reflected in relative change s in GSR acros s the 

various treatment conditions . To as se s s  th'is , the frequenc ies  of GSR sh ifts 

during the avo idance task were recorded. No changes which could reasonably 

be related to the dependent variable s  were revealed. 

F inally , EMG from the neck muscles was recorded in an effort to 

determine to what extent muscular fatigue was correlated with changes in 

alertnes s .  Examination of the polygraph record provided no evidence of 

systematic change s due to the treatment cond itions . 

= 

To smnmarize , the analys is indicated the following: 

1. The driver ' s abihlty to maintain his veh icle on the road under non­

alerting condit ions decreases linearly over a four-hour interval .  

2. 

3 .  

The rate of steer ing wheel corrections made by the driver 

decreases  linearly over a four-hour interval. 

There is a s ignificant negat ive correlation between pos it ion error 

and steering wheel correction frequency . Th is may be taken to 

indicate that e ither  the subject perceptually samples h is road 
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pos it ion le s s  frequently after driving a number of hours . or he 

proces s e s  and reacts to h i s  road pos it ion les s  frequently over 
long-durat ion driving . 

4 .  Measurements of pos it ion accuracy during a s imulated emergency 

indicate that the driver is  le s s  l ikely to be able to control h is  

vehicle accurately during an emergency after four hours of driving 

than after one hour of driving and that this  decrease in control 

during the emergency i s  most s evere when the driver has been 

exposed to a h igh level  of acoust ic noise. 

5. Analys is of occipital EEG recordings revealed an increase in the 

occurrence of alpha bursts for all subjects between hours one and 

four. 
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3 . 2 Discus sion 

The analysis of the results demonstrated that there was a s ignificant 

decreas e  in the ability of the subject to accurately maintain his vehicle in the 

center of the lane. Further, the decrea se in pos ition accuracy was linear 

along time . In low event driving then. decrea ses can be expected to begin to 

appear within the first hour of driving. and increas e  at a constant rate for 

at leas t  four hours . 

Mea sures of integrated absolute road po sition error made during the 

posttes t  returned performance to approximately the level found after one hour 

of driving. A s  it was not within the scope of the experiment to determine the 

rate of increas e  in road po sition error, it is not pos sible to state whether the 

improvement noted after the rest period would be followed by quick return to 

the lower performance characteristic of the fourth hour or, whether the 

improvement noted will be followed by a rate of performance decrease which 

is  similar to that encountered in the four hours driving task. Thus . the se 

results suggest that rest paus es have some value in improving performance 

of drivers temporarily. 

Analysis of the results revealed that two -degree steering wheel rever­

sals decrea s ed linearly with time over the four hours. �his finding is con­

sistent with that of Greenshields ( 1 966) , which was discus s ed in the Literature 

Review conta ined in Appendix A .  

A linear increase  in  road position error accompanied by  a linear 

decrease  in fine steering wheel corrections at first s eem paradoxical ,  

because low s teering wheel correction rate is generally taken as  evidence of 

smooth or skillful driving. Under long duration driving, however, a decrease  

in  sampling of road position by  the driver and! or a decrease in the frequency 

of corrections can be expected to lead to increased road po sition error 

(as s uming the accuracy of each correction doe s  not increas e  and the level 

of vehicle and road perturbations , necess itating corrections , does not 

decrease) . This proce s s  becomes evident in the extreme cas e  when the driver 

makes no correction for a number of s econds (minimizing steering wheel 

reversals) and runs off the simulated highway (maximizing position error) . 
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Figure 1 U is a reproduced polygraph record which illustrates the above 

phenomenon. Note that in an early sample taken at minute 28 .  road position 

is maintained smoothly and the frequency of steering wheel movements is 
relatively high. In the sample taken at minute 1 0 8 ,  the frequency of steering 

wheel movement has decreased and the driver is making large excursions 

over the s imulated road . At minute 220 the driver has made no steering wheel 

inputs for at least one minute and the vehicle is off the simulated road for 
the entire period . 

It is of interest to speculate on the nature of the mechanism which 
results in the decreased steering wheel input rate . One pos sible candidate 
for such a mechanism is reduction in the frequency of "perceptual sampling' ! 
of the environment by the dr iver. Changes in sampling rate might be 

expected to be manife sted in two ways. It is l ikely that a decreas ed sampling 

rate could lead to increas ed react ion time latenc ies to the ramp stimuli. 

In other words , if the subject checks h is visual environment les s  frequently 

he will have les s  of a probabil ity of see ing the st imulus when it first appears 

and h is react ion t imes will be h igher. Analys is of latencie s to the ramp 

st imul i  revealed no evidence of increased latency. 

Second. it would be reasonable to expect that reduced visual sampling 

would be accompanied by an increas e  in the pres ence of the alpha rhythm at 

the occipital cortex. Alpha rhythms in the occipital area (the primary vis ual 

a s sociation area of the brain) are generally a sign that the individual in 

que stion is not attending to any particular stimulus. In fact, the presence of 

alpha rhythms usually indicate a "drowsy awake" state . Perception of a 

visual stimulus by a subject exhibiting alpha usually results in a phenomenon 

called "alpha blocking" when the alpha abruptly disappears:.  There was 

evidence of an overall increase in the occurrence of alpha for all s ubjects a s  

would be  expected if reduced steering wheel corrections had been caused by a 

reduced frequency of visual sampling . 
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The re sponse to the ramp stimulus is  relatively simple and infrequent. 

It demands little from the s ubj ect. The responses  nece ssary to maintain the 

vehicle in the center of the lane require more proces sing and greater attention 

and a considerably more complex respons e. If the decrease  in position 

accuracy were a result of a degradation in the functions such as cognitive 

processing or respons e precision, it would follow that decreased performance 

would be most marked in the maintenance of position accuracy. Therefore ,  

one may speculate that degradation of the proces sing of information rather 

than in the sampling of stimului could account for the reduced position accuracy. 

The lack of evidence for increa sed latencie s  des erves comment. As  

noted in Appendix A.  stud ie s  of vig ilance which involve detection latency 

and probability of detection of a weak stimulus have generally s hown decreas ed 

performance over time . The respons e to a ramp stimulus uses an indicant of 

alertnes s  which is different from the cla s sic vigilance ta sk in a number of ways. 

In the interest of realism, subjects were told to look for a brightening light 

resembling the high beams of an oncoming vehicle . Response latency in such 

a situation is a product of a number of distinct factors :  the s ens itivity of the 

receptor to the stimulus ,  the time the subject requires to make the decis ion 

that the stimulus is indeed pres ent ,  and the probability that the subj ect is 

attending to the s timulus s ituation. 

Measure s of latency to a ramp stimulus therefore confound s uch factors 

and such confounding may obscure or obliterate changes in any one of the 

proce s s e s .  It must be emphasized that while s uch confounding ob scures the 

underlying factors , the task of responding to a ramp stimulus is appropriate 

for s uch a study as it repre sents the type of task commonly found in on-road 

driving . 

Te sts of data repres enting the driver ' s  ability to maintain a constant 

speed revealed no effects which might reliably be attributed to ta sk complexity, 

nois e  level, or time. Only one pos sible explanation sugge sts its elf: the simu­

lation of velocity changes was of insufficient fidelity. Differential velocity was 

simulated us ing variations in the apparent speed of our proj ected display, 

correlated variations in the speedometer reading, and correlated variation in 
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the equations of motion for roll and yaw. In an on-road s ituation, drivers may 

s ense speed changes through the use of a number of cues not available in the 

s imulation. Among these  might be auditory cues  ( including variations in 

engine , wind, and tire s ounds) , motion cues  ( including s ensations of lateral 

acceleration, pitch, and small variations in vehicle acceleration due to 

variations in road surface) . 

The measure of the subject ' s ability to respond to a s udden emergency 

were of intere st in that they revealed a decrease  in control accuracy in the 

fourth hour of tes ting. They further revealed that the greatest decrease  in 

control accuracy occurred when the s ubj ect had been tested in the high noise 

environment .  This  finding has direct relevance to on-road driving. It strongly 

s uggests that acoustk noise below the leve l that is pbys iolog ically injur-

ious , can be detrimental in terms of its effects on the ability to respond to 

emer gencies. Further , it is c lear that in the cas e  of drivers or operators of 

machinery or pilots such degradation could dangerously degrade the operator' s  

level of performance in an emergency. 

Measures of occ ip ital EEG revealed increases  in the occurrence of 

alpha overall treatment condit ions .  Th is indicate s that the durat ion of the 

drive affects neurological [unction, and may indicate that one cause of reduced 

pos ition accuracy is reduced sampling due to decreased brain act ivity. 

Examination of the measures of occipital EMG revealed no reliable 

changes due to time ,  task complexity or noi se  level in the e lectrophysiological 

function of one of the mus cle systems which maintains the head in an erect 

position. This may be taken to indicate that the performance of s ubj ects in 

this study cannot readily be attributed to muscular fatigue. This position is 

further s upported by the marked improvement in performance shown by 

subjects after about a four-minute rest period. It i s  doubtful that such a 
short time would be sufficient to alleviate four hours of physiological fatigue . 

Examination of the polygraph recording repres enting horizontal a:nd 

vertical eye movements revealed no effects which might be reliably attributed 
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to nois e  level , task complexity, or t ime . The data appeared h ighly variable 

and the variability may have been in part a function of the wearing of the eye 

movement sensors . These sensors re semble ,  but are considerably heavier 

than. an ordinary pair of eyeglasses  and are worn in place of spectacles. 

Their use precludes the wearing of eyegla s s es by subjects who normally use 

them for driving. It may be that the use of the eye movement sensors tends 

to serve as an annoying factor and the resulting variations due to dis comfort 

obscured any changes due to treatment conditions .  

Examination of GSR shifts during the blowout and avoidance tasks for 

each subject revealed no systematic increas e  or decrea se in GSR due to 

treatment conditions .  One reason for this may be that the s imulator a s  pre ­

pared is not a particularly intere sting situation and may not neces sarily lead 

to any change in emotional values .  If causes  for change in emotional state 

are lacking , there is little opportunity for manifestations of differences in 

emotional reactivity. Another reason, a s  is noted in the introduction, indi ­

cants s uch  as GSR may repres ent autonomically conditioned responses  to 

s tre s s  and be idiosyncratic to the individual , leading to large inter-individual 

variance. 

Finally , as noted in Section 1 . 2 . 1 a number of s ubj ects (three) were 

unable  to complete the experiment due to nausea or discomfort. All three 

of thes e  terminations occurred under the low nois e  condition, two under low 

ta sk complexity. one under moderate task complexity. A lthough no statement 

regarding the generalizability of such data is warranted it is interesting to 

note this effect. 

3 .  3 Recommendations 

In light of the findings of the Literature Review and of the experiment 

it would be imperative to validate the findings obtained in this study in an on­

road study. 

It is important to recognize that the data are the product of laboratory 

experimentation and should be validated on the road using actual vehicles .  

The data represent changes of human performance in a highly sophisticated 

driving simulator. By definition, every simulation involves some lack of 
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fidelity. In driving simulations in particular, the s ensory environment is  to 

some extent impoverished when compared to the real world. This  impoveris h ­

ment may yield more rapid deterioration of driving performance than can be 

expected in actual driving. Therefore , it may be that the same effects 

exhibited in the s imulator s tudy will occur in on-road driving but over a 

greater time scale . If the usefulnes s  of the findings of the s imulator study 

are to be maximized, attempts should be made to validate the findings and 

provide realistic time parameters for the effects recorded. 

The following is a brief description of such a validation study. 

Experimental Method 

It is anticipated that either a non-public c losed course such as the 

Watkins Glen Grand Prix Race Course or a course which includes segments 

of public roads closed to traffic could be us ed for this study. Such courses 

would allow an as ses sment of the effects of those variable s found to have a 

s ignificant probability of affecting driver safety ( duration of drive and acoustic 

nois e  level) which is more generalizable to real world driving than the 

asses sment provided by the simulator. Further, use of a c losed road track 

or closed road s ections will allow for far more rigorous standards of safety 

and more experimental control than pos sible on roads open to traffic .  

Subj ects would be drawn from the staff of CAL and/or local universitie s .  

All subjects would be at least 2 1  years of age and have had a t  leas t  two years 

of licensed driving experience. 

An  instrumented automobile , equipped to record at least  the following , 

would be used as  the test vehicle: 

o 
o 
o 
o 
o 
o 
o 

Steering wheel motion 

B rake and accelerator motion 

Force and frequency of application 

Forward and lateral acceleration 

Forward speed and dis tance 

Lateral road position 

Elapsed time 
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In the interest of safety . the vehicle should be equipped with a service 

brake pedal for the experimental obs erver. An acoustic pick-up and amplifi ­

cation system will be installed in order to p rovide for variations in nois e 

level. 

The following clas s es of measure s should be collected: 

1 .  A ccuracy o f  control during "low- event" driving. 

2 .  Latency of reaction to unexpected events ( such a s  detour s or 

conditions requiring emergency maneuvers ) . 

3. Precision of control of vehicle during such events or 

maneuvers .  

4 .  Comprehension of unexpected road signs . 

Each driver would be subjected to one of three nois e  levels correspond­

ing to those  us ed in the simulator study . 

Subj ects would be ins tructed to drive as normally and smoothly a s  

pos sible . maintaining speed limits as posted. Subjects would be a sked to 

read and obey all traffic s igns and explain them at the obs erver ' s  r equest. 

Each subject would drive steadily for five hours stopping only to change 

ob servers  every thirty minutes .  The change , which will require les s  than 

one minute . will be done in order to reduce decreases  in observer alertne s s .  

During the drive , various road sign s  could b e  presented to the driver 

and the driver could encounter without warning detours and situations requiring 

precision driving ( e .  g . , an emergency avoidance of rubber pylons) . 

Two other research topic s  are suggested by the results of this study: 

The fir s t  involve s research into the effects of information overload. 

Information overload may be expected in areas which have any or all of the 

following characteristic s :  heavy traffic flow , complex inter sections . high 

traffic signal density. and! or high informational s ign density . Overload may 

occur even  on roads with moderate levels of the characteristic s if the driver 

is unfamiliar with the area . 

The effects of overloading the driver with information to be proces s ed 

are probably as s erious as those  a s sociated with los s  of alertnes s through 
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bor edom. A study of the effects of information overload would involve an 

effort s imilar to the p re s ent s tudy.  Various levels of information could be 

presented to the s ubject for proc e s s ing. T he effect of the amount of i nforma ­

tion proce s s ing over time on mea s ur e s  of performance critical to driving 

would be analyzed. Such an effort could be provided most economically using 

a simulation approach s upplemented with on- road validation. 

T he s econd is concerned with the d evelopment of better mea s ure s of 

driver performance with r e gard to the development of measure s of driver 

alertne s s ,  the mos t  direct and valid mea s ure would involve continuously 

s ensing late ral road position. However th is  is not feas  ible . In the study, f ine 

ste er ing wheel movements w ere found to be highly correlated with road position 

error (0 = - .  54) . Such a mea s ure would make a fair indicant of alertnes s .  

Perhaps a direct analysis  of steering wheel movements would be more satis ­

factory than the counting of rever sals . It would s eem r e  search efforts aimed 

at establis hing the correlations of var ious types of steering wheel motions 

with driver pe rformance would be of value . Such a program could be relati vely 

s traightforward. S ubjects could be te sted on a s imulator Or get j udged ratings 

for on- road driving . During this te st  period all steering wheel motions would 

be recorded. After spectral analysis  of the recorded stee ring wheel s i gnal ,  

a factor analysis could be performed t o  find thos e portions o f  the spectrum 

most clos ely a s sociated with documents in driving performance . 

T he s imulator study indicated that a major effect of long duration 

driving i s  a decrease  in position error . The ramifications for traffic safety 

are as follow s :  if this finding can be generalized to the on- road situation, 

then a reduction in accident rate on long ,  straight featur eles s  roads might be 

achieved by a numbe r  of direct methods :  

1 )  W idening the lane s .  T his method would reduce the effect of 

increa sed position error . Howeve r ,  its cost is probably proh ibitive .  

F urther ,  this w ill only be o f  value if the increase in position error r epre s ents 

some ab s olute change in the s ubj ect ' s ability to posi tion his vehicle , if the 

degradation is a function of the driver ' s  relative toleranc e to position error , 

widening the road may only result in the driver be ginning with a le s s  stringent 

position e rror criter ion. In s uch a cas e , inc r ea s ed tole ranc e for position 
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error will lead to dangerous deviations in about the same time frame a s  

would be expected o n  lanes o f  normal width. 

2)  Mark lanes so  that they appear narrower . Thi s  would force 

the driver to s et his c riteria for deviations requiring corrections at a lower 

level.  If the a s sumption can be rna de that r equiring this higher level of per ­

formance does not change the rate of decrea s e  in performance . then making 

the lane appear nar rower will allow the driver to operate his car for a longer 

pe riod before he reache s a dangerous magnitude of position error . Also.  making 

the lane perceptually smaller could alert the driver to his increased position 

ppsition e rror before it became dangerous . The efficacy of s uch a program 

could be eas ily te s ted by marking a candidate roadway and meas uring the 

mean deviation from the c enter of the lane of normal traffic . This mea sure ­

ment would then be compa red to mea surements of an unmarked s egment of 

the road or a s imilar road. 

3 )  U se textured median s trips . shoulder s  and interlane boundaries .  

The design of textured boundary markings ha s been us ed in urban and s uburban 

roadways . It is reasonable to consider the u s e  of this sort of marking for 

r ural roads . The us e of textured boundarie s would provide the driver with 

auditory and tactile cues when his position erro r becomes so great that his 

wheels leave the lane . Thes e c ues  would tend to alert the driver as they 

would occur infrequently in normal driving. If fea s ible .  consideration should 

be given texturing of the entire lane with the goal of providing an acoustic and/ 

or tactile position feedback. A s envisioned. the texture could be graduated 

so that correctly positioning the vehicle in the center of the lane would 

re s ult in the lea s t  road noi s e or vibration. Such a system might cause driver s  

t o  better maintain their position within the lane. 

Finally . the study revealed that nois e levels of the magnitude commonly 

found in vehicles in curr ent us e can caus e degradations in the driver ' s  ability 

to respond to sudden emergencie s .  A s s uming that this finding is generalizable 

to on- road driving. careful consideration should be given to the e stablishment 

of maximum interior nois e  levels for vehicle s .  The s e  levels would have 

particular relevanc e to long distance tr ucking operations . 
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4. APPENDIX A - Review and Dis cus s ion of Pertinent Literature 

Alertnes s u sually is  defined in terms of the observer '  s re sponse to 

stimulus inputs which are cons idered cr itical with in the framework of the 

task he is pe rforming. The term alertne ss  has been u sed in refe rence to 

act ivit ie s  rang ing from s ignal monitor ing tasks in which stimulus inputs are 

rare and relatively weak (" vigilance"  tasks) to complex tasks in wh ich the 

information proce s s ing capabil itie s of the observer are severely taxed. 

Measure s of alertness  include s imple detect ion, detection rate . react ion 

t ime and appropr iatene ss  of the re sponse. 

The purpos e of th is discus s ion is  to present a representative sampling 

of research efforts that are relevant to ale rtne s s and to the task of dr iving 

a veh icle . An important cons ideration is the applicabil ity of the re search 

data to actual dr iving s ituations s ince , part icularly in vig ilance type tasks , 

the appl icability of the laboratory  data to field conditions has been ser ious ly 

questioned (Elliot ,  1 960;  Kibler ,  1 96 5 ) .  

In th is report the relative ly narrow approach of looking only at dr iver 

vig ilance is  not followed. Instead , the driver is discus sed more broadly in 

terms of the way that he proces ses the information available to h im in var ious 

dr iving environments. A bas ic assumpt ion underlying this discu s s  ion is that 

the dr iver has a limited capabil ity for proces s ing that information. The ma in 

concern is with those mechanisms by which the driver selects and attends to 

those informat ion inputs of the environment which he cons ide rs  to be cr it ical 

to the driving task. Bas ic problems include the determinat ion of how many 

inputs can be attended to at one time and how these  inputs are selected from 

among all those pos s ible. The stud ie s  reviewed here include both bas ic 

studies a imed at the development of theor ies and models of human informa­

t ion proce s s ing, and applied studie s primarily aimed at obta ining quant itative 

data regarding driver performance under actual f ie ld condit ions . 

From th is report the bas ic studie s are grouped into three large and 

s omewhat overlapp ing areas of attent ion, dec is ion making , and vig ilance , 

plus other relevant topics such as dr iving cons ide rations , task load, long-te rm 
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dr iving , lack of s leep ,  ambient temperature , nois e ,  and ph ys iological mea s ­

ure s .  The plan of this review i s  t o  examine the f ind ing s of the s e  ba s ic studies  

from wh ich to  develop s ome general conclus ions about dr ive r  ale rtnes s  and 

the directions wh ich further research should take . The applied stud ies  have 

be en grouped according to cons ide ration s d irectly relevant to automobile dr iving. 

4.  I Attention 

4. 1 .  1 Sele ctive Attention 

The numbe r of information inputs present at any g iven time 

often far exceeds the capac ity ava ilable for proce s s ing them. Some s ort of 

selection must be made to determine which of the inputs will unde rgo further 

analys i s .  The concentration of the analytic me chan ism on the selected inputs 

can be te rmed the proc e s s  of selective attention. A numbe r of important 

que st ions ar ise with regard to th is proc e s s .  First ,  at what point in the pro­

ce s s ing of the inputs is the select ion made ? Second, on what bas is are inputs 

s e lected for attent ion? Third, how much information can be attended to at 

one time ? F inally,  what happens to those inputs on which attent ion is not 

focu sed? 

An expe r ience common to most per s on s  w ith normal hear ing i s  the 

s o - called " cockta il party effect .  11 Th is  effect refer s  to the ab ility to l i sten 

to only one of a numbe r of s imultaneous conve r sat ions wh ile the others are 

ignored.  The work of Che rry ( 1 95 3 )  wa s instrumental in st imulating a large 

amount of research on s elective l isten in g .  He used a method of shadowing, 

whe re the subjects repeated out loud a spoken mes sage as it was pre sented. 

They were instructed to follow as  close behind the spoken me s sage as  pos s ible . 

Che rry conducted one s e r ie s  of shadowing exper iments in wh ich the s ubje cts 

we re requ ired to repeat out loud one of two dichotically pre s ented verbal 

m e s s age s whe re a diffe rent me s sage was pre sented to each ear .  He found 

that the unshadowed (unsele cted)  input was effective l y  ignored and l ittle 

mate r ia l  from that input could be recalled follow ing c e s sation of the me s sage . 

Subje cts note d ve ry gro s s  events in the unshadowed me s sage , such as  the 
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change from a male to a female voice , but could not recall the content of the 

me s sage nor even that a d iffe rent language was be in g  spoken. Moray ( 1 9 5 9) 

repeated a short l ist  of words numerous times in the unshadowed me s sage 

and reported that s ubje cts late r recognized those words only at a chance 

level .  If the shadow ing task i s  dis rupted momenta r ily,  however ,  attention 

can be dive rted to the second input (Mowbray,  1 964) .  

To expla in such result s ,  B roadbent ( 1 95 8 )  sugge sted that the ne rvous 

s ystem acts a s  a s ingle c ommun ication channel of l im ited capac ity .  In h i s  

model sensory inputs a r e  in itially proce s sed i n  parallel but a t  an early stage 

of proce s s ing the inputs are selectively f ilte red on the ba s is of phys ical 

features  of the input , s uch as intens ity , p itch and location. Th is filte r ing 

se rve s  to block irrelevant inputs from further proce s s ing. The filter thu s  i s  

tuned t o  pas s  information from only one of many input channels (e . g ., one 

particular voice out of many different voic e s ) .  Information about unsele cted 

inputs is  held in a short term store for pos s ible future proce s s ing,  but if not 

pas sed b y  the f ilter it is soon lost and cannot be remembe red. 

One problem w ith the or ig inal Broadbent model is that unde r c e rta in 

c ondition s ,  meaningful inputs from the reje cted input channels are perce ived 

and attended to. Mora y ( 1 95 9) found that s ubje cts rece iving dichot ically 

presented inputs heard the ir name s on the ir relevant channel .  Gray and 

Wedderburn ( 1 960)  found that in a s ituat ion whe r e  two me s sage s we re s imul­

taneou sly presented,  s ubjects readily pe rce ived words in wh ich the diffe rent 

s yllables of each word in a me s sage we re alternately pre sented to each ear .  

Deuts ch and Deutsch ( 1 96 3 )  suggest  that filte r ing doe s not take place unt il all 

the inputs have been analyze d for meaning.  Unde r th is concept, all inputs 

reach the same perceptual and d i s c r iminatory mechani sm whethe r the y  are 

be ing attended to or  not. The y  propose a sh ift ing reference standa rd wh ich 

reflects the level of the most important input. Sh ifts in attention occur when 

a s ignal of h igher importance is input to the s y stem. Deutsch and Deuts ch 

relate thi s  me chanism of sele ct ion to a gene ral arousal theory. The problem 

with th is approach , as Ne i s s e r  ( 1 96 7) note s ,  is that it doe s not expla in why so 

l ittle of the unattended input make s an impre s s  ion even though it all ha s been 

analyzed. 
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In another approach , T r e i s man ( 1 9 6 0 ,  1 964)  sugge sts that the irrelevant 

channels are attenuated r athe r than filte red out completely. The attenuator 

s e rve s to reduce the s ignal-to-noise ratio of the unattended inputs .  B roadbent 

and Gregory ( 1 962 )  accept th is  view. Like Broadbent , Tre isman views atten­

tion as  a pas s  ive proce s s  accomplished through analys is of the input. 

Tre i sman s uggests that all inputs unde rgo s ome form of hie rarchical 

te sting by the analytical m echanism s .  Thus ,  most irrelevant inputs would 

fa il the te sts early in the hierarch y  and would rece ive no further proce s s ing .  

In th is te s t ing,  s ignals are d iffe rentiated on the bas is of phy s ical feature s ,  

e .  g . , intens ity) whe re poss ible and on h ighe r orde r features (e . g . , g ramme r )  

whe re nece s sary .  This te st ing i s  carried out sequentially ,  proceeding from 

the s imple r te sts to the h ighe r  orde r tests . Thos e inputs that fail the te sts 

at the lowe r le ve l s  are rejected as  noise . 

To account for those  s ignals in unattended me s sage s wh ich are  per­

ce ived de spite the attenuation, Tre isman suggests that inputs which are 

h ighly important or relevant to the subject ( e .  g . , his  name ) could be perce ived 

provided the te st  c r ite r ia we re suffic iently low, i .  e . , the organism could be 

attuned or sens itized for those  inputs . Factors s uch a s  contextual probability,  

recent use and importance lead to reductions in the level of the te st c r ite r ia .  

He rnandez - Peon ,  Sche r re r  and Jouvet ( 956) found that a s ound 

produced far le s s  electr ical act ivity in the cochlear nucleus  of a cat when the 

cat was looking at a mouse than when the mouse was not pre sent. The s e  data 

support an attenuation concept, at least a c ro s s  sens ory modalit ie s .  Howeve r ,  

humans can exert s e lect ive attention within a s ingle modality, s o  the perti­

nence of the se  data i s  not without que stion. 

Treisman' s approach overcome s many of the obje ct ions raised con­

cerning the f ilter model ,  but pre sents a ve r y  complex model of information 

proce s s ing. Norman ( 1 96 8 )  c r it ic ize s Tre isman' s m odel on the ba s is that 

the unde rlying me chanisms are unduly complex. Ne i s s e r  ( 1 9 6 7 )  contends 

that the hypothe s i s  that uns e le cted me s s age s are attenuated cannot be correct .  

He notes that even though the unattended me s sage may b e  ignored as  t o  content , 
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it is no le s s  loud than if it were the attended mes sage . Ne i s s e r  further po ints 

out that me s sages can be s elected on the ba s i s  of relative loudnes s  alone , a 

fact he f inds d ifficult to recon c ile with an attenuation model .  In re s ponse , 

T re isman ( Ne is se r ,  1 967)  ar gue s that it is the informat ion c ontent and not the 

loudnes s  that is attenuated. Nei s s e r  state s that thi s  approa ch force s the 

h ypothe s is of attenuation to g ive up much of its content at the expense of 

satisfy ing h i s  c r itic isms.  

Norman ( 1 969)  pre sents a s omewhat diffe rent approach to a mode l 

of attention. In h is mode l the in it ial analys is of s ignal inputs i s  pe rformed 

automatically and cons ists of matching the phys ical characte r i stics  of e ach 

s ignal w ith those of repre sentations  stored in memor y. Al1 inputs rece ive 

a s imple analys is for meaning .  Selection of an input for further p roce s s ing 

is based on a cons ide ration of such cues as  context , grammar and mean ing , 

in addit ion to the phys ical characte r i st ics  of the inputs . Norman suggests 

that s ome measure of the pe rtinence of each of the se  prope rtie s of the inputs 

is a c r it ical factor in the s e le ct ion proce s s .  Pertinence reflects expe ctations 

regarding pos s  ible future inputs and the propertie s of the presently attended 

chennal of information.  The pe rt inence inputs and the sensory inputs both 

operate on the items in storage . Those items which are most h ighly activated 

by the c ombination of . sensory and pertinence inputs are the items then s e lected 

for further proce s s  ing . Unattended inputs remain only partial1y interpreted. 

Norman 1 s m odel differ s  from the attenuation model s  in that change s in per­

formance are  cons ide red a result of change s in b ias , i .  e . , pertinence , and 

not a change in s ens it ivity . 

Sperling ( 1 9 6 7) demon strated that the information pre sented in a 

br ief visual presentation is  stored by the observe r  for a short pe r iod of t ime 

following the offset of the st imulus mate r ial .  The obs e rve r is able to c ontinue 

proce s s ing th is mater ial as long as it is in storage and subjects reported that 

the y  could st ill see the stimul i after the y  we r e  no longer d isplayed. Storage 

t ime typically is  one second or les s ,  although it can extend to f ive s ec ond s ,  

depend ing on the values of s uch factors  a s  the intenS ity of the input , the 

exposure t ime and the pre - and post- exposure illumination (Sperl ing 1 96 0 ,  1 96 3 ) .  

Ve rbal mate r ial unde rgoe s a s omewhat s im ilar proce s s .  
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Ne is ser  ( 1 96 7 )  u s e s  the te rm icon ic memory to refe r to the visual 

store and e choic memory to refer to the aud itory stor e .  Ne i s s e r  ( 1 967)  sug­

gests a two- stage model of attention. The mater ial in iconic or echoic storage 

f ir st unde rgoe s  perlim inar y  analys is wh ich se rve s  to g ros s l y  s e gregate the 

sensory inputs on the bas is of global,  nonspec ific feature s of the inputs .  Th is 

is followed by a foc u s ing of attention on certa in of the s e  items which then 

unde rgo extens ive analy s i s .  

I n  the case of ve rbal material,  the first s tage cons i sts of a pas s ive 

f ilte r s yste m  wh ich pe rforms preliminary identification of words and other 

cognitive units based on a gros s analy s is of  feature s .  Th i s  stage can e s tabl ish 

localizat ion, form c rude s egment s ,  and in a l im ited way ,  direct re s pons e s .  

Ope rations in th is  stage can b e  conducted i n  paralle l ,  i .  e . , independently of 

e ach other.  The s econd stage con s ists of  an active proce s s  of analys i s -by­

s ynthe s is in wh ich the l istene r s ynthe s izes  a s e ries of l ingu istic units ba s ed 

on stored representations wh ich match the inputs he is  cur rently r ece iving.  

Th is constructive proc e s s  is  cons ide red by Ne i s s er to be the bas ic me chanis m  

of aud itory attention. It is  i n  th is stage that deta iled analys is of the input is  

conducted . Ne is s er stre s se s  the point that unattended inputs are ne ither 

I I f iltered out" nor " attenuated" but instead are analyzed only b y  the pas s ive 

mechanism wh ich he te rms preattentive . The se p reattentive mechanisms 

ope rate only in a crude , g lobal way .  However ,  s ome hierarch ical depth is  

as sumed in that the se me chan is m s  can s e rve to  p ick out ce rtain s imple unit s ,  

e .  g. , one ' s  own name , e ven if the input is  not in the me s sage unde rgoing 

analys is by s ynthe s is .  

Ne i s s e r  also  propose s a model of v isual attention. Again, a two- stage 

m odel is as sumed. The f ir s t  stag e ,  the p reattentive stage , accomplishes the 

gros s divis ion of inputs into those that w ill be proce s sed further and those that 

for the moment will rece ive no furthe r proce s s ing.  Th is is a pas s ive stage in 

which gros s analys is of input featur e s  is conducted in parallel ,  thus  allowing 

inputs to be proce s sed independently of e ach other .  Onl y  those items which are 

actively proce s sed can be recalled later although all  inputs are held in a sensory 

store for a ve ry short pe r iod of  time . The s e cond s tage of  proce s s ing is one 

in wh ich the sele cted inputs undergo deta iled analy s is .  Th is stage ope rate s 
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on the g r o s s  dist inct ions determined in the f irst  stage and repre sents a focus 

of attention on those inputs .  

Lettvin, Maturana, McCulloch and P itts ( 1 95 9) and Hube l and W ie s e l  

( 1 962)  report neurophys iolog ical ev idence that the re are detector arrays in 

the visual s ystem which respond only to relatively  s p e c if ic inputs .  Lettv in 

et al found fiber s  in the optic ne rve of the frog wh ich responded only to the 

movement of small dark objects , e .  g . , bug s ,  in the visual field . Once acti­

vated,  the re ceptor s continued to  r e s p ond as  long a s  the object rema ined 

within the visual field. Hube l and W ie sel found spe c ialized re ceptor s in the 

v i s ual s ystem of the cat that r e sponded diffe rent ially to inputs depend ing on 

s uch rathe r  complex features  a s  the or ientation and movement of the stimulus 

in the visual f ield.  The p reattentive mechanisms conce ivably could ope rate 

in this  way ,  but Ne i s s e r  ( 1 96 7 )  str e s s es the p o int that recognition of a com­

plex visual input i s  a much more involved ope ration than th is  and requ ire s 

proce s s ing well be yond the s tage of s imple neurolog ical r e s ponse .  

Ne is s e r  ( 1 96 7 )  p o ints out that ce rta in r e s ponse activities can occur 

d irectly as a result of the p reattentive proce s s e s  without the need for highe r 

orde r proce s s ing.  One of the s e  activitie s is  the redirection of attention 

its elf. Ne i s s e r  note s that attention is not randomly allocated but rath e r  is  

often guided b y  cue s s uch a s  motion extracted d irectly from the visual input. 

Thus ,  many common activit ies that occur in da ily l ife can be a s c r ibed to 

the p reattent ive level.  The s e  include both cognit ive activities and guided 

movements s uch as those involved in dr iving or walking or other s imilar 

activities .  The dr iver who suddently becomes aware that he has driven h is 

automobile for a long per iod of t ime w ithout a ctuall y  focus ing attention on the 

dr iving proce s s  is one example of how one m ight function at the preattentive 

level.  The drive r in s uch a s ituat ion may have h is attent ion focu sed else ­

whe r e ,  pe rhaps on a daydream, yet can maneuve r  h is automobile along the 

r oadway,  particularly a roadway with which he is familia r .  A s  Sende r s ,  

Kristoffe r s on ,  Levison,  De itrich and Ward ( 1 9 6 7) have noted, a curved 

roadway be come s perceptually s traight to the driver as  he become s familiar 

with it. It can be a s s umed,  in this case ,  that proce s s ing of events that once 

se rved an ale rt ing function in that the y  r equired focal attention to s ome a s pect 
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of the dr iving task, has become so s imple and well learned that the preattentive 

proce s se s  are s uffic ient to conduct the tas k. As long a s  the events are such 

that the y are w ith in the g roup of familiar and expected events , the dr iver can 

handle a large number of the s e  events at the p reattentive level .  When c on­

fronted with a s ituation in which the c rude mechan isms of preattent ive opera­

t ion will not suffic e ,  the dr iver must sh ift to a more ale rt mode of ope ration .  

Such a shift takes time , and i n  s ome instance s may b e  c r it ical to the safety 

of the drive r .  Howeve r ,  just  how this  sh ift would operate to influence driv ing 

pe rformance has yet to be dete rmined. 

4 . 1 . 2 D ivided Attent ion 

An area of attention research of particular interest  to dr iver 

alertne s s  has to do with the divis ion of attention. Frequently ,  the dr ive r  is 

confronted with s ituations  in wh ich s eve ral demands are s imultaneous ly placed 

on his attent ion mechanisms . It is  important to know how well he can handle 

such s ituation s .  Tre isman ( 1 96 9 )  reviewed a numbe r of expe r iments on atten­

tion and concluded that divis ion of attention between two or more s ensory 

inputs (e .  g . , me s sage s to both ears)  and between two or more targets (e .  g .  , 

d iffe rent words ) is  accompl ished th rough alternation of attent ion or ser ial 

analys i s .  Howeve r,  divis ion of attention b etween two or more analyzers  ( e .  g . , 

those c once rned w ith shape and color ) is  relat ively more eff ic ient. W ith 

regard to focus ing of attention, T r e i s man c oncludes that focus ing is  readily 

accompl ished for diffe rent targets or for inputs from d iffe rent phys ical 

s ource s that reach a s ingle analyzer as occur s when a d ifferent m e s sage is 

input s imultane ou s ly to each ear.  Focu s ing of attent ion on a particular ana ­

lyzer seems to be much le s s  effic ient ,  particularly whe n  the distinct ion to be 

made is along dimens ional character istic s of a s ingle input (e .  g . , color) . 

L iebowitz and Appe lle ( 1 969 )  inve s tigated the effe cts of var y ing 

the diff iculty of a central tas k  on the luminance thre sholds for pe r ipherally 

pre sented l ight s ignals .  They found that thre shold levels we r e  influenced by 

the characte r is t ic s  of the central task. Pe r iphe ral s t imul i were presented at 

visual angle s rang ing from 200 to 9 0 0  on e ithe r  s ide of the f ixation l ight. In 

c ond itions in which a centrally located l ight was extinguished and the s ubject 
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had to actuate a switch to reactivate the l ight, thre sholds were gene rally 

h ighe r  than thos e  obtained in th e  condit ion where the s ubjects s imply f ixated 

on a steady central l ight.  The y  inte rpret the ir findings a s  r eflecting the 

effe cts of the attention demands of the central task on the s ize of the functional 

v i s ual f ield. A slow inte rruption cond ition had a more delete r ious effect on 

pe riphe ral thre sholds than d id a h igh inte rruption condition .  Th is f inding was 

interpreted a s  showing the lack of a s imple relat ionship between required 

rate of re s ponse and per iphe ral thre shold. 

L ie bow itz and Appelle stres  s the point that the data from the ir study 

p r e sent strong e vidence against the s imple extrapolation of laboratory data 

regarding thre sholds , acuity,  motion percept ion and other such functions  to 

s ituations in which the pe rceptual motor load is not the same . The data of 

a numbe r of other resear che r s  (Easte rbrook, 1 95 9 ;  Ga s son and Pete r s ,  1 96 5 ;  

Mackworth� 1 968 ;  and Sande r s ,  1 96 3 ) also indicate that a functional v i s ual 

f ield exists wh ich var ie s  in s ize according to the proce s s ing demands placed 

on the obse rve r .  Jenkins ( 1 95 8 )  reported that the reaction time s to peri­

pherally p r e s e nted l ight s ignals we re affected by changes in  the central ta sk 

r equirements . Bahr ick, Noble and F itts ( 1 954) found that the payoff a s s oc iated 

with a central task affected detection of pe r ipheral s ignal s ;  and Weltman and 

Egstrom ( 1 96 6 )  found that in phys ically dangerous s ituation s ,  some s ubjects 

showed an inc rea s e  in reaction t ime to per iphe rally pre s ented l ight s ignals . 

The res ults of the se  studie s clearly indicate a need for furthe r re search to 

dete rmine the effects of f ield cond itions on informat ion proce s s ing funct ions 

dete rmined in the laboratory .  The s e  r e s ults s ugge st that the dr ive r who is 

focus ing h is attention on som e  demandin g  tas k. such as  lane chang ing or dis ­

tance keeping on a crowded h ighway ,  is le s s  l ikely to detect a weak, but 

c ritical s ign that appears  along the s ide of the road than is  the dr ive r who is  

dr iving along an unc rowded highway and need devote relatiJle ly l ittle attention 

to on- r oad activ it ie s .  

A seyev ( 1 960)  found that factor y  worker s  employed i n  tasks defined a s  

monotonous showed a progre s s i ve increa se thr oughout the work day in reaction 

time to irre gularly pre sented l ight s ignals whe reas  s ubjects emplo yed in tasks 
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defined a s  not monotonous demonstrated no such degradat ion. The s e  reaction 

t ime data were obtained whe n  the subj ects were not actively engaged in work. 

Haide r ( 1 96 3 )  had s ubjects pe rform a detection task wh ile actively working at 

the ir jobs . S imilar re sults were obta ined.  Based on the s e  re s ults , one can 

speculate that in s ituations in which the drive r ' s  task is s imple and undemand ­

ing, e .  g . , when dr iving on an uncrowded freeway in a car, the dr iver will 

show a progre s s ive deter ioration in the s peed with which he r e sponds to 

exte rnal s ignals such as a blowout. 

Recently, Peter son ( 1 96 9 )  has developed a model that is pr imar ily 

conce rned with concur rent activitie s .  While dire cted towards verbal activit ie s  

the model is  appl icable t o  other cogn itive o r  symbol ic act ivit ie s  in which 

attention must be divided among two or more inputs . 

Pete r s on s uggests three leve ls of clas s ificat ion of s ymbolic activity 

ba sed on the degree of attent ion requ ired to ma inta in an ongoing activity. 

An important dete rminant in the attentional demand of the activity is  the stage 

of train ing and profic iency in that act ivity. At the lowe st level ,  Pete r s on 

groups a clas s of activitie s  which he labels e m i s s ion activit ie s .  The s e  activ­

it ies are character ized by s e lf- guidance and freedom from environmental 

cue s .  A s  example s of emis s ive activitie s ,  Pete r s on c ite s the rec iting of the 

alphabet and counting.  

At  an inte rmed iate level ,  Pete r s on g roups activitie s he labels repro­

duction activit ie s .  The se activit ie s are characte r ized by direct corre spondence 

between input and output as  occurs in read ing and shadowing ta sks . S ince 

the s e  activ ities are not s elf- guided, a degree of unce rta inty exists be cause of 

the relat ive unpred ictabil ity of the input . 

The th ird level of act ivity sugge sted by Peter son is  one in wh ich some 

type of problem s olving is nece s sary before an appropr iate output can be 

effe cted. The examples c ited for th is level are ar ithmetic computation and 

anagram s olution. 
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Pete r s on conducted a s e r ie s  of expe r iments in which s ubjects performed 

the s e  activit ie s in various combinations . The results s upported h i s  hypothe s i s  

that pe rformance would reflect the relative deg ree of attention requ ired by the 

concurrent act iv itie s .  Thu s ,  when solving anagram s ,  pe rformance wa s best 

when the concurrent act ivity wa s an emis s ion task (counting) ,  inte rmed iate 

when the second tas k  was a reproduction ta sk ( shadowing)  and poore st when 

the second task was a problem- s olving tas k  (adding) .  However ,  Pete r s on note s 

that performance was still quite effic ient when performing any two of the con­

current act ivitie s .  

Pete r s on propos e s  a four- stage informat ion proce s s ing system. In the 

f irst  stage information is held in var ious short-term s ens ory store s which 

operate in parallel .  The s e  s eem to be comparable in concept to Ne is ser l s  

iconic and echoic store s .  In the s e cond stage a filte r me chanism serve s to 

attenuate the proce s s ing of all but one input at any g iven t ime . The inputs in 

store then are proce s sed sequentially .  Peter s on a s s umes that the filte r ing i s  

accomplished on the bas is o f  different s en s e  organ s .  In the third stage Pete r ­

s on s ugge sts that once again parallel proce s s ing can occur.  The long -term 

store prov ide s the capab il ity for ma inta ining well e s tabl ished activitie s such 

a s  reading and adding , while short-te rm store s mainta in the continuity of 

d ive r s e  typ e s  of proce s s ing. S ince well e s tablished skills may be conducted 

at th is  stage with relatively l ittle demand placed on the attention mechanism, 

othe r activit ie s  can be conducted in paralle l w ith that act ivity.  

Pete r s on follows the sugge stion of M oray ( 1 967)  that the concept of a 

fixed capac ity central proce s s or is  preferable to that of a s ingle fixed channel 

of l imited capa c ity. Unde r thi s  conce pt ,  parallel ope ration may occur at any 

stage in wh ich the central proce s s or is  not ope rat ing at full capac ity. This  i s  

in contrast t o  the concept of a s ingle fixed channel in wh ich concurrent activi­

ties are car r ied out by rap id switch ing between the act iv it ie s .  Ne i s s e r  ( 1 96 7) 

also sugge sts that ce rtain types  of activ itie s can be conducted independently at 

the lev�l of the preattentive mechanisms wh ile attent ion is focused els ewhe re.  
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The fourth stage in Pete r s on' s mode l is  an output stage.  In th is stage 

too, Peter son s ugge sts that act ivit ies are performed in parallel ,  e .  g . , s imul­

taneous s peak ing and writ ing.  

4 . 1 . 3 Some Implications of Attent ion Studies 

Several implications may be drawn from the attent ion l ite ra­

ture rev iewed.  The var ious information proce s s ing models that have been 

developed have cons ide rable relevanc e to the problem of driver ale rtne s s .  

Unfortunately, the conver g ing ope rations that are ne ce s sary to dete rmine 

wh ich model be st de s c r ibe s human informat ion proce s s ing have yet to be per ­

formed. At pre sent there are two major d ive rgent v iews regarding information 

proce s s ing.  One view, held by s uch res earche rs as  Broadbent and Treisman, 

is that informat ion proce s s ing is  a pas s ive proce s s  in wh ich inputs to the s y s ­

tem undergo extens ive analys i s  by va r ious analyzers  i n  the s ystem. The 

oppos ing viewpoint, held by such re s earche r s  as  Ne i s ser and Norman, is  that 

an act ive component which pe rforms s ome s ort of analys is -by- s ynthe s is acti­

vity is  nec e s sary.  The arguments for an active proce s s  are qu ite convinc ing 

but are by no means unive r s ally accepted a s  yet. 

Based on these informat ion proce s s ing mode l s ,  seve ral tentative con ­

clus ions conce rning d r ive r alertnes s  can b e  forwarded.  Fir st ,  w e  know that 

dr ive r s  can perform the bas ic dr iv ing tasks without actually focus ing attention 

on the driving activity its elf. Also,  when attention is focused on s ome activity , 

the extent to which a second activity can be pe rforme d concurrently appears 

to depend upon the attentional demands of each activity. The dr ive r who is  

travel in g  on a crowded h ighway which is  unfamil iar to  him and thus require s 

con s ide rable focus ing of h i s  attention on such feature s a s  s igns and lane 

marking s is much more l ikely to neglect a developing dangerous s ituat ion than 

is  the dr ive r tho is familiar with that road. Howeve r ,  the dr ive r who is  

famil iar with that road may also fa il to  notice the development of a dange rous 

s ituation if h is attention is focus ed el sewhe r e ,  e .  g . , on  a daydream. Skill 

also is important, for as  dr iving skill is attained, the tas k  of dr iving itself 

requ ire s le s s  involvement of the attention mechanism which can then be focused 

on other activitie s .  It is  important to note that the drive r  can focus his  

5 9  



attention on only one input at a t ime , although he can independently conduct 

gros s analy s e s  and pe rform s imple overlearned act ivit ie s at the preattentive 

level.  In c a s e s  whe re two c r it ical inputs must be handled, one input must 

rema in in store until the first is proce s sed. If, becau s e  of poor highwa y 

de s ign or other caus e s ,  the dr ive r  is  faced w ith a s ituat ion in which two c r it­

ical inputs appear s imultane ous ly,  the alert dr iver may have the advantage 

over the non - alert dr iver to the extent that he may start p roce s s ing the inputs 

s ooner .  Both the alert and the non - alert dr ive r must still proce s s  the two 

items sequentially , but in ce rtain dr iving s ituation s ,  even a mode st advantag e  

in the init iat ion of proce s s in g  c ould b e  c r itical.  According t o  Ne i s s e r  ( 1 96 7 ) ,  

p roce s s  ing time for each input is a t  least 1 00 mill isecond s .  

Wh ile the above conclus ion s  are not particularly unexpected and the 

models d iffe r in some re s pects as to precisely h ow information is proce s sed,  

the models , and the theor ie s  unde rl ying the models , provide a general frame ­

work within which to a s s e s s  driving obse rvation and re se arch and upon which 

to p redict p erformance in various dr iving s ituations . 

One important lack in the information p roce s s ing models is an adequate 

ac counting of motivational facto r s .  Unt il re cently , most models  of the human 

cogn it ive proce s s  had shown l ittle concern for the pos s ible effects of motiva ­

t ional factors on p erformance .  S imon ( 1 967) is  one of the few theor ists who 

has attempted to incorporate expl ic it mot ivational mechan isms into an infor ­

mation proce s s ing theory of cognition. S imon make s the point that the s ingle ­

m inded, s ingle - purpose behavior of most existing s imulations of human 

informat ion proce s s ing is not r epre s entative of actual human behav ior ,  which 

is r e spons ive to a mult ipl ic ity of g oals .  S imon is not alone in this  obse rvation. 

In discu s s  ing exper imental des ign Ne iss er ( 1 96 7 )  state s ,  l i The s implifications 

introduced by confining the s ubject to a s ingle motive . . can be just ified 

only if mot ivation and cognit ion are genu inely d istinct. If , as I suppo s e ,  the y  

are inseparable where remember ing and thinking are concerned,  the common 

exper imental parad igms may pay too h igh a pr ice for s implic ity. I I  (p .  3 0 5 )  
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Some ba s ic work i s  be ing done in th is area.  Wiene r (1 966)  pre s ents a 

thorough review of the re search up to that t ime. Pete r s on ( 1 969)  acknowledge s 

the importance of motivation in information proce s s ing and as  sum e s  that, in 

ve rbal ta sks , motivation operate s pr imar ily to increase  or de crea s e  r ehearsal .  

W ickens and S imps on ( 1 96 8 )  pre s ent expe r imental evidence that supports th is  

view. The relevance of the laboratory work to dr  iving behavior i s  st ill qu ite 

l imited, although it is apparent that mot ivational factors certa inly are c r it ical 

in the dr iving s ituation. A con s  ide ration of what it is the dr iver is attempting 

to do and the value he attache s to accomplishing that activity is nece s sary to 

a complete under standing of dr ive r behavior on the h ighwa y. The dr ive r 

whose pr imary motivation is  to arr ive at h i s  destination safe ly will probably 

dr ive differently than doe s the dr ive r whose p r imar y motivation is to arrive 

at h is de s t ination as quickly as pos s ible . In terms of attention , we m ight 

s pe culate that the dr ive r who is  conce rned with safety might focus his  atten­

tion on warning indications and conj ecture about the movements of other 

veh icle s on the road, whe rea s  the dr ive r conce rned with speed may be most 

attentive to speed l im it s igns and detection of police vehicle s .  

While self-pre s e rvation undoubtedly i s  a strong mot ivational factor in 

dr iving pe rformance , it would be extremely difficult to manipulate such moti­

vation in an expe r imental setting. On the oth e r  hand, law enforcement practice s 

readily can be changed to influence the value s dr ive r s  a s s oc iate with certain 

types of dr iving behavior. The effects of such change s on attention remains 

a problem for future research .  

4 . 2 Dec is ion Making 

The dr ive r is requ ire d to make nume rous de c is ions  while dr iving . 

Var ious the or ie s  have been advanced that attempt to predict dec is ion making 

behavior in s ituat ions s uch as those encountered in d r iving . Edwards ( 1 96 1 )  

rev iews many of the se.  One of the most  promis ing of  the se  the or ie s ,  though 

still largely unte sted in such s ituations as discu s s ed he re , is the theory of 

s ignal dete ction (Swets , 1 964) .  The theory of s ignal dete ction regards the 

observe r  as relating sensory data inputs to h i s  goals and to information about 
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probabil itie s and value s he has previou sly acquired.  It i s  a mathematical 

theory and permits a mathematical de s c r iption of the dec i s  ion proce s s .  An 

imp ortant as  sumption is  that the human is a noisy rece ive r of s ignals ,  the 

noise  be ing gene rated in h i s  nervous s ystem. The tas k  of the human when 

confronted w ith a pos s ible s ignal s ituation is to  dete rmine whether the infor ­

mation he is  rece iving i s  due to th is  inte rnal noise and any external nois e 

pre s ent in the s ituation or whether a s ignal is actually present. To accomplish 

thi s ,  the the ory a s s ume s that the obs erver e s tablishes a c r ite rion of acce pt ­

ance that con s ide r s  not only the l ikel ihood that a s ignal actually did occur , but 

also con s ider s  the value of a correct de cis  ion and the cost of an incorrect 

dec i s ion. The probab ilit ies of "no s ignal" and " s ignal" arrived at by the 

obs erve r  are not nece s sar ily the true probabil it ie s .  The y  repres ent only his  

s uppos it ions regard in g  the t rue probabilities and obviously will be influenced 

by h is own p e r s onal b ias e s  as  gained from past exper ience and tra ining . It is  

not until he acts on h is dec is ion that he can obtain furthe r information as  to  

the r ightnes s  or  wrongnes s  of  h is a s s umptions regarding the probabil ity that 

a s ignal had occurred and can make any adjusbnents in his  a s s e s sment of the 

s ituation to develop a more optimal c r iter ion level when confronted with th is 

s ituat ion in the future .  

In the case  of dr iver decis  ion making,  the theory would apply s ome ­

what as  follow s .  F ir st ,  a detection s ituation must occu r ,  where in one of two 

mutually exclus ive state s obtain. For example , an obstacle , e .  g . , a hole in 

the road pre sent in the path of the veh icle is  or is not pas sable . The dr iver 

approaches  the s ituation with s ome hypothe s is re garding the s ituat ion.  He 

obse rve s the s ituation and dec ide s his  h ypothe s is is correct or incorrect. 

Four alter natives concernin g  the dr iver ' s  decis  ion now can obta in : 

1 .  H is hypothes is  is  correct and he de c ide s it is  correct 

(te rmed - h it ) .  

2 .  H is h ypoth e s i s  i s  corre ct and h e  de c ides it i s  incorrect 

(termed - m is s ) .  
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3 .  H is hypothe s is i s  incorre ct and he dec ide s it is incorre ct 

(termed - corre ct reject ion ) .  

4 .  H is hypothe s is is  incorre ct and he de c ide s it is correct 

(termed - false  alarm) . 

Each of the s e  alte rnative s repres ents s ome value ,  or cost,  to the 

dec is ion maker ,  and depend ing on the ir r elative worth to h im ,  w ill differ ­

entially affect the cr  iter ion of a c ce ptance that h e  e stabl ishes .  The values 

and costs a s s oc iated w ith the s e  alternat ive s constitute what is termed a pay­

off matr ix,  or r is k  function.  

Accord ing to the theory, the dec i s ion reached by the dr iver would 

r eflect the influence of the a pr ior i probabil it ie s attached to the oc currence 

of e ither of the two pos s ible state s ,  the payoff matr ix and the s ensory data. 

At the s implest  level ,  g iven a s ample that m ight repre sent e ither state , the 

dec is ion proce s s  const itute s making the best  choice between the two alte rna­

tive s .  

A s suming that the obse rve r w ill attempt to maxim ize h i s  payoff, he 

w ill calculate the l ikel ihood that the sample repres ents s ,  the s ignal plus 

noise , or s, noise a lone . The ratio of the two value s ,  the l ikel iho0d ratio, 

that he a s s  igns to the se two alternatives is the measure that he c ompare s to 

the c r ite r ion when he make s h is de c is ion. If th is ratio equals or exceeds his  

c rite r ion leve l  he will respond S,  s ignal present (hypothe s is 1 ) . If the ratio 

doe s not exceed the criter ion value he will respond S, s ignal not present 

( hypothe s is 2 ) .  Lett ing d l  repres e nt the d istance betwee n  the means of the 

probability dens ity functions for noise  alone and for s ignal plus noi s e ,  the 

value of d ' , which thus  repre sents the effect ive s ignal strength, can be e st i ­

mated from the relat ive frequencies of the hits and false  alarms that occur 

unde r controlled expe r imental condit ions . Whatever c r ite r ion the obse rve r 

u s e s ,  even if it is not the optimal one , can be de s c r ibed by a s ingle number 

repres enting s ome value of l ikelihood ratio de rived from the exper imental 

data. The data obta ined in the exper iment can then be utilized to predict the 

relative probabil ities of h its  and fal s e  alarms for var ious s et s  of exper imental 

condition s . 
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The re are certa in implications aris  ing from this  theory that a re of 

concern in the dr iving proce s s .  Exp e r iments have demonstrated that alte r ­

ations i n  the payoff matr ix can have s ignificant effects o n  pe rformance (Swets , 

1 964) . Expe r imental re sults indicate that the curve of the function relat ing 

the condit ional probabil it y  of the re sponse  S under condition s to the condi­

t ional probab il ity of the r e spon s e  S under condition s is  appr oximately l inear 

when the value s are p lotted on probab il ity paper .  This would mean that if d l  

and the a priori  probabil itie s of s and 5 a re known, the n  the payoff matrix 

could be s ystematically alte red in such a way a s  to pred ictably affect pe rform ­

Also,  information should be gained a s  to the information requ ired to make an 

appropr iate de c is ion. 

Anothe r  feature of this  theory is that it accounts for the false alarms 

that often occur in ope rat ional s ituat ions . If an obse rver a s s igns a high 

p robabil it y  to an occur rence , he  w ill tend to r e spond as  if h is hypothe s is were 

c onfirmed,  even in cas e s  whe re it was not confirmed .  Thi s  accounts then for 

the complacent dr iver who,  even when a war n ing is seemingly clear , will often 

ignore the warning and end up in s e r ious trouble . Th is  can happen when he 

a s s igns a low probability of occur rence to that event and thus  is not alert to 

s uch warnin g s ,  and even though he s e e s  them, does not proce s s  them s uff i­

c iently to a s c e rtain the ir true nature (Williams and Hopkin s , 1 95 8 ) .  As  Ne i s se r  

( 1 9 6 7) note s i n  h is discus s ion of information p r oce s s ing,  the obs e rver often 

s ee s  what he expects to s e e .  The dr iver who " knows" that a particular traffic 

control s ign he is pas s  ing e stabl ishe s a speed l imit of 60  m. p. h .  may not 

notice that the s ign has been changed to read 40 m. p. h. S ince he has a s s igned 

a high probability of occurrence to the 60 m.. p.  h. reading,  he  may check only 

the g ro s s  feature s  of the s ign ( e .  g . , it is  white and rectangula r )  at the pre ­

attentive level.  On the bas is of th is p reattentive che ck, he dec ides that his  

orig inal hypothe s is is  confirmed and thus  make s a false  alarm. The re sult of 

this  decis ion could not only get h im into trouble w ith the police but could lead 

to dange r for both h ims elf and other s .  

The approach to d r ive r dec i s ion making offe red b y  th is  theor y is 

attractive and appears to have applicability to the dr iving task. However ,  

very l ittle research that i s  d irectly relevant t o  dr iving has been conducted 
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w ith in this  theoretical framework. The theory does f it into the general info r ­

mation proce s s ing paradigm and has obvious relevance t o  the dr iving s ituation .  

4 .  3 Vig ilance 

The dr iver somet ime s finds h ims elf in s ituat ions in wh ich the demands 

placed on h im by the bas ic d riving ta s k  are min imal and he spends extended 

per iods of t ime doing ve ry l ittle except watching for traff ic control devices  

and potentially dangerous s ituat ion s .  A large numbe r  of stud ies have been 

conducted to determine the capability of obs e rve r s  to detect relatively  weak 

and infrequent s ignals dur ing the cour se of a long monotonous vigil such as  

thi s .  Most of the s e  studie s we re intended for mil itary applicat ions such as  

radar watche s and the l ike . Typically ,  the re s ults of the se  expe riments show 

a de gradation in performance dur ing the cours e  of the vig il. 

Many of the v ig ilance studie s have been interpreted in terms of s ignal 

detect ion theory (Broadbent , 1 96 3 ;  Colquhuon and Baddely ,  1 964; Loeb and 

B inford, 1 964;  Levine , 1 96 6 ;  Davenport, 1 96 9 ) .  Typically,  the degradation in 

pe rformance usually as soc iated with time - on-task is inte rprete d a s  change s 

in the s ignal crite r ion fJ , wh ich is  usually taken to repre sent the con serva ­

t ivenes s of the s ubj ect in ac cepting a n  input as  a s ignal . Jer i s on ( 1 9 6 7) 

strongly attacks th is  inte rpretation and state s that the use of s ignal detection 

the ory as a model for human vig ilance has led to a numbe r of unfortunate 

re sult s .  Ac cording to Je r is on, the large change s in fJ typ ically found in 

v igilance studies can be better expla ined by an attention model rather than a 

decis ion model based on s ignal detection theory. H e  feels that inve stigator s 

have been d iverted from the study of attention to the study of var iable s a s soci­

ated w ith de c is ions about information that has already been proce s sed. Je r i s on 

states that the obse rve r  first must de c ide how he will obse rve and then decide 

what to do about the information that he has r ece ived. It is h is view that 

s ignal detection theory is directly applicable only to the proce s s  of de c iding 

what to do with the information that has been rece ived and proce s sed. H e  

cons ider s  the ba s ic problem of vig ilance to be a s s ociated with decis ions about 

how to obse rve and i s  p r imar ily conce rned with the proce s se s  of attention .  

6 5  



The reduct ion in s ignal detection rate ove r time typically found in v ig ilance 

studie s as t ime on the task increas e s  is attr ibuted to change s in attent ion. In 
th is mode l.  the obs e rve r is cons idered to focus le s s  and le s s  attention on the 

p r imar y  detection ta s k  as time on the ta sk increase s .  and instead focus h is 

attention elsewhe re . Thus .  observing effic iency in the pr imary detect ion ta sk 

wor s ens with t ime and the measured f3 consequently increa s e s .  

Je r is on conclude s that the data from vig ilance studie s d o  not indicate 

an inc rea sed conse rvat i s m  in dete ction dec is ion s but s uggest instead that 

regardles s of what time dur ing the vig il a s ignal occurs .  if the observer is 

observing ale rtly he w ill not m is s  it .  He recommends that the applicat ion 

of vigilance data to f ield s ituat ions impl ie s that a h igh dete ct ion rate can be st 

be achieved through cons ide rat ion of means for ma inta ining a h igh level of 

ale rtne s s .  

Jer i son.  P ickett and Ste ns on ( 1 965 )  sugge sted that obse rving behavior 

can be categorized into th ree main types :  alert. blurred.  and distracted.  

They define the ale rt state as  re pre s enting optimum obs e rving. Blur red 

obse rving is a s s ured to occur as  a result of such factors as  inappropriate 

accommodat ion or fixat ion and e ye tea r ing.  In th is state . the obse rve r 

exhib its an apparent de crease in se ns itivity to the s ignals .  Distracted obs e rv­

ing occu r s  whe re the obs e rve r has focused his attention on someth ing other 

than the p r imary task. and would include da ydreaming.  Dur ing th is state . it 

is a s s umed that the s ubje ct make s ne ither detection nor fa lse alarm respons e s  

t o  the prima r y  s ignal input s .  In th is state , the obs e rve r  exh ib its a n  apparent 

increase in caution, i. e . . f3 is inc reased. 

A vig ilance model based on s ignal dete ction theory  wa s developed 

around the concept of diffe rent obs e rvin g  method s .  In th is  model ,  the effects 

of attention can be defined by the values  of d'  and f3 obta ined unde r each type 

of observing behavior. Performance in vig ilance tasks can be dete r m ined on 

the bas i s  of the relative amounts of each type of obs e rv ing that occur s .  The 

measure of pe rcentage detection s dur ing the vigil is a d irect ind icant of the 

percentage of ale rt obse rving behavior,  as s um ing strong s ignals are p re s ent . 

The amount of blurred observing can be dete rm ined from the false alarms . 
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and distracted obs erving from the mis  s e s .  Thus , th i s  model provide s an 

inte rpretat ion for both the r e sults of Mackworth ( 1 96 8 )  who reports a decline 

in sens it ivity dur ing a vig il and nume rous others ( e .  g . , B roadbent and 

Gregory,  1 96 3 )  who report changes in j3 dur ing a vigil .  A s sum ing that alert 

obse rving can be ma inta ined most of the t ime , Jer ison et al  ( 1 96 5 )  sugge st 

that even s mall amounts of inappropr iate obse rving (blu r r ing)  can effect major 

change s in sens it ivity (d l ) .  Distracted obs e r ving would r e s ult in a n  inflated 

f3 which Jer ison et al strongly a s s e rt is not an indicat ion of inc reased cau ­

t ion , but instead reflects an inc rea s e  in non-alert or d istracted observing .  

They suggest that measure s obta ined in laboratory stud ies of s ignal detect­

ability can be used as  bas e l ine mea sures  against which to e valuate meas ure s 

obta ined unde r f ie ld condit ion s .  If typ ical obse rving behavior under field 

condit ions can be determined or controlled,  it may be pOS S ible with th is 

m odel to use bas ic laborator y data on s ignal dete ction to accurately predict 

pe rformanc e in the field. 

The performance degradation typically demon strated dur ing long 

pe r iods of vig ilance can be over come to a large extent by the s imple expedient 

of providing pe r iodic re st pau s e s  (McCormack, 1 95 8 ;  Jenkins ,  1 95 8 ) .  

Zue rchner ( 1 965 ) had h i s  subje cts engage i n  conve rsation , or stand, stretch 

and breathe deeply,  while st ill perform ing the vig ilance ta sks . H e  found an 

improvement in pe rformance unde r both condition s .  The relevance of the s e  

findings t o  the dr iving s ituation is  apparent. 

M ot ivat ion is an important factor in vig ilance s ituations and one that 

often is not cons idered in studie s of v ig ilanc e .  Pollack and Kna££ ( 1 95 8 )  found 

that puni shme nt (a loud horn bla st) for m is s ing a s i gnal, r e sulted in an improve ­

m e nt in detect ion rate . They also reported an improved dete ction rate under 

condit ions of monetary rewa rd. Bergum and Lehr ( 1 964) ,  howeve r ,  found that 

subsequent ces sat ion of the reward re s ulted in a g reate r deg radation in per­

formance than that shown by a control g roup . 

Kibler ( 1 965 ) also has discus sed the relevance of laborator y vig ilance 

studies to the r eal wor ld , part icula rly in m il itar y ope ration s .  H is pr imary 

conce rn is that typ ical vig ilance tasks do not repr e s ent a real istic s imulation 
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of pre s ent day monitor ing activitie s and he state s that it has yet to be e stab ­

l ished that the r e s ults of typ ical v ig ilance studies can be validly applied to 

most pre sent day mon itor ing function s .  He ave r s  that there is a c on s p icuous 

pauc ity of published studie s which have actually te sted or demon strated the 

relevance of laborator y findings to actual m on itor ing s ituations .  The tasks 

in thes e  stud ie s typ ically require the subjects to s pend long per iods of time 

watch ing or l istening for weak, infrequently p r e sented s ignals to which they 

m ust m ake a relat ively s imple respon s e .  Kibler note s that wh ile s uch tas ks 

may once have had s ome relevance to ce rta in m il itary ope rations ( radar 

m on itor ing,  in particula r ) ,  that relevance has greatly dim inished in recent 

year s .  He points out that the rada r obs erve r of today s e ldom is faced with 

the type of task pe rforme d  in most vig ilance s tud ie s .  Rather ,  h i s  task now 

may be better characte r ized by complex mult idimens ional s ignal inputs wh ich 

require relat ively complex proce s s ing by the obs e rver and which may repre ­

sent many diffe rent cla s s e s  of target s .  The maj or problem in th is s ituation 

doe s not s e e m  to be so  much a degradation in dete ction performance ove r 

t ime , but rather a general s usta ined ineffic iency in detecting and/ or identify­

ing targets and prope rly proce s s ing the informat ion pre sented in the display 

( Ell iot ,  1 96 0 ,  and Self and Rhode s ,  1 964) .  

Kibler quote s Fitts a s  stating that in  more complex m on itor ing tasks , 

decrea s ed ale rtne s s  may be evidenced in inadequate re s pons e s  to c r it ical 

st imul i.  Thus , the adequac y  of the re s pons e of an automobile dr iver to a 

c r itical informat ion input such as  that provided by a tire fa ilure , could be 

cons ide red an indicant of h i s  level of ale rtne s s .  

For the driving s ituation, there are many instance s ,  e .  g . , dr iving on 

limited acce s s divided h ighways at n ight , in wh ich the dr iver may rece ive 

only infrequent , weak s ignals wh ich require a m inimal re s ponse on his  pa rt. 

P robably one of the most extens ive applied re search efforts relat ive to gen­

e ral driving pe rformance has been that related to dr iving veh icle s at n ight. 

The H ighway Resear ch Board period ically publishe s extens ive summ a r ie s  of 

this  and related work. The inve stigation of n ightime dr iving is an extremely 

complex unde rtaking.  Even in the most ba s ic studie s whe re attempts have 
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been made to determine the capab ilit ie s  of obse r ver s to dete ct object s  such a s  

a vehicle o r  a p er s on that m ight be p re sent on the h ighway a t  n ight,  con s ide r ­

able difficulty is  encountered in gene raliz ing thes e  re sults t o  a w ide var iety 

of s ituations .  Bas ically, the problem s e e m s  to  be  that illum ination cond it ion s 

and target- field relat ionsh ip s  can vary s o  widely that a s uffic ient body of 

knowle dge is  not yet available to p e rm it ready gene ralization to a wide var iety 

of s ituation s .  Blackwell, S chwaff, and Pritchard ( 1 965 ) state s that I t a  ver y  

comprehensi ve study of illumination and vis ib il ity var iable s in roadway visual 

ta sks is  requ ired before general understanding of the problem of see ing while 

dr iving can be a ch ieved. II Alertne s s  generally has not been an exper imental 

factor in the s e  studie s ,  but the studie s on vigilance certa inly are relevant in 

concept to such s ituation s .  However ,  the validity o f  the laboratory finding s 

must be carefully c ons idered in l ight of the c r iticisms previously d i s c us sed. 

4. 4 Dr iving Cons ide rations 

4 . 4 . 1 Real World Ve r su s  Laboratory R e s earch 

A s  was noted earlie r ,  a problem with bas ic laboratory research 

on human performance is  that the condit ions unde r which data are obta ine d in 

the laboratory often bear l ittle res emblance to the condit ions under which the 

human ope rates in the real world. Ch r istensen and M ills ( 1 967)  state that 

the use of any method or m odel for e stimating human pe rformance in complex 

man- machine s ys tems without validation unde r actual ope rat ional cond it ions 

is a r is ky procedure . They emphas ize the gro s s  diffe rences  that exist between 

the laboratory and the actual s ituation and use as an example R .  L. Thorndike ' s  

findings regarding the d ifference s that exi st between a irc raft bombardier pe r ­

formance in the training s ituation and pe rformance in combat. They argue 

that s ince we do not really know what humans do in complex man- machine 

s ystems , the gene ralizat ion of bas ic laboratory data to real world perform­

ance in  such s ys tems should be done with great care.  

Thi s ,  of course ,  is not a new argument. Afte r all , the p r imary a im 

in most laboratory resea rch on human pe rformance is to better unde rstand 

the bas ic workings of the human and not s ome complex man-machine s y stem.  

6 9  

) 



( I 
At the same time . it would be h ighly des irable if the data from laboratory 

studie s could be appl ied in a pract ical s ense to actual s ituation s .  s uch as 

d r iving an automob ile .  in which humans are p r imary partic ipants in a complex 

man-mach ine s ystem. 

The need to understand the lim its of human pe rformance is critical in 

many s ituations . The dr ive r of an automobile obviously must proce s s  and 

act on many informat ion inputs as he pe rforms h i s  ta sk. It also is obvious 

that many dr ive r s  do a very poor j ob in th is task and end up dead. About one ­

third of the se deaths occur in s ingle - car accident s .  Thus . if the y had survived. 

thes e  drive r s  probably could not even have blamed the acc ident on s ome other 

dr ive r .  

Nume rou s atte mpts have been made t o  dete rmine the causes  of s ingle ­

car acc idents . Table 6 is one example of the type s of cau s e s  to wh ich the s e  

acc idents are a s c r ibed. Wh ile cause s stemming from a degradation in alert­

ne s s  and defic ienc ies in the acquis ition and proce s s ing of information are not 

explic itly l isted, such factor s undoubtedly are important. For example . the 

purpose of traff ic control devices  such a s  s igns , ma rkings and s ignals is to 

provide information that w ill enable or requ ire the dr ive r to perform h is task 

in an efficient and s afe manner.  The veh icle that runs off the road may repre ­

s ent in many case s a failure of traffic control device s to impart vital informa ­

t ion to the dr iver of the veh icle . The inadequac ie s  of the se  device s are 

part icularly important in instances  where the dr iver may have h is p r imary 

attention focused elsewhere . 

One approach often used in attempts to answe r the que stions posed 

above is to obta in obse rvational data for a selected test s ite and examine the 

e££ects of de s ign mod if icat ions on dr ive r  and pede str ian pe rformance and/ or 

acc ident frequenc y over a prolonged per iod of t ime . Wh ile useful data can be 

obta ined in this  way,  some disadvantage s are apparent in the use of this pro­

cedu re as  a p r imary means of data gathe r ing. An important con s iderat ion is  

that because of  the ineffic iency and imprecis  ion typ ically as s oc iated with 

observational studie s ,  it take s a lot of data to reach any mean ingful conclus ions .  
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TA BLE 6 

NUMBER OF S INGLE CAR A C CIDENTS BY CAUSE 

(From Penn, 1 96 3 )  

Numbe r of 
Acc ident Cause  Accidents 

Faulty Dr iving 1 , 302 

Speed 1 , 229  

Dr inking or  Drug s 768 

Mechanical Fa ilure 520  

Dr ows ines s  5 1 1 

Unknown Veh icle 2 6 3  

M is cellaneous 1 82 

D istraction Ins ide Veh icle 16 3 

Adve r s e  Dr iving Condit ions 1 4 1  

D istraction Outs ide Veh icle 8 3  

Medical Problems 41 

Total 5 , 2 0 3  

7 1 

Pe r Cent 
Of Total 

2 5 . 0 

2 3 . 6 

1 4. 8 

1 0 . 0 

9 . 8 

5 .  1 

3 . 5 

3 .  1 

2 . 7 

1 . 6 

0 . 8 

1 00 . 0% 
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An alte rnative approach is to s imulate the driving s ituation, or s ome 

a spect of it . Th is approach provide s a means of collecting a large amount of 

data in a relat ively short pe r iod of time . Howeve r ,  it is well known that 

people often do not pe rform the same way in a te st  s ituation a s  they do in the 

actual s ituat ion the te st  was de s igned to inve s t igate . Consequently, devices  

which may b e  s imilar in te rms of dete ction and recognit ion characte r ist ic s ,  

a s  te sted in the laboratory, may diffe r s ign ificantly when te sted in the actual 

ope rating s ituation. Results from te sts wh ich use subj e cts operating in a 

known te st environment, e .  g . , a dr iving s imulator , thus  run the ve ry real 

r isk of be ing inappropr iate for a s s e s  s ing dr ive r performance in the actual 

operat ing s ituation. In addit ion , the y  run the r is k  of art ifactual amounts of 

fat igue , inattention and motivation be ing pre sent .  

A rathe r extreme example of how the te st s ituation can influence the 

te st  r e s ults is found in a report by Ba iley and Olsen (195 9 ) .  In off- road mili­

tary ope rations , it  is often nec e s sary to use on-foot guide s to lead the vehicle s 

when operating at night unde r blackout conditions and without auxiliary viewing 

or sen s ing dev ice s .  The s peed of the veh icle under the s e  condit ions thus is 

that of a walking man . Bailey and Olsen attempted to quantify the extent of 

performance degradation result ing unde r various vis ibil ity condit ions by 

having tank c rews negot iate a te st track at a p roving ground. The y found 

that under all the condit ions te s ted the tanks were ope rated at veloc it ie s 

approach ing those of daytime operation. Obviously, the te st s ituation in th is 

cas e was drast ically diffe rent from that of the actual off- road s ituation.  

L ikely reas ons for Bailey and Olsen ' s dis cre pant re s ults include:  

l )  the drive r s  we re well aware that they and the veh icle s were in relat ively 

l ittle dange r ,  2 )  the dr ive r s  knew that n o  obstacle s we re pre s ent on the te st 

track, and 3) the dr ivers  knew that a path did in fact exist .  W ith th is  knowl­

edge , the ir task was p r imar ily j ust one of determin ing whe re the track went. 

Under the c onditions te sted, this  evidently wa s not too difficult a task. In the 

actual field s ituation , howeve r ,  the tank dr ive r  is  faced with a m ult itude of 

unknowns conce rning h is des ired path of trave l and he must be extremely ale rt 

to pos s ible dange r s  he may e ncounte r .  A s s um ing that the dr ive r ha s rece ived 
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l ittle or no b r iefing conc e rning the proposed r oute , and real izing that he is 

fully cognizant of the cost of his vehicle and the disfavor with which his s upe ­

r ior would rece ive news that he had damaged or d isabled the veh icle , we can 

unde rstand why the dr iver m ight place a much h ighe r  value on a safe arr ival 

at h is de st ination than he would on the t ime it take s to get there .  In the com­

bat s ituat ion , a disabled veh icle is  extreme ly vulne rable to enemy attack and 

the importance of be ing able to move , h oweve r s lowly, ach ieve s paramount 

importance . It is apparent that the expe ctanci e s  and value s set up by the 

drive r in regard to pos s ible events that could occur in the dr iving s ituation 

can have a marked influence on the way in which he operate s h is veh icle and 

can be an important factor in dete rmining the level of alertn e s s  unde r which 

he ope rate s .  Such factor s  undoubtedly also influence dr iver performance on 

h ighways .  

Drive r s  obta in most of the ir information through dire ct visual refe r ­

ence t o  the outs ide world. As an informat ion proce s sor , the dr ive r obs e rves 

the r oad ahead to obtain information and transmits information b y  manipula­

tions of the ste e r ing wheel ,  brake s and other control s .  The effectivene s s  of 

traffic control devices  in improving driver pe rformance and safety can be 

related d irectly to the a id wh ich the device s provide in proce s s ing informa ­

t ion. Data from laboratory studie s are useful here in e stabl ish ing the 

capab ilitie s of humans in performing relevant tasks . It must be remembe red, 

however ,  that the s e  data refle ct more or le s s  ideal conditions and thus  

be come le s s  useful, for th is purpose ,  as  the ope rational condit ions  depart 

from the ideal and as the ale rtnes s  of the dr iver departs from that typical of 

the h igh leve l u s ually pre s ent in most laboratory information proce s s ing 

studies .  

4. 4. 2 Traffic Controls and S igns 

S ince so  much of the informat ion the driver rece ive s is pre ­

s tnted to h im by traffic control device s ,  a maj or problem in h ighway safety is 

to dete rm ine just how, when and to what extent such informat ion can be used 

by the dr ive r in var ious ope rating s ituations . Val id data conce rning the way 
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in wh ich humans proc e s s  s uch informat ion should lead to des ign pract ic e s  

that maxim ize the effectivenes s  of traffic control device s .  Th is  will not b e  a 

s imple s olution because control devic e s  can appear in a w ide var iety of dr iving 

context s .  Maj or cons ide rations are the weath e r ,  traffic ,  highway and viewing 

geometr y, and illumination conditions under which the devices  are viewed. 

Othe r  important factors include the amount of visual c lutte r along the r oad­

way,  the pre s ence of other obje cts in the immediate viewing area of the control 

device , the familia r ity of the dr ive r with that particular roadwa y ,  h is age,  

exper ience , att itude s and level of fat igue , the existence of  ps ycholog ical or 

phys iolog ical stre s s ,  effe cts due to the consumption of alcohol or the taking 

of drugs and the extent to wh ich he is alert to h ighway events . We must con­

s ider ,  aga in , what it is  the dr iver wants to do and what value he puts on 

ach ieving that end. Because  of all the se  contr ibut ing factors , it  is  l ikely that 

a traffic control device that may be entirely adequate in one context may be 

entirely inadequate in s ome othe r context . The problem is to specify the way 

in which the se var ious driving contexts affe ct the way in which the dr ive r is  

able to  use the information provided b y  traffic control device s .  

An important question relate s to the way in wh ich the information i s  to 

be u s ed. In some cas e s ,  the dr ive r must operate s olely on the bas is of what 

he can see from his  vehicle . In such cas e s ,  he  must be extremely alert to 

pos s ible obstacle s in h is propos ed path that might interfe re w ith the expedi­

t ious completion of his  journey.  In othe r case s ,  through the use  of maps or 

becau s e  of previous expe r ience with the route , he may pos s e s s  cons ide rable 

advance informat ion about the proposed route and can concentrate on looking 

pr imar ily for expected landmarks and obstacle s .  The visual requirements 

of the dr iver and the way in which he obtains and use s visual informat ion may 

be quite different in the se  two case s .  Sele ctive attention and overall alertnes s 

ce rtainly will be c r it ical factor s  in dr iving pe rformance unde r the se c ondition s .  

Cumming ( 1 964) took the pos it ion that all s ignposting, l ine marking 

and s ignalling should be de s igned w ith the g oal of min imiz ing unce rta inty.  

Sende r s ,  et al ( 1 967)  attempted to de r ive an unce rta inty model of the dr iving 

s ituat ion. A central notion unde rlying the development of the ir theoret ical 
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work is  that drive r s  tend to dr ive to a l imit:  

"We s uggest  that the l im it is  det e r mined by that p oint when the dr ivE; r ' s 

information proce s s ing capac ity , e ithe r real or imag ined,  is matched 

by  the informat ion gene ration rate of  the road, e ither real  or  e stimated.  

The dr iver s  may be wrong in  the ir e st imate s ,  but the y  will tend to 

ach ieve thi s  balance of input infor mation rate and information proce s s ­

ing rate . A dr iver in unfamiliar te r r itory s ee s  a great deal m ore 

uncerta inty in the s ituation than a dr iver fam iliar with the te r r itor y .  

W ith fam ilia r ity the re c om e s  a reduct ion of unce rta inty, a reduction 

of informat ion flow rate , and a h ighe r perm i s s ible veloc ity, g ranted 

the same ter ritory and c ircumstanc e s .  Thi s  is  reflected in the diffe r ­

ent ways people behave in automobiles in fam iliar and in unfam iliar 

ter ra in s .  It might be s a id that a curvy, familiar road is ' pe r ceptually 

stra ight' s ince uncertainty about the road ahead is  low. " (Sende r s ,  

e t  a l  1 96 7 )  

When viewed i n  th is l ight, the l ikel ihood o f  an acc ident increa s e s  a s  

a funct ion of the degree t o  which infor mation gene ration by the road, traffic 

and s ignal device s exce eds the information p roce s s ing capab ility of the opera­

tor . H ighe r  dr iving s peeds result in an increase in informat ion generation 

rate and require a concomitant inc reas e  in infor mation proce s s  ing rate to 

m a inta in the balance between generating and proce s s ing.  This  type of balance 

was implied by Barmack and Payne ( 1 96 2 )  in d i s c us s ing the problem of dr ink­

ing dr ive r s : "Alcohol apparently induc e s  a pas s ive level of function ing without 

creating,  at least in s ome drive r s ,  intention to reduce s peed. Howeve r ,  

h igher speeds r equire more active antic ipator y proce s s e s .  The lack of adj ust­

m ent to th is h igher demand leve l ,  or the inabil ity  to sustain more active 

proce s s e s ,  defeated most of the dr inking dr ive r s .  ' I  Thus , the drinking driver 

m ight be expe cted to display some of the same re sponse inadequac ie s as doe s 

the drive r who is  not ale rt. 

The dr ive r of an automob ile tends to sample rather than continuou s ly 

observe the viewing field.  Filmed records of drive r s !  e ye movements indicate 

a maximum rate of sampling of about 1 to 1 . 4  per second ( Cumm ing , 1 964) . 
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In such a task.  reaction t ime is  approximately O. 3 s econd s .  Th is time lag .  

according t o  Cumm ing ( 1 964) I I  
• • •  leads to the s trate gy.  in the development 

of a tracking skill,  of taking a preview of the reaction t ime . . . A s  the s kill 

develop s ,  it become s pos s ible to extract the constants ,  to allow for smooth­

nes s  and coord inat ion, and s o  to program further ahead than half a second. I I  

Sende r s , e t  a l  ( 1 967)  report that the numbe r of observat ions and the viewing 

t ime vary as  a function of the d iff iculty of the dr iving tas k  and the velo c ity  of 

the veh icle . Dur ing the sampl ing per iod , those  inputs that a re more attention 

demanding will be those  that are attended to and proce s sed furthe r .  The 

l imits of the human in proce s s ing that information are c r it ical in de s igning 

veh icle and r oadway s ystems for maximum safety. 

Traffic control dev ice s are a p r imary s ource of information for the 

dr iver.  The s e  device s are categorized a s  regulatory device s (e . g . , s igns , 

traffic l ight s ) .  warning devices (e . g . , railroad cros s ing flashe s ,  etc . ) ,  and 

are coded along dimens ions such as s ize , shap e ,  color and mes sage content. 

The devic e s  are coded both ind ividually and by groups .  For example , one 

g roup of current re gulatory s igns has rectangular s igns all of the same s ize 

w ith black lette ring appear ing on a wh ite background .  The y  are distingu ished 

from other categor ie s of s igns by the ir me s sage content. The way in which 

the s e  s igns are proces s ed by the driver will depend on whether or not he is 

close enough to read the me s sage whe n  he first s ight s  the s ign. If he is far 

away,  he in it ially may only be able to a s s ign it to a particula r  group of s igns . 

Thus , in the case of speed limit s igns , at far distanc e s  the s ituation is fir st  

one in which the dr iver merely categor izes  the s ign as a regulatory device .  

Whe n  h e  gets clos e r ,  h e  the n  can determine what the mes sage of that particu­

lar s ign is and take any action he deems ne ce s sary. We can contrast thi s  

s ituation w ith that of v iewing a stop s ign. In th i s cas e ,  the s ign repre sents a 

group ing w ith only one membe r.  Further,  the s ign is  coded on three dimen­

s ions ( shape . color and me s s age ) ,  any one of wh ich is suffic ient to identify 

the s ign as a stop s ign. Rob in s on ( 1 96 7 ) ,  in fact, reports that 8 7% of the 

dr ive r s  who stopped at a red,  octagonal s ign with the word TOPS on it neve r 

even noticed that the s ign did not read STOP. 
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Cons ider the speed with wh ich stop s igns can be identified ve r s us the 

speed with wh ich speed l im it s igns can be identified. It is reasonable to 

as sume that. if first s ighted at d istance s where the mes s age s cannot be read. 

the stop s ign generally will be ident ified sooner than will the speed l imit s ign 

s ince e ithe r  color or shape can be used  to identify the stop s ign. Howeve r.  

both dim.ens ions are required to identify the s peed l im it s ign. Because of the 

h ighe r  payoff a s s oc iated w ith dete ction and identification of a stop s ign. it is  

more l ikely that stop s igns will be  proce s s ed be yond the pre -attentive stage 

and thus  be r e sponded to than will speed l im it s igns . Even after the speed 

l imit s ign is  cate gor ized as  such .  the me s sage st ill must be read to identify 

the part icular type of s ig n  repre s ented. 

A study c onducted recently in Swede n  appear s to illustrate s ome effe cts 

on pe rformance of the value s dr ive r s  a s s oc iate w ith var iou s type s of s igns 

(Johans son and Ruma r .  1 96 6 ) .  The mea sure in this case was whether or not 

dr ive r s  could remember the information presented by a s ign the y  had just 

pas se d .  Five s igns were used.  The author s state that the s igns we re s im ilar 

as regards s iz e .  color . contra st.  form. etc . •  with the exception that one 

s ign (pre -warning for speed limit zone ) wa s c ircula r in shape wh ile the others 

we re triangula r .  The authors a s s umed that this  diffe rence was not c r itical in 

the inte rpretation of the results . The percentage s of dr ive r s  remembe r in g  

correctly the me s sages on the var ious s igns were a s  follows : 

1 .  pre -warning for speed l imit zone 

2 .  police control 

3 .  road surface damage 

4 .  warning (unspe c ified) 

5 .  pre -warning for pede str ian cros s ing 

78  per cent 

6 3  per cent 

5 5  pe r cent 

1 8  per cent 

1 7  per cent 

1£ we make the a s s umpt ion that all the s igns were seen.  and if we con ­

s ide r retention t o  b e  a n  indicant of the amount of proce s s ing rece ived. it would 

appear that the am.ount of proce s s ing each s ign r e ce ived is indeed related to 

its subject ive payoff value .  In a second part of the study . Johans s on and Rumar 

found that the mean pe rcentage of road s igns obse rved by five subj ects r iding 

a s  pas sengers on a tr ip of 1 65 m ile s wa s about 90 pe r cent of the s igns pas sed. 

77 



The only task of the s ubj ects was to obs e rve and report s igns .  Johans s on and 

Ruma r inte rpret the se  data a s  evidence for deficienc ie s in the effectivene s s  of 

the road s ign s y stem in imparting information to the dr ive r. The y  do not 

ind icate,  however ,  if all the subje cts tended to m i s s  the same types of s igns . 

Traffic control dev ice s  alone may not nec e s sa r ily produce an informa ­

t ion overload. However ,  when the se controls are added to the perceptual 

demands of d r iving tasks such as  awarenes s  of s peed,  direct ion and turning 

intent of other veh icle s ,  s uch controls may be come c r itical. 

Wh ile information ove rload may produce dange r s  for the dr ive r ,  infor ­

mation unde rload doe s not nece s sa r ily improve pe rformance . Information 

depr ivat ion may introduce s ome decrements in dr iving pe rformance,  e spe c ially 

on countr y h ighways at night when the view of the countrys ide is virtually e l im­

inated (Connolly, 1 96 6 ). Sende r s  ( 1 966)  as sume s that the proce s s ing mechanism 

operate s at full speed if it  i s  operating at all .  Serious unde rload ing results in 

the drive r '  s finding other things to do with the leftover capacity.  Thus , he  

may daydream or doze if not s uffic iently bus y  w ith the dr iving task. 

Based on field obs e rvations , it i s  obvious that the benefits of de s ign 

practice s de r ived from the data of laboratory studie s are often d iff icult to 

demonstrate in actual driving s ituations . Part of th is d ifficulty,  ce rtainly,  

s tems from measur ement problems . It is  d iff icult to dete rm ine just  what con­

s t itute s a reas onable and sens it ive meas ure of  the pe  rformance of a vehicle 

s y stem unde r fie ld conditions and even more d ifficult to develop means for 

obta ining that meas ur e .  W ith regards to traffic control device s ,  for example , 

s everal bas ic que stions exist. The s e  include : how well doe s the d r iver p e r ­

form i n  detecting and recogniz ing a part icular device unde r var iou s v iewing 

c ond itions ? Doe s he know and unde r stand the meaning of the device ? Whe n  

h e  sees  it and recognize s it , a r e  the re othe r factors pres ent wh ich will influ ­

e nce how he responds to the obj ective s of the device ? The factor of alertne s s  

s erve s to g reatly complicate the problem. 
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4 . 5  Task Load 

Several invest igator s have used perforITlance on a s e c ondary task as  

an indicant of  the attentional deITlands of  the dr iving ta sk. Brown and Poulton 

( 1 96 1 )  ITlea sured the " spare mental capac ity" of driver s  by having the m  per ­

form a secondary task in which the y were to idenfity a dig it which was changed 

in a succe s s ive series  of auditorily pre sented d ig it s .  The y  report an inc rease 

in e rrors a s  a function of increased vehicular and pede s tr ian traffic . Ch r istner 

( 1 962)  measured pe rforITlance on the dig it detection ta sk as a function of the 

input rate (numbe r of veh icle s pas s ed,  c ros s traffic , traffic s igna l s ,  pede s ­

tr ians ) and output rate ( s lowing,  stopp ing , swe rving , chang ing lane s ) .  She 

c oncluded that the d ig it detection ta sk was not a very sens it ive indication of 

drive r informat ion proce s s ing load. Brown , Tickner and S immonds ( 1 966)  

found that prolonged dr iving had a neglig ible effect on a s econdary task in 

wh ich the subj e ct res ponded to a tone with a naITle of a m onth sele cted by him 

at random. In l ight of a study reported by Pete r s on ( 1 96 9 )  regarding perform­

ance of concurrent act ivit ie s ,  the s e  result s  are not at all  s urpris ing. 

Brown, S immonds and T ickne r ( 1 96 7) dis cus s a program of r e s earch 

a ime d at determining the effects of prolonged driv in g  on pe rformance .  The y  

conclude that performance need not be adve r s ely  affe cted by long per iods s pent 

in virtually continuous driving.  Pe rformance ITlea sure s included c ontr ol 

changes and vehicle moveITlent. In th is  program, subj ects drove almost con­

t inuously for pe r iods up to 12 hour s .  Pe rformance on a s ubs idia r y  ta s k  var ied 

depending on whether the task was m a inly pe rceptual or m otor in nature.  Vig­

ilance improved s ignificantly dur ing the pr olonged period of driving. Brown 

et al hypothe s ize that prolonged dr iving may re sult in autoITlat ization of control 

skills thus  reduc ing the load on the dr ive r and allowing him to focus  more 

attention on the pe rceptual vig ilance task.  Th is hypothe s is is supported by 

other data wh ich indicate that the more ove rlearned,  com patible and automatic 

the relation between the information inputs and re s pons e ,  the le s s  effe ct 

inc reased informat ion load has on pe rformance ( Broadbent and Gregory,  1 96 2 ;  

TreisITlan, 1 96 9 ) .  Some r e s ea rche r s  have hypothe s ized that the subj e cts proc­

e s s  ove rlearned and s imple information in a parallel rath e r  than s equential 

m anner (Ne i s s e r ,  1 96 7 ;  Peterson,  1 96 9 ) .  
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Brown et al ( 1 967 )  s ugge st that change s in performance ove r long 

per iods  of t ime may be due to change s in phys iological activation mea s ured 

by changes in oral temperature s over the dr iving per iod. As they note , 

howeve r ,  dr iving time and chan ge s  in phy s iolog ical activation s  we re c onfounded 

in the ir study, hence ne ither hypothe s is is clearly supported by the data . It 

is also p o s s ible that motivational cons ide rations were a factor in the ir re sults . 

In any e ve nt Brown et al  point out that the change s in performance typ ically 

a s s oc iated w ith prolonged dr iving in othe r studie s ( Crawford, 1 96 1 ,  reviews 

many of the s e )  is relatively small compared to the degradation in pe rformance 

res ulting from lack of sleep ( W illiams, A rdie and Goodnow, 1 95 9 ) .  Ch ile s ,  

Allu i s i  and Adams ( 1 968)  als o  r eport c ir cadian per iodic itie s  in pe rformance 

(retention t ime , response latency) that parallel pe r iodic ities found in puls e  

rate and temperature .  They a l s o  found that h ighly motivated s ubj ects did not 

demonstrate the se change s in pe rformance on the tasks used in the ir stud ie s .  

In the case of the work reported b y  Brown e t  aI , it i s  apparent that 

condit ion s  of informat ion proce s s ing ove rload e ither were not be ing encoun­

te red or we re not be ing me a sured. S ince ove rload condit ions do occur in 

d r iving , the effects of prolonged driving on the capab ility to handle informa ­

t ion ove rload condit ions or in indu c ing d istracted or inattent ive dr iving 

behavior st ill have not been determ ined. 

4. 6 Long- Term Dr iving 

H erbe rt and Jayne s ( 1 964) have collected some data on the de c rement 

in ce rta in dr iving skills s uch a s  backing , parking or precis ion steer ing that 

occur following var ying pe r iods of cross  - country dr iving of off- road veh icle s .  

Dur ing nine hour s of dr iving the y  found p rogre s s ive deter iorat ion in the te st 

pe rformance of s ubje cts measured at po ints from zero to seven hour s ,  and a 

s l ight improvement ( l lend spurt" ) at n ine hour s .  

Greensh ields ( 1 966 )  used the Greenshield s -Platt "Drive ometer "  to 

measure "fatigue " a s soc iated with long term thruway d r iving.  Th is device 

records a numbe r of dr iver activit ie s ,  including ste e r ing wheel  reve rsal s ,  
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accelerat ion rever sals and brake appl ication s .  Speed change ,  trip t ime and 

r unning t ime also are recorded. Greenshields reports the re sults of a p ilot 

study from which it was concluded that the "Dr ive omete r l t  is sens itive enough 

to se rve as a m on itor of change s in dr iving behav ior a s s oc iated with dr iving 

t ime . Most of the change in dr ive r activity wa s noted in the numbe r of ste e r ing 

whe el reve r s al s . Drive r s  tended to reduce the nUlTlber of steer ing wheel 

reve r s al s  as  dr iving t ilTle increased.  Change s in speed als o wer e  noted. 

Accele rator reve r sals and brake applications showed no s ystemat ic change s 

over t ilTle . Howeve r ,  a s  t ilTle on the road incre a s e d  s ome dr ive r s  showed a 

decline in the number of response s to h ighway and traffic events . Change s in 

pe rforlTlance We re greate r when the driving task was made lTlore diff icult as , 

for example , whe n  the dr ive r was attempting to lTlainta in a constant s peed and 

tracking pos ition on the road. 

Ryan and Warne r ( 1 9 36) me a sured pe rformance as a funct ion of pr olonged 

dr iving. After a full day of driving , the y found degradations in performance 

of te sts of steadine s s ,  coordination, reaction t ilTle and other such functions . 

Cogn itive performance , a s  lTleasured by a color naming test ,  wa s most 

affe cted.  

Laue r and Suhr ( 1 95 9 )  invest igated the effe cts of re s t  pau s e s  on dr iving 

pe rforlTlance . They found that performance on a nUlTlbe r  of tas ks was adver sely 

affected when rest  pau s e s  we re not g iven .  Measure s that showed a perforlTl­

ance deg radation included reaction time to a red l ight presented on the instru ­

lTlent panel ,  s ide -to- s ide sway , late ral placement and obs e rve r evaluation of 

overall dr iving pe rformance .  On the othe r  hand , accelerator movelTlents , 

b rake appl ication s ,  dr iving t ilTle and speed control delTlonstrated no change s 

a s s oc iated with the pre sence or absence of re st pau s e s .  

4. 7 Lack of Sle e p  

W illiams et a l  ( 1 95 9) studied th e  effects o n  variou s  v ig ilance tasks of 

72 to 98 h our s w ithout s leep .  On a s ubj e ct - paced task,  the y  found that los s  

of s le e p  r e sulted in increa s ed error s . 
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Harr is ( 1 960 )  studied the effe cts of 60 hours of s le ep depr ivation on 

hand and leg control movements . In a ta sk requir ing both manipulation of 

controls and movements from one control to another , he found that the dura­

t ion of  the manipulation movements tended to decrease with s leep los s but that 

the duration of movements from one switch to anoth e r  tended to increa s e .  

Speed of dis crete leg movements showed a decrease dur ing the s leeple s s  

per iod . Critical fus ion frequency ( CFF) showed a de crea s e  with sleep los s .  

4 .  8 Amb ient Temperature 

Burs ill ( 1 95 8 )  found that an inc rease in ambient tempe rature resulted 

in a reduced re s ponse rate to visual s ignals pre s ented per ipherally to s ub­

jects primar ily engaged in a tracking task.  Peple r ( 1 95 8 ,  1 960)  also reports 

performance degradation under conditions of h igh ambient tempe rature . 

4. 9 Noise 

Grimald i ( 1 95 8 )  inve stigated the effects on a patte rn tracking tas k  of 

noise  rang ing in level from 70 to 1 00 db and rang ing in frequency from 75 to 

to 9600 H z .  He found that both res pons e time and e rror frequency we re 

adve r s ely affected by an increase in noi s e .  The greate st dec reme nts occurred 

in the reg ion of 2400 to 4800 Hz. Jer ison ( 1 95 7) found that an increment in 

nois e level from 8 0  db to 1 00 db re s ulted in de gradation in pe rformance on a 

visual vig ilance task and in the est ituation of a ten m inute interval. Peple r 

( 1 9 6 0 )  found that a background of quiet s peech resulted in an increa se in 

errors  on a pur su it track ing ta sk. 

Baker ( 1 963 )  theor ized that h igh level interm ittent noise would r e sult 

in a greate r de crea s e  in vig ilance p erformance than would continuous nois e .  

He bas e s  th is rationale on the h ypothe s is that, ba sed o n  immediate pa st 

exp e r ience , subjects develop an expectancy with regard to the future occurrence 
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of s ignals . U nde r this  hypothe s is ,  intermittent noise serve s to de g rade p e r ­

formance b y  reduc ing the nUITlbe r of expe ctancy confirITlation s .  

A cont rary  view i s  that inte rm ittent noise can ma inta in o r  inc rease 

alertne s s  through an l arousal '  function ( Kirk and He cht, 1 96 3 ;  Te ichner,  

Aree s and Re illy,  1 96 3 ) .  McCann ( 1 969)  te sted p erforITlance on a v ig ilance 

task under moderate levels of both noise  condition s . The task of the s ubj ects 

was to detect d is crepancies  betwee n  nUITlber s  on a che ck l i st and thos e on 

an audio pres entation. McCann reports a s ignificant increa s e  in OITl is s ion 

e r rors  unde r the interITl ittent noise  condition. H e  attributes thi s  degradation 

in pe rforITlance to d is ruption of the expectancy forITlation proce s s  by the inter­

ITl ittent noise.  However,  thos e  s ubjects in the group which rece ived the 

interITl ittent noi s e  condit ion in the last of three 2 0 - ITl inute s e gITlents (quiet, 

c ontinuou s noi s e ,  interITlittent nois e )  ITlade ITlany ITlore error s in that 

condition than d id subj ects who rece ived the interITlittent noise  condit ion in 

the second segITle nt (quiet, intermittent nois e ,  continuous noise ) .  In fact, 

the latter group made fewer e rrors in the inte rmittent noise condit ion than 

the first g roup ITlade in the continuous noise condit ion. The y  also made more 

e rrors in the intermittent condition a s  compared to the continuous and to the 

quiet conditions in which the ir performance was qu ite s im ilar .  

Teichner e t  a l  ( 1 96 3 )  sug ge st that nois e h a s  both arousal and d istrac ­

tion propert ie s ,  the operation of which depends on the adaptation level of the 

s ubject and the on- off ratio of the s ound. Unde r this  h ypothe s is ,  both con ­

t inuous and inte rITl ittent noise can s e rve to degrade o r  fac il itate pe r!orITlance .  

Te ichner e t  a l  found that noise pre sented at an on- off ratio of 70% at a level 

of 1 00 db had no effect on s ignal detection. The y  conclude that , under the s e  

condit ions . the arousal and distraction efiects cancel each other.  Warner 

( 1 969)  found no change s in dete ction time at noise levels of 8 0 ,  90 and 1 00 db . 

b ut the total numb e r  of detection e r rors de c reased a s  the noise level increased.  

H e  inte rprets the s e  re sults as  demon strating a faci litative effect in that the 

degree of flexib il it y  of attention is increased.  
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Brown ( 1 96 5 )  found that when dance :mus ic wa s p laying on the radio 

subj ects reduced the frequency w ith which the y  used  the accele rator and brake 

pedals in l ight traffic.  In heavy, traffic , they tended to dr ive slowe r.  

Konz and Mc Dougal ( 1 968 ) :measu red dr iving pe rfor:mance us  ing the 

Greensh ields - Platt Dr iveo:mete r unde r conditions of no :mus ic ,  s low :mus ic and 

T ijuana B ra s s  :mus i c .  In l ight traffic condition s , subject s  tended to d rive 

faster in the :mus ic condit ions than in the no-:mu s ic condition.  Dur ing the 

T ijuana Bra s s  :mus ic condition, drivers used :more accele rator :move:ment 

than dur ing the other two conditions . Howeve r ,  the change s in perfor:mance 

we re s l ight and the authors conclude the practical s ignificance of the results 

is  not c lear . They conclude that the change s obse rved cannot be defined a s  

e ithe r  benefic ial  o r  har:mful without :more res earch. 

4. 1 0  Ele ctrophys iolog ic Mea s ures  

So:me atte:mpt s  have been :made to  correlate alertn e s s  with electro­

phy s  iolog ical :meas ures .  Suenaga , Goto and Suenaga ( 1 96 7) reported that as  a 

group., bu s dr iv'e r s  involved in <lcc idents tended to have EEG 1 s  wh ich d isplayed 

a do:minant alpha wave . Bergey et al ( 1 967)  also reports preli:m inary work 

on use  of EEG as an indicant of ale rtne s s .  The s e  studies are inte resting but 

:much :more work is requ ired in th is area.  

Lec rett (pe r s onal co:m:munication 1 96 9 )  perfor:me d an on - r oad study in 

wh ich change s in occip ital EEG, GSR ,  heart rate and c e rv ical EMG we re 

rec orded dur ing long - duration dr iving. The f inding s in th is study reveal 

change s in all of the above w ith dr iving t i:me. Unfortunately no :measures of 

driving pe rfor:mance were taken,  so it i s  not pos s ible to correlate the s e  

re sults with degradation in dr iving perfor:mance due to decreased ale rtne s s . 

With re gard to the use of phy s iolog ical measures as ind ices  of constructs such 

a s  alertne s s or stres s ,  Miller ( 1 96 9 )  aptly points out that many of the s e  

ind ice s repre s ent :mea sures of cla s s ically cond it ioned autono:m ic response s .  

A s  such the se me asure s :may be stable within s ubjects but show l ittle between­

subje ct com:munality. The refore ,  while any :measure or set of :me asure s of 
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phys iolog ic function could be re liably correlated with ale rtne s s  in a s ingle 

individual , mea s ure s wh ich are ac curate accross  individuals are much le s s  

l ikely . 

4 .. 1 1  Recapitulation of Literature Review 

4. 1 1 .  I Attention and Information Proce s s ing 

The var ious  mode l s  of attention and information proc e s s ing 

have certa in features in common. Most of the models a s sume that ce rta in 

items can be p roce s sed in parallel but that focal attention is  s e r ial and 

re str icted to one item at a t ime . Concur re nt act ivit ie s  are handled through 

rapid switching from one activity to anothe r or through proce s s ing the items 

at diffe rent levels . For example , in Ne is se r l s m odel,  ce rta in items can be 

proce s sed at the pre -attent ive leve l when focal attention i s  be ing directed 

e lsewhe r e .  The major d ifference in the var ious models is whether attent ion 

and subsequent analys i s  are a totally pas s ive oper at ion, or whether an active 

component exists in which s ome form of analy s i s  by s ynthe s is is an important 

mechan ism of the proce s s ing .  The ar guments for an active or constructive 

form of proce s s  ing are more attract ive , but the i s s ue ce rtainly is not yet 

settled . 

The model depicted in F igure t 1 repre se nt s  a gene ral mode l of attention 

which can be applied to the problem of dr iver ale rtne s s .  The model is pat­

terned primar ily afte r Ne i s s e r l  s model (Ne i s s e r  1 96 7) .  The conce pt of 

pe rtinence forwarded b y  Norman ( 1 969)  is included in the model.  Ne i s s e r  

a l s o  included s uch factors in h i s  model and he dis cu s s e s  the importance of 

context and expectations to analys is  b y  s ynthe s is ,  part icularly in verbal 

mater ial whe re grammatical rule s are c r it ical. Ne isser  empha s ize s  the 

importance of backg round proce s s e s  in provid ing frame s of refe rence or 

cogn itive s tructures which are used in the constructive act ivity of attention 

and recall. Organizational factor s ,  s uch a s  those  p rovided by the rule s of 

grammar and by rh ythm, are p r imary factors in the proce s s ing of informa ­

tion. 
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In applying thi s  mode l  to drive r ale rtne s s ,  it i s  apparent that many of 

the activit ie s common to driving can be conducted at the pre - attentive level. 

As the drive r be come s more expe r ienced and s killful ,  he can allocate more 

and more of the se  routine , me chanical activit ie s  to the pre -atte ntive me ch ­

an ism s .  Th is is  effic ient on h is part, for he can then pe rform the se activitie s  

in parallel ,  i .  e . , independently of each other ,  and thus  free h i s  attention 

mechanisms for other more c r it ical or more interest ing act ivitie s .  When 

the dr iver focus e s  h i s  attention on s omething ,  he exclude s cons ide ration of 

any oth e r  inputs until that input is proces sed and transferred out of the ve ry 

short-te rm sens ory store into a more pe rmanent store . The guided move ­

ments of dr iving and occa s ional redirection of his  attention continue to be 

handled at the p r e -attentive level .  

It must be emphas ized that the pre-attentive me chani sms can perform 

only crude , hol istic analyses  of information inputs , and the probab il ity of 

m is identify ing an input is relat ively h igh . The pre - attent ive me chanisms 

operate in a global way and s ubtle differences or change s  in the inputs may 

go unrecognized. The dr ive r who has dr iven the same route every day for 

years and has be come so fam il iar with the road s igns along the way that he 

only monitors them at the pre - attent ive leve l is not ve ry l ikely to notice a 

c r it ical change in a s ign unle s s  that change is  quite marked. On the other 

hand, the driver who is dr iving that route for the first  t ime probably will be 

focus ing much of h is attent ion on the road s igns and will correctly identify 

the s ign in que st ion. In th is  cas e ,  the re is  a danger that he may mis s other 

important inputs , such a s  a stop l ight , because he has directed his  attention 

toward the s igns . 

4.  1 1 . 2 De cis  ion Making 

The concepts of s ignal dete ction the ory are important to dec i­

s ion making in that they provide a means for cons ide r ing the effects of rewards 

and costs on performance .  Motivation clearly is a c r it ical factor in the per­

formance of drive r s .  Wh ile pract ically no re s earch d irectly applicable to 

dr ive r ale rtne s s  has been conducted unde r th is paradigm, it is apparent that 
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the bas ic concepts of th is approach would hold cons iderable Aromise  for 

dr iver r e search .  The dr iver who contemplate s breaking the speed l imit cer­

ta inly cons ide r s  the costs  as soc iated w ith pos s ible apprehens ion by the police 

and the rewards as s oc iated w ith arr iving at h i s  de stination s oone r .  Pre c is ely 

how such factors in a pay- off matrix affect the de cis ion c r ite r ia and pe rform­

ance of dr iver s  is  not yet known, but the ba s ic conce pt provide s a model 

under which exper imentation could be conducted. 

4.  1 1 . 3 V ig ilance 

The re sults of the expe r iments on vig ilance typ ically indicate 

a dec reme nt in performance ove r extended per iods of time . Re s t  paus e s , 

loud noi s e s  and other such events can effect a temporary return to a h igher 

level of performance.  Motivat ion is c r itical in the se  s ituations and can 

g reatly affect pe rformanc e .  Some s ituations ( e .  g . , driving at n ight on a 

straight road with ver y  l ittle traff ic)  approx imate the laborator y  condit ions 

in many re spects , but most d riving s ituations bear only a l im ited res em­

blance to the laboratory vig ilance s tud ie s .  Gene ral ization to dr iving s ituat ions 

thus  is l im ited .  In s ituation s  wh ich are not s o  intr ins icaHy bor ing and devoid 

of information inputs as  are the vig ilance studies ,  the progre s s ive decrement 

in vigilance pe rform.ance over t ime i s  le s s  l ikely  to oc cur. 

4.  1 1 .  4 Appl ications 

The lack of an underl ying theory  or model has weakened much 

of the existent applied research on dr ive r alertne s s .  Too often, what theory 

is gene rated is str ictly ad hoc and is seldom te sted in a more complete expe ri­
ment. Thus ,  much of the applied data in th is area  is  fragmentary and 
preliminary in nature , and has yet to be expanded upon. Some of the rea s ons 
for th is inadequacy l ie in the natu re of the problem. As was noted in the 
d i s cu s s ion on vig ilance , it is often ve ry difficult to conduct studie s in the 
laboratory wh ich can be appropr iately gene ral ized to fie ld operations . Con­
ve rsely ,  it is  often ve ry difficult to conduct a field study wh ich adequately 
te sts the theorie s  gene rated in the laboratory.  In studies  of alertne s s ,  for 
example , it is nece s sary  for the subj e cts to be in a dr iving s ituation for 
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relat ively long per iods of t ime. To be a val id te st .  the dr iving s ituat ion 

should be a s  realistic a s  pos s ible . The diff icult ies in e stablish ing such con­

dit ions without undue dange r  to the subj e cts  and without confounding of the 

data because  of the uncontrolled factors in that s ituat ion a re cons ide rable . 

In gene ral. those applied s tudie s wh ich are pertinent to the atte nt ion 

m odel d i s cus sed above tend to s upport that model .  It is apparent that a s  

dr ive r s  become more experienced o r  famil iar  with a particular act ivity the y  

tend to relegate th is activity to the pre -attent ive level.  Howeve r .  the studie s 

on environme nta l factor s  and long -te rm dr iving p rovide evidence that some 

attenuation of the inputs may also be taking place . For example . the s leepy 

driver or  overheated dr ive r  shows le s s  res ponse to s ignals at the pre ­

attentive level than doe s the wide - awake and alert dr ive r .  The importance 

of such factors as r e st paus es  and extraneous mot ivating inputs in ma inta in ing 

alertne s s  a re evident. 

In te rms of future r e s ea rch. two factors  seem to be c r itical. First ,  

the factor of real ism is  c r it ical in the conduct of both laboratory and field 

studie s .  Motivational cons ide rations in particular a re vital to an unde r stand­

ing of dr ive r pe rformance and too ofte n a re totally ignored or  at least  not 

manipulated in most dr iving studie s .  On the bas is of laboratory studie s ,  it 

is appa rent that s uch factor s cannot safely be ignored. The s e cond factor has 

to do with the e stabl ishment of a the oret ical base or ba ses  on which to de s ign 

and conduct applied stud ie s .  A sh ift from applied stud ie s in which data are 

collected to te st features of some theoretical paradigm seems h ighly de s irable . 
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5 .  APPENDIX B - SAMPLE CONS ENT FORM 

CONSENT FORl\.! 

D e s c r iption of the res ear ch s tudy inc luding s ervices of subje cts and 
conditions under which the y  will be performed: 

As a part of a CAL proj ect inves tigating driver alertnes s it is 
nece s s ary to evaluate the effect of the following on dr iver performanc e :  

1 .  Duration o f  drive . 
2 .  Information availab le to the dr iver . 
3 .  Vehicle noi s e  leve l .  
4 .  U s e  of an automatic s peed control .  

In orde r to e valuate the s e  effects I s ubjects are r equir ed to drive the 
CAL dr iving s imulator for five hour s .  During this time the following will be 
measured: 

1 .  Pos ition accur acy.  
2 .  Y aw .  
3 .  Steer ing wheel  movements . 
4 .  Acce lerator movements . 
5 .  Electroence phalograms . 
6 .  Electromyograms . 
7 .  Galvanic s kin res pons e . 
B .  Complex re action time . 
9.  Vigilance . 

The measurement of var iable s  5 , 6 , 7 w ill requir e the u s e  of s urface 
r ecording ele ctrode s .  This type of e lectrode is comfortab le ,  s uitable for 
long-term use (up to 4 B  hour s )  and provide s for good recording . 

Date 

I c e rtify that I under stand the re s earch 
de s c r ibed above and am aware of the nature of 
my participation in it . I he reby agree and c on­
s ent to s e rve as a s ubject in that s tudy.  

Signature 

or 

S ignature of Parent or Guardian 

90 
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6 . APPENDIX C - Tabled S ubj e ct Performance Data 

TAB LE 7 

MEAN INTEGRA TED ABS OLU TE ROAD POSITION ERR OR x TIME 
• 

PERIOD TASK COMPLEXITY 

(M inute ) LOW MODERA TE 

Low Mode rate H igh Low Mode rate H igh 

1 - 30  3 .  76 3 . 3 3  3 . 5 2  4 .  1 0  3 . 5 8  3 . 62 

3 1 -60  4. 28  3 . 76 4 .  1 0  5 . 48 4 . 3 7  4 . 54  

6 1 - 90 5 . 36 4 . 65  4 . 27  6 . 43  4 . 8 7  6 . 02 

9 1 - 1 2 0  5 . 90 5 . 25 5 . 32 6 . 40 5 . 0 3  7 . 22  

1 2 1 - 1 50 6 . 5 5  6 . 1 0  5 . 97 6 . 4 7  4 . 92 9 . 3 3  

1 5 1 - 1 8 0  6 . 88  6 . 40 4. 1 8  6 . 5 5  4 . 8 3  1 1 .  74 

1 8 1 - 2 1 0  7 . 26 7. 5 9  4. 2 3  7 . 4 7  4 . 98  1 2 .  74 

2 1 1 - 240 8 . 84 7 . 8 3  6 . 46 8 . 04 4 . 89  1 1 .  98  

" 

TAB LE 8 

MEAN 2 °  S TEERING WHEEL REVERSALS x TIME 

PERIOD TASK COMPLEXIT Y 

(Minute ) LOW MODERA TE 

Low Moderate H igh Low Mode rate H igh 

1 - 30  2 0 . 6 1  2 2 .  70 24 . 5 7  1 8 .  1 7  1 9 . 43 2 0 .  72 

3 1 - 60 1 8 .  3 1  2 1 .  22  2 1 .  39  1 6 . 8 4  1 7 . 6 9  1 8 . 86 

6 1 - 90 1 7 . 5 6  2 0 . 50 2 1 .  6 1  1 6 . 77  1 6 . 1 5  1 7 . 5 7  

9 1 - 1 20 1 8 . 68 1 9 . 30 2 1 .  2 9  1 6 . 49 1 6 . 48 1 8 . 06 
.... 1 2 1 - 1 5 0 1 6 . 43 1 7. 6 1  2 1 . 45 1 6 . 4 1  1 6 . 28  1 6 . 4 7  

1 5 1 - 1 80 1 6 . 1 3  1 8 .  73 2 2 . 76 1 6 . 42 1 7 . 1 8  1 6 .- 3 6  

1 8 1 - 2 1 0  1 5 . 77 1 7 . 5 5  2 0 . 2 7  1 5 . 65  1 6 . 54  1 2 . 77  

2 1 0 R 240 1 6 . 1 7  1 6 . 02 1 9 . 8 3  1 6 . 6 7  1 6 . 39 1 5 .  1 5  
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TA B LE 9 

MEAN INTEGRATED A BSOLU TE VELOCITY ERROR x TIME 

P ER IOD NOISE LEVEL ., 
(M inute ) Low Moderate H igh 

1 - 30  3 . 02 4. 1 8  4. 5 0  � 
3 1 - 60 3 . 7 3  5 . 0 9  4. 1 5  

6 1 - 9 0  3 . 95 3 . 5 3  4. 6 7  

9 1 - 1 20 4. 3 6  3 . 5 2  5 .  1 7  

1 2 1 - 1 5 0  5 . 0 9  3 . 8 1  3 . 85 

1 5 1 - 1 8 0 2 . 98  3 . 1 6  5 . 3 0  

1 8 1 - 2 1 0  3 . 30  4. 44 5 . 29  

2 1 1 - 2 40 2 . 9 1  5 . 40  6 . 3 8  

TABLE 1 0  

MEAN RESPONSE LA TENCY TO RAMP S TIMU LUS 

Measurement LOW TASK COMPLEXITY MODERA TE TASK COMPLEXITY 

PERIOD NOISE LEVEL NOISE LE VEL 

(M inute) Low Moderate H igh Low Mode rate H igh 

2 5 . 8 6  8 . 5 3  1 3 . 03 6 . 7 5  7 . 66  3 . 9 3  

28 6 . 5 7  7 . 74 9 . 5 6  7 . 09 7 . 60 8 . 92  

40 6 . 3 3  9 . 07 9 . 40 7 . 06 7 . 29  7 . 95 

59 6 . 5 5  8 . 40 9 . 25 8 . 9 0  7 . 9 7  1 0 . 77  

89  6 . 75 8 . 46 7 . 37 7 . 90 7 . 78  7 . 92  

1 00 7 . 3 1  2 . 1 0  7 . 04 8 . 07 7 . 5 8  7 . 92  

1 08 6 . 45 7 . 0 1  6 . 94 7 . 20 7 . 1 8  8 . 5 0  

1 1 9 7 . 70 8 .  1 5  8 . 64 7 . 6 2  6 . 8 7  7 . 79 

1 3 9 7 . 72  7 . 6 9  8 . 5 2  7 . 27 7 . 25 7 . 36 

1 5 0  7 . 5 5  7 . 66  6 . 84 7. 05  6 . 96 7 . 28 

1 70 5 . 74 6 . 45 6 . 90 6 . 68 7 . 2 5  9 . 74 

1 78 7 . 8 6  7 . 49 7 . 07 8 . 0 3  7 . 1 8  7 . 94 � 
1 88 5 . 5 2  8 . 7 3  6 . 70 6 . 69 6 . 8 3  9 . 64 

... 

1 99 5 . 7 0  6 . 92  6 . 93 7 . 98  7 . 6 1  1 0 . 88  

208 6 .  1 6  7 . 2 1  7 . 98 6 . 64 8 .  1 0  7 . 8 0  .. 

220  7 . 35 8 . 64 8 . 55  5 . 8 3  6 . 95 9 . 86 

240 6. 68 7 . 6 5  7 . 3 1  7 . 70 8 . 34 8 . 62 
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TABLE 1 1  

MEAN IN TEGRA TED ABSOLU TE POSITION ERROR DURING BLOWOU T  

T ime of 
Occur rence 

(M inute s )  

1 8  

79 

1 5 9  

228  

P ERIOD 

(Hour s )  

1 

2 

3 

4 

LOW TASK COMP LEXITY HIGH TASK COMPLEXITY 

NOISE LEVE L  NOISE LE VEL 

Low Moderate H igh Low Mode rate H igh 

2 . 5 3 . 5 3 . 0 4. 0 6 . 0 2 . 0 

4 . 0 3 . 0 5 . 0 5 . 0 5 . 0 6 . 5 

3 .  5 5 . 5 5 . 5 3 . 0 5 . 0 2 . 5 

1 4 . 5 3 .  5 6 . 5 5 . 5 4 . 5 2 6 . 5 

TABLE 1 2  

MEDIAN FREQUENCY OF A LPHA BURS T OCCURENCE 

LOW TASK COMPLEXITY MODERATE TASK COMPLEXIT Y 

NOISE LEVEL NOISE LEVEL 

Low Mode rate H igh Low Mode rate High 

. 00 1 .  75 1 .  75 3 . 25 . 5 0 3 . 25 

1 .  00 2 . 00 1 .  25 3 . 00 2 . 25 4. 75 

1 .  75 2 . 75 4 . 75 3 . 00 1 .  5 0  3 . 25 

1 .  50 2 . 75 3 . 00 6 . 00 1 .  5 0  8 . 5 0  
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