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ABSTRACT

The problem of driver drowsiness is discussed.
The literature on drowsiness itself and that.on driver 
drowsiness are reviewed.

The purpose of the thesis is to find a suitable, 
stimulus for use in relieving driver drowsiness and to test 
that stimulus by experiment. In addition, an analysis of 
the response variables used as criteria of driver drowsi
ness Is given.

An' experiment is designed using 'smelling salts as 
a stimulus with a placebo having the same odor as a control 
stimulus. Three criteria of drowsiness were used: accelera
tor pedal reversals, steering wheel reversals, and respira
tion rate.

The conclusions reached are: (a) the three criteria
measured In counts per minute are not suitable as criteria 
for drowsiness, and (b) assuming that depth of respiration 
is a good criterion of drowsiness, smelling salts is effec
tive ■ in relieving drowsiness for a very short period of 
time. More intense study of depth of respiration as a 
criterion of drowsiness Is suggested.



CHAPTER 1

DROWSINESS, THE VEHICLE OPERATOR, AND THE SYSTEM

As the Interstate Highway System nears completion 
through the United States, more attention must be directed 
to the problem of keeping alert while driving„ Kearney 
(1966) stated that "on virtually all of the major turnpikes, 
"driver alseep0 ranks well ahead of speeding as a major 
cause of fatalitities„ In one year the Ohio Turnpike 
charged 50 percent of its fatalitites to this cause*91 Prior 
to Kearney"s book, Nader (1965) had discussed this problem* 
In fact, Nader did more than "discuss69 the problem, he 
indicted the engineering profession in general and the auto«= 
mobile engineers in particular for their passivity in this 
area*

The problem'is this; Automobile technology has pro= 
grossed very rapidly since the 19000so In fact, it has 
progressed to such a degree that the driving "task" is less 
of a task with every new model off the assembly line* Auto™ 
mobiles have power steering and power brakes, high quality 
shock absorbers, smooth riding tires, very comfortable 
interiors* They have become very similar to the driver0s own

1
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living room, with "all the comforts of home". In addition, 
multi=lan@ high speed highways have become smooth, straight, 
limited®access roads.

Because of the comfort of -vehicle, its ease of 
handling, and the characteristics of high (speed highways, 
many drivers fall "asleep". Intuitively, one might think 
that the driver who falls asleep is one who has driven for 
long hours. However, McFarland (1954) stated that "contrary 
to what one might expect, ...most driver=>asleep accidents 
occur after being at the wheel for a few hours only."

If a driver feels sleepy after having driven for 
many hours, his obvious solution is to stop and get some 
sleep. On the other hand, if a driver has only been at the 
wheel for a short time, he should be "rested" and "alert". 
What can such a driver do when he begins to feel drowsy?

The primary objective of this thesis is to add to 
the accumulating information required for an answer to that 
question. Before beginning the attempt, it would be well to 
discuss the problem a bit further. The engineering profes® 
sion has been indicted for failure to consider the trans® 
portation "system". They have developed superior automobiles 
and superior highways, but they have not sufficiently eon® 
sidered the -driver of the vehicle. The systems approach, in 
which an area Under study is considered as a complete system 
encompassing all phases of the operation to include the man,



the machine, and the interface, alleviates problems of 
omission such as this one„ All phases are considered. 
Obviously, the "system" in this ease will not function 
unless the driver is continually alert. Piatt and Fedderson 
(1964) commented; "man himself is the key to the operation 
for it is he who perceives and interprets the highway envi® 
ronment and then controls his.vehicle...." When the driver 
becomes drowsy, his perception and interpretation become 
hazy, and his actions become dangerous to himself and others.

The human factors point of view is not that man is 
the most important part of the system, but that he is an 
integral part of the system. If man tends to become drowsy, 
relief of his drowsiness must be found as an immediate 
remedy. After this temporary solution is found, further 
research must be carried out to determine the causes of 
drowsiness. Later preventive measures must be taken to re<= 
move these causes. This thesis' considers the first step in 
that direction. '

This paper was written to fulfill the following 
objectives;

1. To find a stimuli which shows promise as a 
means of reducing (relieving) drowsiness.

2. To test the hypothesis that this stimuli reduces 
drowsiness, by an actual experiment.
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3„ To Investigate the most feasible response vari=> 

ables to act as criteria for drowsiness*
In fulfilling these objectives, the phenomenon of 

drowsiness is discussed, the literature is reviewed, and an 
experiment is conducted and its results interpreted*



CHAPTER 2

THE PHENOMENON: DRIVER DROWSINESS

Forbes et al (1958) reported that driver drowsiness 
was indicated in 35 percent or more of the highway traffic 
accidents involving fatalities. In other instances, acci
dents have been analyzed and the conclusion reached that the 
operator®s capabilities were in a temporarily reduced state.

From the point of View of experience and behavior 
drowsiness itself is a succession of stages of sleep between 
definite sleep and wide-awaken@ss (Kleitman, 1963). It is 
characterized by a general feeling of lassitude, lagging 
attention, and loss of interest in the surroundings.

2.1. Physiological Aspect
From the physiological point of view the current 

theory of sleep and wakefulness is that there is a "wake
fulness center" in the brain, most likely in the diencepha
lon. The "wakefulness center" is probably directed by two 
sub-centers, (a) the hypothalamus and (b) the reticular for
mation, both of which are associated with the cerebral 
cortex.



6
2.1.1. Hypothalamus. The onset of sleep may be 

mediated by a section of the hypothalamus since damage to 
parts of it induces a sleep»like trance in animals (Oswald, 
1962). The exact mechanism by which the hypothalamus per
forms its function is uncertain. One theory is that it 
sends signals to the cerebral cortex, which sends signals 
back In response in a mutually stimulating fashion. With 
continual wakefulness, the coordination on the two fails, 
oscillations begin to become erratic, and the individual 
becomes sleepy. When the coordination is restored, arousal 
takes place, even if intense stimuli do not intervene.

2.1.2. Reticular Activating System. The reticular 
activating system extends within the central core of the 
brain stem from the medulla, through the tegmentum of the 
midbrain to the dorsal hypothalamus, and the thalamus, and
is composed of diffuse groupings of different types of cells
. ■ ' '4
with numerous fibres coursing in all directions. It appears 
to have the power to filter out sensory inputs, and thus 
could bring on drowsiness by reducing the power or range of 
incoming signals.' At other times, it passes inputs to the 
brain and produces a general alerting effect which maintains 
consciousness during the waking period.

The working of the reticular activating system and 
the mutual stimulation of the hypothalamus and the cortex



may be insufficient to maintain wakefulness in the absence 
of a normal amount of varying stimuli entering the cerebral 
cortex. Monotony, drabness or dullness of surroundings may
put one to sleep. On the other hand, if the cortex is 
unusually stimulated with problems arising out of anxiety, 
worry, or anger, the failure of the hypothalamic signals may 
not induce sleep even though all the external factors, such 
as darkness, quiet, soft bed, etc,, usually associated with 
sleep, are present. From the physiologleal point of view 
some activating neural center is quieting down in its
'
activities or losing its power to alert other centers when 
sleep occurs,

A problem in conducting an experiment on driver 
drowsiness is that the concept of drowsiness is not always
clearly separated from the concept of fatigue. Both fatigue

• '

and drowsiness are considered to impair the proficiency of 
an operator and thus in some measure overlap each other.
Some writers"emphasize one term, some the other. In this 
investigation fatigue as a "weariness from effort" is not 
important as long .as it does not lead to drowsiness. There® 
fore it is' necessary to come to a definition of drowsiness 
which on the one hand does not include fatigue as such, but 
yet on the other hand can encompass the causal effect that 
fatigue ossBjbtimes has upon drowsiness. We shall find that 
authors are not always clear in the distinction between the



two concepts but nevertheless the literature on fatigue 
needs to be considered to obtain some information about 
drowsiness.

2.2. Skill Fatigue
!Bartl©tti.(1953) proposed the following definition of 

fatigue;
Fatigue is a term used to cover all those deter=>, 
minable changes in the expression of an activity 
which can be traced to the continuing exercise of 
that activity under its normal operational cOndi= 
tions, and which can be shown to lead immediately 
or after delay9 to deterioration in the expression 
of that activity, or, more , siisply| to results with
in the activity that are not wanted.

He mentioned three psychological criteria of fatigue. First,
the most delicate criterion of change in activity due to the
continuance of that activity is increasing irregularity in
the interval timing of the successive items of performance
which must be repeated. The second criterion is the split™
ting up or disintegration .of the field of display, with its
consequence that the right actions are done at the wrong
time. Reports and complaints of localized discomforts, of
aches and pains, and constrained unpleasant posture, and of •
obstructed effort are the third criterion.

McFarland and Mosely (1954) comment that this type 
of fatigue, as defined by Bartlett, is characterized by per® 
fbrmance of the desired task, although not correctly unless 
particular care is taken. They also state; "The driver



tends to think he is doing better work, but actually his 
skill is getting poorer and poorer,91

Welford (1953) elaborated on the problems of measur
ing fatigue. He defined fatigue in laymen6s terms as a sub~ 
jective state following some kind of physical or mental 
strain. But, to the physiologist it is a reduction of re
pons e following more or less prolonged activity. The 
psychologist considers fatigue as some kind of change tak
ing place within the organism which is indicated by changes 
of feeling and behavior, but which does not strictly consist 
in them.

He goes on to say that the psychologist looks for a 
decrement in activity to indicate fatigue. But, very often 
the onset, of fatigue is not accompanied by a decrement of 
activity.

He cites three types of effect due to fatigue that 
the human operator might exhibit:

1, Simple performance; decrement occurs where the 
aspect of performance affected by fatigue can vary without . 
affecting other aspects, and where the task is.repetitive 
rather than serial, ■

•2, Disorganization of performance occurs where a 
higher organization of a task, breaks down, leaving the 
details without coordination or drive. This is character
istic of highly skilled work, x
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3e Cumulative disruption of performance occurs in 

serial tasks, where variation in the aspect of performance 
affected by fatigue affects other aspects, such as in paced 
tasks where demand for speed may effect accuracy under a 
condition of fatigue*

In addition, he contends that when the task is such 
that it can. be carried out in several different ways, and 
is not rigidly constrained to one, the decline of overall 
achievement is preceded by changes of method which compen
sate for the growing impairment of one part of the system by 
shifting the burden on to another. This phenomenon is noted 
in the driver when he suddenly increases speed, concentrates 
on precise tracking, checks his rear view mirror, and in 
general changes his pattern of driving for a time to relieve 
his impending drowsiness. Some drivers are also found to 
remove their right shoe or.to drive with the left foot on 
the accelerator to change their method ©f driving,

Wei ford goes on to .say that one of the most frequent 
causes of serious breakdown of performance at skilled tasks 
is a substantial slowing or increase of load on either the 
receptor or effector, causing a vicious circle situation.
For example;

1, In tasks such as steering of an automobile, the 
size of the error to be corrected at any point in time is a 
function of the time it takes to decide that a correction is
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necessary and to make the Correction, Any extension of this 
time means that the error requiring correction is that much 
larger. When the time taken to make the correction 
increases, the process.tends to-be•cumulative,' with each 
'subsequent error larger than the last, until, breakdown ’ 
occurs. This “breakdown” might be the occasion when the 
vehicle wanders off onto the shoulder and the operator over® 
corrects and moves the vehicle quickly through his lane and 
into the left lane, possibly causing a serious accident,

2, In performing the task, the subject builds up 
expectations about the type of signals and their time of 
arrival. He also decides what actions are appropriate to ■ 
meet them, ' Any slowing or decrease in accuracy of perfor
mance, or the intrusion of discomfort into his conscious
ness, will disturb these expectations and lead to longer 
reaction times. This may lead to a further disturbance of 
expectation,

Broadbent (1953) generally agrees with Welford, He 
states that the human sense-organs receive at any instant an 
amount of information which is greater than the theoretical 
limit that they can handle. This means that some part of a 
man8s surroundings is neglected. This part tends to change 
with prolonged exposure to a'situation. He mentioned experi
ments in which it was noted that certain kinds of work showed
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momentary interruptions of a second or two. As the work 
period went on the frequency of these momentary pauses 
increased,

. He further applies this principle to an automobile 
driver: ”,,,considering only this aspect of fatigue,,,$ one
would expect that a man who has been driving for many miles 
may handle his ear as well as a fresh driver as long as he 
has a clear road with good warning of any crisis; yet when 
a child steps off the curb suddenly and unexpectedly, he may 
not notice it," He also.says that if the information from 
the task itself is changing, there is less tendency to shift 
attention away from the task.

It is also noted that the simplicity of the driving 
task, particularly on a little=»trafficked, high speed high® 
way, tends to bring about a sense of boredom, Platt and 
Fedderson (1964) comment that: fatigue and lack of
stimulation, or monotony, favor a feeling of drowsiness 
which ordinarily precedes the onset of sleep,"

Bartley and Chute (1947) attempted to organize the 
scattered and contradictory items in the broad field of 
fatigue and impairment, Bartley (1965), in a sequel to the 
foregoing reference, analyzed fatigue and the conditions 
that produce it. He listed the following as agents reliev® 
ing fatigue; (a) relief of body discomfort (aspirin and 
analgesics), (b) improvementyof muscular activity (caffeine).
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(c) elevation of mood (drugs)9 and (d) improvement of meta
bolism in general (food intake). Fatigue in his view con
sists of the state of both mind and body. The driver must 
be properly nourished, comfortable, physically alert and in 
an attentive mood.

2.3. Mental Fatigue
Oswald (1962) speaking of mental lapses, states:

...episodes of light sleep can be extremely brief 
and cerebral vigilance can fall from a level in 
which alpha rhythm is present to one where the alpha 
rhythm is lost, for a matter of a few seconds, or a 
fraction of a second at a time. Brief episodes of 
this nature, with loss of alpha rhythm and a few 
low-vo It age slow waves, recur repeatedly in drowsi
ness. The individual may subsequently emphatically 
deny having slept.

He further reported that in. moments like these contact with 
reality and the direction of attention are definitely impair
ed. Indeed sometimes hallucinations arise. McFarland and 
Mosely (1954) report instances where a driver, fighting to 
keep awake, experienced hallucinations which were so real 
as to evoke ^appropriate” control reactions with disastrous 
results. They call the state when this occurs the "hypno- 
gogic state” since the diSiver is half awake and half asleep. 
It seems then,that a driver might be alert at one instant 
of time and asleep for a moment at the next instant.

McFarland (1962) states that fatigue affects the 
.efficiency of drivers, first by changing reaction times
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(right response, but at the wrong time), and later by a 
loss of the integrated quality of the field to which he is 
responding* In this later stag©, he reacts to only part of 
it* Certain stimuli predominate, whereas others may be 
ignored, and important responses are sometimes, omitted*

In addition to the fatigue, one builds up during the 
driving task, some researchers have concluded that the condi
tion of the driver prior to his drive is most important* In 
fact, some feel it is more important than that built up dur
ing the task*

Hast and Heimstra (1964) delved into the problem of 
pre-task factors as they affect fatigue in a vigilance task. 
They found that subjects - whose pre-vigilance test acitivites 
consisted of a mentally•fatiguing task (mentalmultiplication) 
missed significantly more vigilance signals than subjects 
who had not been mentally fatigued prior to the test,,

Crawford (1961) states that the definition usually 
given for fatigue is too narrow for describing fatigue in 
driving. Instead of “deterioration in the performance of an 
activity-as a direct result of being engaged in that activ
ity,” he feels the definition should be one including the 
possibility of drivers being fatigued from other causes when 
they start to drive. He considers that there are two inter
related aspects- of-the. .practical problems of driving and
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fatigue; the fatigue arising from driving, and the effect 
of fatigue, from whatever source, upon driving,-

It seems very reasonable that the driver8 s condition 
before he begins to drive.should have bearing on his perfor
mance, For this thesis, the driver8s actions prior to the 
test are specified in some ways for the purpose of producing 
drowsiness, so that it can be studied,

2,4, Stimulation and Arousal
Hebb (1955) speaks of two different effects of a 

sensory event. One is a cue function, guiding: behavior.
The second is the arousal or vigilance function. Without a 
foundation of arousal, the cue function cannot exist,
McBain (1963) agrees with Hebb8s “arousal hypothesis" and 
speaks of the monotony-or sameness- of the stimulation to 
which the subject is exposed. There is the failure to re
spond to what ordinarily would be responded to, and there is 
the frequent lack of awareness of the lapse in performance. 
Alertness and efficient response to the environment depend 
to a considerable extent upon the amount of stimulation 
change to "which the individual is exposed. If one is placed 
in a situation where there is little change, or where the 
changes which exist are highly repetitive, he will fail to 
respond to signals which ordinarily are adequate. Should 
the individual be overstimulated, a disrupted response
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pattern will usually resulte Alertness is found at some 
optimal level of stimulations between these two extremes.

In an earlier, experiment McBain (1961) studied the 
effects ion performance in a highly monotonous task of intro«= 
dueing stimulus changes irrelevant to the work involved.
The 30 subjects were required to hand~print seven pairs of 
letters repetitively in the same sequence. The printing was 
done on a paper tape which moved periodically, exposing only 
a small segment at a time. In one part of the tests subjects 
were required to push a switch to extinguish a dimly^glowing 
light within their field.of vision as soon as they became 
aware of it. In another portion of the experiment, subjects 
performed while exposed to meaningless noise which was 
highly variable as to volume and content. One conclusion 
was that alertness is not a unitary characteristic in work 
behavior. Persons who can be depended upon to perform ade=> 
quately on a routine, repetitive task requiring continuous 
attention, may not be most critical of their performance or 
react most quickly to an unexpected stimulus. He also found 
that "the accuracy of performance was improved by the addic
tion of variable noise to the work .situation,"

Crawford (1961) states.that stress is1 an important 
factor in the production of driving fatigue and arises from 
emotional response to traffic conditions, and interpersonal 
relationships of the driver. He lists physiological
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measures which are currently considered to be criteria of 
emotional arousal; blood pressure and volume, electro
cardiogram and heart rate, respiration, skin temperature, 
pupilliary response, salivary secretion, pilomotor response, 
chemical sweating indices, analysis of blood, saliva and 
urine, metabolic rate, muscle tension, eye blink, and tremor.

He concludes; "Repeated emotional arousal over a 
short period results in oversensitive behavior showing 
strong response to slight irritations, and if the period is 
prolonged, this is followed by a state of 1 lowered vigour6 
in which there is a reduction in intensity of response to 
the environment and a raised threshold of arousal.11 In 
other words some drivers have a very short temper, waiting 
for something to be disturbed about, while others are 
"drowsy" and will respond to only the most intense stimuli.

Ryan (1947) mad© a systematic survey Of psychologi
cal investigations concerned with people at work. His sur
vey included the-study of the 'control of monotony and 
fatigue, and the conditions which yield maximum output with
out excessive effort or fatigue. He considered that "separ
ation of fatigue and boredom.has no useful purpose" and made 
no effort to distinguish between the two. In other words, 
drowsiness and boredom are synonomous and a bored driver is 
or will become inattentive.



Kennedy (1953) was searching for a method of sleep 
prevention. He wanted first to detect drowsiness and then 
awaken the subject automatically by some sort of alarm when
ever drowsiness was detected. He investigated the use of 
brain-waves (EEG) as a psychological indicator of the alert
ness condition of the subject. He found that some normal 
individuals do. not exhibit an alpha rhythm at all, and that' 
the range of individual differences in amount and frequency 
of the eyes-open alpha rhythm was very great and seemed to 
be independent of alertness. He next explored the method 
of using muscle action potentials (EMG), The initial prob
lem in the use of these was to find a suitable location for 
surface electrodes. This was finally soIved by placing 
electrodes of sponge rubber on the forehead just above the 
supra orbital ridges. This method generally proved success
ful, However, he found that there was much difficulty in 
designing lightweight, portable equipment to perform the 
transducing and recording jobs. The item of equipment 
developed required a specially-trained technician as an 
operator. In addition, subjects exhibited reluctance to 
wear a head band with electrodes.

In a similar study, Ryan (1953) experimented with 
the contraction of muscles not invoIved in the task as an 
indicator of the effort being exerted by the individual.
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He chose visual tasks for his study and used an inspection 
task to experiment with the effects of glare and the effects 
of levels of illumination. He found that muscular paten•=> 
tials could be used to reflect the relative effort involved 
in different tasks, even when the subject was permitted rela= 
tive freedom of posture and movement0

2»60 Definition
The meaning given to the term "drowsiness", as for 

the term "fatigue" depends t©_a great extent on the attitude 
of the individual using ite Fpr the purpose of this thesis, 
the meaning of drowsiness is specifically defined as follows; 
Drowsiness is a state of decreased alertness in the human 
operator which is characterized by slow or inappropriate 
response, or failure'to respond to the demands of the task 
to which he has committed himself.



CHAPTER 3

REPORTED RESEARCH ON DRIVER DROWSINESS

Drivers have been faced with the problem of drows !«=» 
ness for a long time and apparently no ,esolution" has been 
found. Some methods for the alleviation of drowsiness that 
have been suggested are: singing, chewing.a pack of gum,
taking off the right shoe and sitting on something hard. It 
is a simple and tempting matter to suggest solutions for a 
;common problem such as drowsiness and the suggested solution 
may serve for some people thus providing evidence for them 
(and for others) that it has merit. It is very difficult, 
however, to collect reliable evidence to substantiate the 
general value of some method. There may, in fact, be no 
reliable method for most people. Nevertheless, the problem 
is sufficiently serious in its consequences in the driving 
situation to call for continued research.

3.1. Mechanical Devices.
In recent years, inventors have attempted to develop 

devices to assist the' driver with this problem. Traffic 
(1959) reported:

20
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,..Auto gadgeteers are coming up with anti-nod 
buzzers and bells for weary drivers. No substitute 
for sleep, they at least help drivers remain alert 
until they reach a coffee stop or motel. Two of the 
newest gimmicks in the motorists8 non-dozy future:

1. Electronic Transistor Safety Alarm, Hade of 
lightweight plastic (2 ©z.) it curls neatly around 
the driver8s ear, buzzes a safety signal when his . 
head nods.

2. Button Steering Wheel Alarm. When plugged 
into car radio, driver ean8t release button without 
triggering alarm. -

The first of these devices, the electronic transis
tor safety alarm-, makes the assumption that the driver nods 
as soon as he loses alertness. From the study of drowsiness 
the individual has lost much alertness prior to the instant 
of time when he first nods. Hence, the driver may have lost 
control of the vehicle or be off the road before the device 
is activated. -

The second device, is even less feasible in that it 
requires somewhat unnatural pressures with the fingers or 
thumb on the button. In addition, the device would have to 
be deactivated when the hands were moved in a turning maneu
ver, because.of its position on the steering wheel.

Williams (1966)' developed a device called the 
ALERTMASTER. It consists of a pedal, similar to the accel
erator pedal, which is positioned on•the floor to the left 
of the clutch pedal for use with the left foot. It is small 
and self-contained with its own horn alarm and battery. De
signed for intermittent use, the device is activated only



when the driver finds himself becoming drowsy or fatigued.
It is activated by depressing the pedal all the way to the 
floor or until the switch clicks. When activated, the horn 
will sound unless the pedal is depressed. As long as light 
foot pressure is exerted, the horn remains silent. Accord® 
ing to the inventor, when drowsiness begins, the left foot 
of the driver naturally relaxes and the horn sounds. Renew
ed pressure of the foot again silences the horn.

No 'information is available regarding tests run on 
this device. Intuitively if seems feasible and promising.
A device was obtained from the manufacturer, but it was 
decided not to use if.in the present study.

■ Frederik (1966) conceived- a device, called the 
Alerf-O-Hatie, to prevent highway accidents due to sleepi
ness or fatigue of drivers of motor vehicles. It weighs 
three pounds and can be wired into the electrical system of 
any car by a mechanic. In simple terms, it produces a 
sequence of three alerting signals of increasing severity. 
First, a light flashes oh. If the driver is alerted by the 
light, he turns it off by- tapping lightly on the horn button 
which is wired into the-Alert-O-Hatic circuit. If he fails 
to notice the light for a period of five seconds, the Alert® 
O-Matic sets off the ear horn. This should arouse the 
driver. If if does not for a period of three seconds, the 
device turns the ignition off and on rapidly for a duration
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of five seconds. Should the driver continue to dose, the 
device shuts off the ignition completely. The driver can 
cut off the cycle at any time by depressing the horn button. 
The first signal (the light) re®appears every sixty seconds.

No information regarding the testing of this device 
was found in the literature. Cudworth (1966) stated; "We 
made only rough field tests on the device since it became • 
apparent that some sort of variable timing was necessary..."

It seems probable that such a device would be 
readily adapted to by any driver in a relatively short time 
because of the monotonous sequence of stimuli, i.e., the 
signal light appears every sixty seconds of driving. In 
fact, Oswald (1962). reported that some subjects exhibited 
a "sleeping" pattern, which was interrupted periodically by 
the subject9 s response to' the periodic stimuli to which he 
was subjected. In:other words, subjects awoke only to exe
cute the necessary response and then lapsed almost immed
iately into.sleep. It seems that a driver could do likewise 
when exposed to this device. ' ■.

Deleo Radio (1961).= developed a highway-to-car com
munications sytem. This system blankets, a reception area,
50 to 100 feet wide across the highway and up to at least 
2000 feet along the highway. Two transmitters are located . 
in a waterproof enclosure'along the road. One .of these 
sends out a-continuous signal for a loop extending about 50
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feet along the road upstream from th© transmitter. This 
length is called th© trigger zone. Extending down»stream is 
a loop radiating voice information and it may extend any' 
reasonable distance, A loop of 500 feet required about six 
seconds to pass at 65 miles per hour and allows a three 
second message to be repeated twice before a car is out of 
range.

The receiver in the ear would be inoperative until 
the car entered the trigger zone. When the trigger trans
mitter is picked up, the receiver is sensitized for listen
ing to the voice signal. As long as the voice is picked up, 
the receiver .is turned on and held on,, but after the car 
passes beyond the range of the' voice loop, the receiver 
reverts to its insensitive condition and no further opera
tion will occur until the ear again passes through a trig- 
.gating zone. On a permanent installation, the auto radio 
might also be switched off by the voice signal,' The Highway 
Communication system could operate signal lights or buzzers 
in a car or transmit voice signals to alert the drowsy 
driver.

Of the "inventions discussed above, some may have 
some possibility but others are useful only in that having 
been described they can be rather quickly set aside to clear 
the air for further work. The more professional research on 
drowsiness' has turned to the study of a variety of
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norwmechanical stimuli,■ In subsequent paragraphs, research 
is reviewed according to the type of stimuli activity or 
situation used to relieve drowsiness,

3,2, Amphetamine Drugs
Because of the serious accidents which have been 

caused by drivers who have driven for very long hours and 
are under the influence of drugs, drugs are usually not 
recommended to reduce drowsiness. Typical of this attitude 
is that of Sehwenk (1962)$ who states: "Keep yourself
mentally alert with proper ventilation. If you are sleepy, 
pull off to the side of the road for a nap, NEVER rely on 
stimulating drugs to keep you awake,91 This is a rather 
sweeping judgement.because it seems that some drugs might 
have some entirely beneficial effects. At least this. p©@si<=> 
bility should, not be ruled out from further research,

Rodger-(1956) made, the comment: "The monotony of
driving apparently for some people will produce fatigue of 
the central nervous system even when they have had adequate 
sleep," Being concerned with this problem, he searched.the 
literature for studies on the effects of drugs and concluded 
by recommending that drugs be used to relieve drowsiness. 
However, it must be said that Rodger published this in GP„ 
which is a journal for the medical profession. He was recom
mending that doctors prescribe drugs in the driving
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situation, and that they closely supervise their patients6 
use of these drugs.

In support of Rodger8s conclusion, the following 
references were found;

1, Simonson, et al (1942) concluded that 10 mg of 
amphetamine sulfate, given 3% hours before the end of the 
working day, increases the (visual) fusion frequency of 
flickering lights and removes the individual9s feeling of 
fatigue. They concluded that "this indicates that the aboli«= 
tion or reduction of the sense of fatigue after the use of 
amphetamine not only is a subjective phenomenon, but is 
substantiated by an increase in the excitability of the 
central nervous system,"

2, Blake and Gerard (1937) found that one of the 
actions of amphetamine sulfate is to increase the rate of 
electrical activity of the brain, and it is suggested that
by this action, it contributes an important condition require 
ed for remaining awake,

3, Ivy and Krasno (1941) noted an effect of amph@» 
tamine sulfate and other stimulants on the amount and char= 
aeter of the work output only under those conditions where 
the testing procedure was mad© unusually long, or where the 
administration of the drugs was accompanied by a subjective 
feeling of relief from fatigue.
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4„ Newman (1947) found that an oral dose of 10 mg 

of amphetamine sulfate was incapable of significantly im
proving performance of a monotonous task unless the perfor
mance had been reduced by previously existing fatigue. In 
individuals who were previously fatigued, the medication 
helped to restore performance, but not to the pre-fatigue 
level. He concluded that Mamphetamine sulfate may be a use
ful drug when necessity required the performance of such 
tasks by fatigued individuals,”

Kleltman (1963) observed that experimenters have 
found that (a) Benzedrine (a trade name for an amphetamine 
drug) improved performance and delayed fatigue (Carl and 
Turner, 1.939 and Simonson, et al, 1942) | (b) Benzedrine 
improved steadiness (Thornton, @t al, 1939),

Cuthbertson and Knox (1947) found the Benzedrine 
caused a greater inability to fall alseep in the open after 
a 23-mile march. Two companies of men were taken on a 23- 
mile march. The first company was called the test group and 
was given 10 mg of Benzedrine prior to the march. The 
second company, called the control group, was given a 
placebo. After the march, the subjects were allowed to 
relax and sleep. Of the control group, 4% could not sleep.
Of the test group, 64% could not sleep,

McFarland et al (1955), in summarizing the experiments 
on drugs to relieve drowsiness said that Benzedrine and



Dexedrine (an isomer of ;amphetamine) in 5 to 10 mg deuces'1 • 
reduced the need for sleep without impairing either psycho- 
motor or psychological efficiency. However, improvement was 
noted only in those eases where the individual's alertness 
was already impaired. He also commented that subjects 
exhibited a wide variety of reactions to these drugs and 
some of these responses were counter to those desired. Also, 
after a time, the individual becomes adapted to the drug 
used. If seems, for this discussion, that drugs of this 
kind should only be recommended for use under a doctor's 
scrutiny,

3,3, Caffeine
Rodger (1956) comments that caffeine is a cerebral 

stimulant. He says that the stops to get it and the later 
stops to get rid of it help" t© break driving fatigue. But, 
some people'get little effect from it,

Kleitman (1963) observed that the following conclu
sions had been made by experimenters g (a) the amount of 
caffeine contained in 1 or 2 cups of coffee decreased reac
tion time slightly, (b) caffeine improved performance in 
tests requiring muscular strength and speed of movement, and 
had.no adverse affect on steadiness, . He then commented 
"Whatever its mode of promoting wakefullness, caffeine.



29
because of its availability and safety, is an excellent , 
antihypnotic agent." .

McFarland et al (1955) summarized the usefulness of
drinks containing caffeine;

Drinking coffee is commonly held to be the method by 
■which the long-haul driver wards off drowsiness and 
fatigue. In the laboratory caffeine has been shown 
to result in slightly faster reaction times, while 
producing a decrement In hand steadiness. The 
slight increase In tremor of the hands would not 
appear to be detrimental to driving skill. When the 
driver has no physical, condition which makes the use 
of caffeine inadvisable, tea and coffee in ordinary 
amounts can result in improved alertness,postponing 
drowsiness.

It is to be noted that Kleitman and McFarland dis 
agree on caffeine’s affect on steadiness; however, they are 
in agreement as to its effectiveness in relieving drowsi- 
ness.

3.4. Rest and Refreshment
Lauer and Suhr (1958) made a.study of the effect of 

rest pauses and refreshment on driving efficiency. they 
used the controlled experimental approach with matched 
groups to determine the nature of their performance in a 
simulated driving situation continuing for a 3 hour period 
and for a 6 hour period. Groups were matched as nearly as 
possible as to sex, age, and driving experience. There were 
a total of 56 drivers; 38 male and 18 female. Ages ranged 
from 18 to 66 years, with a median age of 24 years for male
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and 25 years for female. The .criteria used for minimum 
driving experience ..was; 3 years or 10,000 miles. The 
actual median of the sample'was 8 years driving experience.

The first group'was called the no pause group and 
they drove for 3 and 6 consecutive hours on the two phases 
of the test. The second group, the pause group, was served 
tea just prior to the test and again during a 15 minute halt 
after 1% hours of driving, during the first phase of 3 hours 
and again during the second phase of 6 hours.

A device called the Drivometer was used for the sim=» 
ulation of the driving situation.- It is so constructed that 
the subject sits in a stationary mock-up ear using full-size 
automobile controls to drive, a miniature ear around a travel
ing roadway. The Drivometer Is located in a special booth 
s© that the driving environment can be controlled.

Their conclusions were: "It would seem that the
refreshment pause not only increased the effectiveness of 
steering per half hour of simulated driving, but also tends 
to delay the onset and reduce the extent of decrement in 
performance." In addition, higher concentration and greater 
zest were noted for the refreshment pause group.

There is little doubt that rest and refreshment can 
relieve drowsiness. However, many individuals find them
selves in a drowsy condition when they are 10 to 15 minutes 
away.from the nearest rest stop or otherwise unable to stop
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and rest. It Is this situation for which a solution is 
sought,

3,5, Ingestion of Food
Hulbert (1963) studied the effect of the ingestion 

of a nutritive substance on the performance of a simulated 
driving task. Two groups were tested, using the subjects 
as their own control. The first group (extreme fatigue «*> 
ingestion of a large quantity of a nutritive substance) 
consisted of eleven volunteers from the Los Angeles Fire 
Department and one volunteer from the University of Califor
nia, Each subject was given three tests; the first under 
normal, non-fatigued- conditions| the second and third with 
the. following stipulations - 24 hours without sleep, 12 
hours without food, and 4 hours without coffee, tea, or 
beverages. Half ate a nutritive substance on the second 
test and the other half ate it on the third test. Those not 
receiving the nutritive substance received a non-nutritive 
food stuff, a placebo. Presumably, subjects could not dis
tinguish between the nutritive and non-nutritive substances, 

The'second group (moderate fatigue - less quantity 
of the - nutritive substance) consisted of twenty-two college 
students. Each subject was given two tests, both with only 
3 to 5 hours sleep the previous night. On one test, half 
the subjects' ingested, a larger quantity of the nutritive
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substance and the other half ingested a lesser quantity of 
it. The subjects were, reversed on the second test.

The nutritional value of the substance swallowed was 
known only to a third party who packaged the substances and 
scheduled which package was to be eaten by which subject on 
which replication.

The driving test was conducted in a driving Simula® 
tor (Hulbert and Matthewson, 1958; Hulbert and Wojcik, 1960). 
The simulator is described completely in the above refer® 
ences; its salient features are briefly described here. The 
Driving Simulator Laboratory is an enclosed room containing 
an automobile mounted on a chassis dynamometer. The vehicle 
faces a semi®circular projection screen approximately twelve 
feet high and twenty®two feet wide. The projector is above 
and behind the vehicle and the optical image completely 
fills the screen area visible through th© windshield of the 
ear. The projector speed is controlled by the speed of the 
vehicle so that the subject.Mfeels" as though he is actually 
driving. According to the UCLA Office of Public Information, 
(1962) "The drive is so realistic that some subjects have 
flatly refused to step out of the 8moving8 vehicle when 
asked to do so."

The test drive consisted of a 45 to 65 minute trip 
(depending on the actual speed at which the subject "drove" 
the car), over a continuous two-lane mountain road. '
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During the trip only four vehicles overtook the simulator 
vehicle, no vehicles were overtaken, and fifty-four vehicles 
were encountered as opposing traffic*

Observations of the.subjects and analyses of the 
data showed the following differences between the perform
ance of subjects with, and without fatigue*

Is In controlling vehicle speed, the alert subject 
usually accelerates and decelerates sharply* The tired sub
ject has long, slow speed changes, and when he becomes 
drowsy the speed changes very slowly or not at all.

2* In steering the'vehicle, the alert subject 
usually makes many small corrections and has-a correspond
ingly high steering reversal count. The fatigued subject 
does not steer as much, and when the subject dozes his 
steering ceases*. .

3* In reacting to events, the,alert subject usually 
exhibts a change in galvanic skin response* The fatigued - 
subject8s GSR record shews less reaction, and when the sub® , 
ject dozes the GSR gradually lessens*

4. In breathing, the alert subject usually has a 
change in respiration pattern at events* The tired subject 
does not react, and when the subject becomes drowsy his 
breathing becomes very regular and shallow*

5* The fatigued driver will perform many body move
ments and actions as rubbing his face or head, stretching.
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smoking9 closing eyes, etc. The alert driver is relatively 
inactive.

The results ©f the experiment were; For Group I 
when the nutritive substances was ingested, the subjects had 
less difficulty remaining alert. Group II (who had more 
sleep and less of the nutritive substance than Group I) 
there was no such clear=cut difference in ability to remain 
alert for those having nourishment. His conclusions was ' 
that the initial research should be carried further, before 
it would be safe to recommend the ingestion of this parti
cular nutritive substance as a means of effecting fatigue 
while driving. (In accordance with Dr. Hulb@rt6s request, 
for medical reasons, the identity of the “nutritive sub
stance91 is not disclosed.)

3.6. Physical Movement
i Kleitman (1963) reported a study in which changes
from muscular tension to muscular relaxation produced sleep 
and changes from muscular relaxation to muscular tension 
induced complete wakefulness in the drowsy subject. He 
concluded; "...prolonged wakefulness, both in man and in 
animals, can be accomplished only at the price of continued 
muscular activity.98

Kavanau (1962) studied a new method for deprivation 
of sleep. H® experimented with four adult deer mice.
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putting them on a rotating wheel and keeping them awake for 
up to 23 hours per day. His hypothesis was that wakefulness 
could ,be sustained by muscular activity used, not primarily 
for supporting and moving the body, but for maintaining 
balance.

The mice were allowed much rest initially (1 hour on 
and treadmill and 1 hour off), but this was decreased grad<= 
ually and the rate of rotation was increased until by the 
end of the test, the mice were getting only three 20-minute 
rest periods per day (7 2/3 hours on the treadmill and 1/3 
hour off). . It was .found that the mice improvised numerous 
ways of balancing on the axis of the treadmill to avoid the 
heavier physical exertion of running. The experiment showed 
that it is possible to keep animals awake for long periods 
by demanding of them a sustained muscular activity.

In addition to this study, it was found that as 
early as the Civil War this principle was used. National 
Geographic (1965) reported that Union sentries had a teeter- 
totter seat to sit on while on duty. One nod and the seat 
tipped over. :

It seems that drivers might be kept awake by con
tinued demand, for sustained (or even intermittent) muscular 
activity. ' But, one would expect that such activity would 
result in a corresponding decrement in the performance of 
the driver on his primary task. Perhaps some igenious
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inventor will design a safe teeter<= totter* Physical move
ment as a means of relieving drowsiness is discussed further 
in Chapter 6*

In addition to the stimuli discussed above, con
sideration was given to the driver9s other senses,

3.7.1, Visual Stimuli, Sine® visual stimuli are
passive stimuli, it seems that sight is one of the first 
senses "turned off" by the driver when he becomes affected 
by "highway hypnosis," An alarm in the form of a light, 
even a flashing light would very probably be ignored by a
drowsy driver. In addition, the visual information channel
of the driver at high speeds is-relatively saturated,

3.7.2, Olfactory Stimuli,' In the literature search, 
no specific studies of this stimuli were found. However,, 
since the olfactory information channel of the driver is 
relatively free of signals, this stimuli seemed promising. 
This type of stimuli has a place in the experiment reported 
her®,

3.7.3, Auditory Stimuli,' Since the auditory infor
mation channel is relatively little used in the driving sit
uation compared to the visual channel, it also would seem to 
be a promising stimuli, McFarland (1954) states; "Visual 
warnings may be the most simple- to obtain, but a study has
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indicated that auditory warnings are most quickly discerned 
and reacted to by the driver,"

3,8, Other Experiments on the Driver
In 'addition to those . studies which applied specif ic 

eally to stimuli which might be utilized to relieve the 
drowsy driver, some other studies, which measured driving 
performance and served to stimulate ideas for the experiment, 
are discussed below,

Ryan and Warner (1936) conducted a study to deter® 
mine the effect of a long day of driving on the efficiency 
of the driver. They tested six subjects, ranging in age 
from 18 to 30 years. The subjects were required to drive 
for one* hour over a specified route prior to reporting to 
the laboratory each morning at 9 a,m. They were then given 
a series of tests. Then, after driving continuously all day 
until 7;30 p0me, with only a one hour break for lunch, the 
tests were' repeated. This schedule was followed on alter® 
nate days for 28 days. On the intervening days, the tests 
were given at the same times, but the subjects were allowed 
to drive for only one hour between the tests. The results 
indicated that a long day of driving had an effect on 
steadiness', coordination, reaction time and mental functions. 
Their conclusions was; “long automobile drives.,.produce 
a loss of effectiveness, of certain sensory discriminations,



association processes, and motor reactions similar to those 
required in driving.M

Jones, et al (1941) studied fatigue and hours of 
service in interstate truck drivers. They selected 889 
drivers randomly from three different cities by taking any 
driver out' of a truck for the test as he approached the city 
at the end of a long trip. They selected a non=>driver, con
trol group similar in age, experience and educational batik® 
ground and administered psychological tests and physical 
examinations to both groups. Their conclusions was that 
driver efficiency 'was reduced by long hours of driving as 
well as by the other non-driving activities of the drivers.

McFarland and Mo-sely (1954)' report two studies of 
interest. In the first, ah experiment was conducted to 
measure change in performance occurring under conditions of 
extreme fatigue. Only one subject was tested. He was kept 
awake for 24 hours and then tested for four hours on a simu
lated driver trainer. Efficiency deteriorated greatly over 
the four hours. The major conclusion was' that "the sub
ject 6 s insight into his own condition lapsed."

. In the.second study, bus' drivers were tested over a 
three and one-half hour period. Data was recorded manually 
from the direct observations of a trained psychologist... The 
observer recorded steering motions^ use of the clutch, gear
shift, and brake; use of the horn, directional signals,
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mirror and lights. For.the two drivers tested, steering 
motions were the most frequent and decreased considerably 
for the last half hour as compared to the first. They con<= 
eluded that the drowsy driver may perform the required task; 
but either his reaction time will be greater or the quality 
of his performance will be-reducede

Platt (1964a) studied a new method for evaluating 
the effects of fatigue on driver performance, A two .man 
team drove a ear on a 1200 mil© trip from Ann Arbor,
Michigan to Philadelphia, .Pennsylvania and returned. The 
test was made on four lane divided highway with limited 
access because they felt that fatigue is accelerated by the 
monotony of the highway environment, '

The test.equipment used was a modified Greenshields 
Drivometer mounted in the glove compartment of the test 
vehicle. The purpose of the Drivometer was to measure the 
fundamental actions of the driver in controlling the direc
tion and speed of the vehicle and in addition to measure the 
fundamental parameters of vehicle motion. It records: 
steering wheel reversals,.accelerator reversals, brake 
applications, speed change of the vehicle, trip time and 
running time, Platt found that: "The effects of driver
stress and fatigue, as reflected in tracking and speed con
trol, can be monitored, by the Greenshields Drivometer,"
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'He als© concluded that the fatigued driver accepts wider 
tolerance of both vehicle tracking and speed control,

Greenshields (1963) made a pilot study of changes in 
driver performance with time in driving. He tested six sub
jects, all college students. The fatigue runs were made on 
an expressway in order to have the road features practically 
constant. He used the Drivometer, described above and 
measured steering reversals, speed changes, .accelerator, 
reversals, and brake applications. He concluded that steer
ing wheel reversals is the; most pronounced measurement of 
driving behavior. He also indicated that each driver has an 
individual rhythm or rate of steering wheel reversals which 
he tends to maintain and that a change in rate would seem to 
indicate a change in the driver6s condition,

Safford (1965) made a study of performance decre
ment in twenty-four hour driving. Seven subjects were 
required to drive for 24 hour periods with rest breaks only 
at refueling stops. During this 24 hour period, the sub
ject's vehicular performance was measured continuously with 
the use of an oscillograph recorder mounted in the experi
mental vehicle. The parameters recorded were: vehicle
velocity, gas pedal position, steering wheel position, and 
brake pedal position. His conclusion was that there are' 
strong correlations for changes in the values of performance, 
velocity means, velocity variances, steering wheel
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reversals, and gas pedal reversals with the passage of time. 
However, he found that trends for the same variable occured 
in either direction and reasoned; “...an increase or 
.decrease in the value of one of the dependent variables
cannot be taken as an indication of fatigue without knowing
the specific characteristics of the subject driver that pro
duced the increase or decrease.

Forbes, et al (1958) carried out two experiments to
investigate the effects of drowsiness on driver behavior. 
Sleep-deprived subjects were given experimental runs on the 
highway in a dual-control ear after receiving instructions 
and practicing for a short period of time. In the first 
experiment, concentrated sleep deprivation of. from 24 to 
36 hours was used, and in the second, less severe but 
cumulative deprivation, over three nights (no more than four 
hours sleep per night). Each- subject was given a five-hour 
run after normal sleep and after deprivation.■ An experi
menter was at all times ready to take over the controls, and

. ■ ' ■

acted as an observer for one set of observations. A second 
observer in the back seat made other observations and checks.

Response frequency was tabulated for weaving, drift
ing, unnecessary speed changes, eye blinks, eye closures, 
glances at dashboard indicators, checking outside mirror,- 
checking inside mirror, calling potential hazards and esti
mated distances (car length) between the test vehicle and



the car ahead when pulling out to pass, estimated by one 
observer, (in one set of runs, two observers made the same 
estimates for a check of reliability,)

Other events recorded were observance of speed zones, 
restlessness and position=*changes indicating fatigue, any 
critical incidents of special importance, reports on judge
ment of fatigue every half hour, and voluntary, unsolicited 
comments of the driver .whenever given. They found a statis® 
tically significant difference between driving efficiency 
forsleep^deprived and normal runs. In the extreme deprive® 
tion runs of the first experiment, four out of five subjects 
actually dozed at the wheel and the fifth very nearly did so. 
Similar effects were noted in the less severe, spaced depri® 
vation of the second experiment,

Herbert and Jaynes (1963) studied performance decre-
X

ment in vehicle driving. They conducted an experiment in 
which one hundred and eighty Army and Air Force truck , 
drivers were given tests of driving skill (Herbert, 1963) 
after having actually driven a truck for lengths of time 
ranging from 0 hour's to 9 hours. They found that the skill 
measures showed a progressive decline with hours, of perform®

■A

anee,

3,9. Conclusions
The studies reviewed in this chapter have developed 

considerable information about some of the causes and
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mitigating influences of drowsiness. There* is some encour~ 
agement to be derived from the research that there are ways 
to relieve drowsiness and even to prevent severe drowsiness 
from turning into sleep, Hulbert9s report on the effect of 
food and rest is important. The somewhat unnoticed influx 
enee of a demand for sustained muscular activity is inter™ 
esting. Coffee, tea and such drugs as Benzedrene are not 
to be overlooked. Probably an increase in the variety of 
anti=drowsiness methods, with each person selecting that 
which suits him best, is one way to progress.

In conformity with the above conclusion it is neees=» 
sary to examine a number of possible methods by collecting 
reliable evidence upon their effectiveness. This should 
improve the ability of drivers to select for themselves 
those which meet their personal needs from a list of tested 
methods for relief of drowsiness. To this end the following 
experiment was conducted, .



CHAPTER 4

THE EXPERIMENT

From the research which has been reviewed„ there 
appears to be no well defined or well substantiated theory 
of sleep. However9 the general results of the experimental 
work in the testing of sleep theories indicate that the 
findings and theories of the researchers should be con
sidered in the design of any experiment to test human reac
tions to stimuli while drowsy«

Drowsiness can be considered to be a transitional 
and variable state between sleep and wakefulness. The 
transition between sleep and wakefulness may be sudden, in 
which ease there is little or no drowsiness. On the other 
hand there may be a rather protracted period of drowsiness. 
For this experiment the drowsiness is considered to last 
over a rather protracted period during which the driver is 
(a) sensitive to some stimuli to which he might not be 
sensitive during a deep sleep and (b) aware of and trying 
to overcome his drowsiness. That is, he chooses to move 
toward wakefulness rather than sleep,'

44
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4.1, Independent Variable

This point of view suggests the following general 
hypothesis on the retardation of drowsiness;

Any varying stimuli, when applied in a non®, 
monotonous manner to the normal drowsy individual, who is 
neither sleep deprived nor seriously fatigued, may be effec
tive in combating drowsiness. Numerous stimuli have been 
considered. The experiment reported here is a test of one 
stimulus under this hypothesis.

In light of the objective of this thesis and its 
practical applications, considerable thought was given to 
the selection of a stimulus which would have practical 
application in relieving driver drowsiness, "Smelling 
Salts"-was selected'because of its availability, safety, 
ease of use, and purported usefulness in relieving drowsi
ness.

■ "Smelling Salts" is the laymen9s name which is 
commonly applied to Aromatic Ammonia Spirit, U.S.P. It 
contains 2 percent of gaseous ammonia gas and 4 percent of 
ammonium carbonate, which liberates ammonia gas. This 
ammonia compound is carried in a base of 70 percent alcohol, 
with lemon, lavender, and myristiea aromatic oils added 
for esthetic of masking purposes. The exact composition 
of the smelling salts used is contained in Appendix A.



Groliman (1965) stated that when smelling salts are 
inhaled, the irritation of the nasal mucous membrane by the 
ammonia gas causes a reflex stimulation of the vasomotor 
center, contraction of the arterioles and augmented blood 
pressure0 Respiration is first arrested by the reflex, 
after which respiration becomes deeper and fuller. DiPalma 
(1965) categorizes all •”smelling salts” as reflex stimulants 
and comments that reflex stimulants excite the brain and 
medullary cardiovascular centers.

Physiologically we find that the collection of 
nerve eelIs in the medulla, which is called the respiratory 
center, controls respiratory movement. Best and Taylor 
(1948) indicate that ”stimulation of the nerves of the nose 
...may cause' sudden suspension of breath. This effect 
serves to prevent further inhalation of the irritant gas.” 
They add, however, that reflex changes in respiration can 
be caused by intense stimulation of almost any sensory 
nerve in the body.

In simple terms, the inspiration of smelling salts 
stimulates' the respiratory center, causing a temporary 
cessation of breathing, followed by rapid and deep breath® 
ing0 Intuitively it seems reasonable to set up the hypoth
esis that such a reflex stimulant will be successful in 
-alerting a drowsy subject. Since it is a common treatment
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of faintnessit could also- be effective as a corrective 
remedy for drowsiness,

A short pilot experiment was conducted on students 
in a college classroom to determine whether smelling-salts 
would retard drowsiness. Five students who normally became 
drowsy in the classroom were asked to use smelling salts.
Each was given a bottle of smelling salts along with instmen
tions for its use during the test and a list of questions to 
be completed at the end of the test. All five subjects re
ported that they found smelling salts alerting and commented 
that they would be willing to use it in other "drowsy" sit
uations, It is recognized that a pilot test of this kind 
does not provide reliable evidence but it served the purpose 
of indicating that our hypothesis merited a test under con
trolled experimental conditions„ Thus the independent 
variable-for the experiment of this thesis was the inhalation 
of smelling salts versus its non-inhalation,

4,2, Dependent Variables,
A literature search shows that the following depen

dent (or response) variables have been utilized by experi
menters as tentative criteria for or concomitants of the 
state of sleep.

In'studies upon the physiological characteristics 
of sleep it is found that muscle tone, reflex action to
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stimuli$ amplitude of respiration, galvanic skin response, 
and body temperature are inversely related to the occurrence 
of sleep* Also respiration is supposed to become more r@g~ 
ular and the alpha pattern in EEG disappears with the onset 
of sleep.

In research in highway safety, situational and di
rect ly observable responses have usually been studied; 
examples are speed of vehicle, steering reversals, subject8s- 
body motions (the fatigued driver will be more restless), 
accelerator reversals, brake applications, weaving, drifting, 
unnecessary speed changes,eye blinks, eye closures, glances 
at dashboard indicators, cheeking outside and inside mirrors, 
calling potential hazards, estimated distances to ear ahead 
when pulling out to pass, observance of speed zones, rest
lessness and position-changes'indicating fatigue, critical 
incidents occuring one or more times, subjective reports on 
fatigue, voluntary eommepts of the driver, and driver tests 
given before and after the experiment. Physiological re
sponses given above have also been studied in connection with 
highway safety.

On© could go further and suggest other physiological 
changes not enumerated above, such as blood pressure, or 
pulse rate, or other changes associated with the vehicle, 
such as engine temperature and rpm.
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This lengthy list of possible dependent variables 

can be reduced by a quick elimination process. Such a pro
cess was used and each variable mentioned was specifically 
considered prior to being eliminated. In the interest of 
brevity, only a general comment will be made on this first 
elimination.

Those variables which could not be measured by other 
than the-observation of the-experimenter were eliminated.. 
However, indiseriminant collection of data by direction is 
wasteful. As Ghapanis- (1959) • commentsobservational 
methods have some serious limitations: -much useless data is 
sometimes collected,, in addition to that which is useful; 
some observations can be very costly; and the inherent var
iability of the.observer can destroy the results. Careful 
selection of those variables to be observed is necessary.

Those variables- which seem to contribute little to 
the measurement of driver drowsiness were next eliminated. 
Blood pressure and pulse rate seemed relatively unimportant. 
Variables related to the engine would seem to remain essen
tially the same for the same vehicle driven over the same 
route. -

4.3; Selection of Dependent Variables to be Measured
The most essential consideration for .selection is 

that the variable be a suitable criterion of drowsiness. In
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other words, if the variable does not correlate with drowsi- 
ness, there is no point in measuring it. There is a consid
erable amount of information in the literature on measures 
of driver response and in the following paragraphs some of 
the more pertinent findings are briefly summarized.

In.general9 it was found that speed change of the 
vehicle, accelerator pedal reversals and operator respira
tion were possibly important. Braking, GSR, and temperature 
(differential between chest and extremities) are of little 
consequence. Further, steering reversals and alpha activity 
in the EEG are definitely not to be overlooked.

Considering these variables individually, the follow
ing result's have been reported, along with notes of the deci
sion made upon us© of the variables, in this experiment.

4.3.1. Steering Reversals. McFarland and Mosely 
(1954) observed bus drivers over three and one-half hour 
periods. They established that steering wheel movements 
were the most frequent activity of the driver. Lauer (1960) 
stated; "Some form of lateral placement measurement should 
be used." Platt (1964b) commented: "Several years of
detailed study have shown steering wheel reversals to be a 
most sensitive measure of the driver6s response to condi
tions of environment, traffic and vehicle. It also has 
proven to be ..extremely sensitive to the;driver6s emotions, 
skill and attention." He further stated that based on
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studies of counts of one-haIf and two-minute intervals, a 
one-minute interval count was found to be the best. Green- 
shields (1962 and 1963) stated: "The most pronounced meas
urement is the frequency of steering reversals." From these 
comments, it seems that "steering reversals" should be selec
ted as a dependent Variable.

4.3.2. Aloha Activity. Measurement of the subject6s 
alpha rhythm seems obviously important. However, Simon 
(1961) found that :./ "Among the more common of these response 
phenomenon at the waking end of the continuum is the 6alpha 
block8. Strong continuous alpha will reduce to low ampli
tude random activity when the eyes of most subjects are 
opened, and will reappear when they are closed." Appar
ently- then, unless the subject closes his eyes when he be
comes drowsy, ho discernible alpha rhythm could be moni
tored. Even if there were no other problems, and there are 
numerous other problems (variance inherent in electrode 
placement, critical adjustment of equipment, distortion of 
the alpha pattern by movement of the subject, requirement 
for trained personnel to interpret the alpha rhythm, etc.), 
"alpha activity" must be eliminated as a dependent variable.

4.3.3. Speed Change of Vehicle. Platt (1964a) 
stated that "speed change rate is also important," but 
Greenshields (1966) commented that it is less important then 
the steering .reversal rate. From these comments, it seems
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that “speed .change of vehicle" might also be selected as a 
dependent variable. On the other hand, Platt and Feddersen 
(1964) reported that it would seem that further research 
would indicate that only driver actions need to be used as 
variables in studying driver performance, whereas speed 
change would be useful in traffic flow evaluation,

4.3.4, Accelerator Reversals, Platt (1964b) 
stated that in controlling the speed of the vehicle brake 
applications are actually secondary to accelerator reversals. 
He stated further that it (accelerator reversal rate) is a 
very sensitive measurement of the driver°s ability to eon=> 
■trol vehicle speed, Lauer (1960) commented that accelerator 
movement seemed of no particular value. However,, in context 
this means only that for his on© experiment, accelerator 
movements showed no significant difference in treatments. 
Since Platt and other experimenters have more recently found 
accelerator reversals significant, it seemed important to 
measure,

4.3.5, Respiration, Hulbert (1963) found that as 
drowsiness occurs, breathing.becomes very regular and 
shallow, Safford (1965) planned to measure respiration, but 
deleted it as a variable because of equipment problems.
There are no overwhelming reasons found in driving research 
for measuring this variable; however, as discussed above.
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the treatments tested in the experiment do effect respira= 
tione As such, it is definitely important to measure.

4.3.6. Braking:. Greenshields (1963) comments that 
brake applications are not significant. Platt (1964b) 
states that the brake is usually considered to be the pri® 
mary device in controlling vehicle speed. However, he also 
noted that brake applications are actually secondary to 
accelerator movements. Because of its lack of relative 
importance, braking was eliminated as a response variable.

4.3.7. Galvanic Skin Response. Hulbert (1957) 
recorded the galvanic skin response (GSR) of drivers as they 
experienced actual traffic situations and found that 91 p®r~ 
cent of the recorded GSRs were associated with the types of 
traffic situations as hypothesized. He also noted that 62 
percent of the GSRs involved no recorded action on the part 
of the subject. In a later study, Hulbert (1963) commented 
the GSR gradually drops- off as the subject becomes drowsy. 
Because of the reluctance of subjects to allow electrode 
attachment and because of.other technical-difficulties, it 
was decided to-, delete GSR as a response variable.

■4.3.8. Temperature. Safford (1965) planned to 
measure the temperature differential between the chest and 
extremitites but because of equipment problems did not do 
so. Other'experimenters have not found body temperature 
significant and therefor® it was deleted.
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4.3.9. Conclusions. Because of the specific treat® 

ment to be tested and because of the reasons above, it was 
.decided to measure the following as the dependent variables; 
accelerator p.edal reversals, steering wheel reversals and 
respiration.

4.4. Variables to be Controlled.
In an experiment' of this kind on the responses of 

persons outside of the protecting walls of a laboratory 
there is always a serious problem of controlling other var® 
tables which could effect those response to an important 
extent.

Chapanis (1959) states; “Increased variability can 
arise from failure to control all sorts of variables in an 
experiment; the state of the subject; the instructions 
given the subject; and the way the experimenter conducts the 
test." In addition there ar© a large number of■environmental 
variables. In an experiment to test the effect of smelling 
salts in combating drowsiness the following variables ought 
to be controlled; that is, kept as constant as possible.

1. Vehicle characteristics. -
2. External eonditi@ng®®=tim@ of day , day of the 

week, route, weather, and duration of test.
3. Subj@et®°®baekgr©und6 selection, motivation, and 

familiarization with equipment.
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4.5. Simulation Versus Realism.

Prior to planning a road test, consideration was 
given to the possibility of simulating the driving situation 
in the laboratory. Hutchinson (1958) stated the “problems 
in research, engineering, or training that are inordinately 
expensive, time consuming, dangerous or otherwise impraeti^ 
cal to solve using full-scale equipment in real environments 
are generally best solved by simulation techniques.“ 
'Ghapanis (1959) reenforced this argument by sayings (a)' 
realism is too expensive, and (b) there are uncontrolled 
sources of variability which contaminate the data in which 
the experimenter is interested.

On the other hand, simulation in the driving situa
tion is even more expensive. The relative expense, of real
ism versus simulation in this ease is small. Weather 
conditions" 'in this locale .'(Tucson, Arizona) are relatively 
stable so that a reasonably constant experimental environ
ment can be achieved if proper testing schedules are follow
ed.

Should simulation be used, a road test would have to 
be made to show that the data found in the simulation is 
true data. Hulbert (1963) utilized a driving simulator for 
his experiment (see Chapter 3) and recommended that a fur
ther experiment be run using an instrumented ear to conduct 
tests of non-fatigued drivers on the same road as in the
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films. He questioned the assumption that- behavior in the 
driving simulation laboratory is sufficiently similar to 
real driving to warrant basing a remedial plan on study 
results from the laboratory.

4e6. Experimental Procedures.
The plan for the experiment was to have a specified 

number of subjects drive over a monotonous, non«=>stimulating 
road for approximately two and one-half hours during which 
drive he would receive an experimental or control stimulus 
and suitable response variables would be measured. Having a 
general idea of the experiment, a second pilot test was 
carried out. Two subjects were tested on runs over the same 
route, but at different times of day and in different 
vehicles, with different observers. The conclusions of this 
pilot experiment in some cases reinforced the decisions made 
earlier and in other eases refuted them. Based upon this 
experience the actual experiment was conducted in the ‘manner 
described in the next few pages. Some modifications were 
made.during the final preparations.

4.6.1. Automobile.
1. The same vehicle, a 1960 Rambler 4 door sedan, 

was used for all replications (subjects). Two vehicles had 
been used on the pilot test and this procedure was found 
unsatisfactory.
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20 The vehicle was modified to house the experi

mental equipment as shown in Fig. 4.1. AC power for the 
equipment■for the first'few test runs was obtained from 
battery converters. After some difficulties the source 
for power was changed.to an A.T.R. DC-AC Inverter, Model 
RHGs powered by the 12 volt DC vehicle battery.

3. Playing of the vehicle radio was not allowed 
during the test.

4. Ventilation of the vehicle was as follows:
All windows were closed except for those in the driver6 s 
door which were opened or closed to attempt to maintain a 
constant temperature within the passenger compartment.. In 
addition, the hood vent was ©pen.

5. The subject maintained speed at approximately 
60 miles per hour.

6. The experimenter and all instruments were in 
the rear seat of the vehicle, out of view and insofar as 
possible out of hearing' of the subject. Conversation 
between subject' and experimenter was limited to the bare 
necessities of the experiment during the test run.

4.6,2. Recording Equipment, Steering wheel re
versals were accumulated on two ITT manual reset pulse 
counters, the puls© ‘occurring each time the wheel was 
turned 1° from its static position. By means of a timer 
arrangement,.alternatecounters were activated during
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Experimental Vehicle
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alternate minutes so that while one was counting the count 
on the other was recorded and its count reset to zero. 
Accelerator pedal reversals were counted per minute in a 
similar manner. A count was made each time the accelerator 
pedal was moved 1/8 inch up or down from its static position. 
These counts per minute were recorded by the experimenter on 
the Experiment Log, Fig. 4.2.

EXPERIMENT LOG
SUBJECT:________________________________ DATE:
STIMULUS:_______________________________

Count

Minute
Accelerator
Pedal
Reversals

Steering
Wheel
Reversals Remarks

1
2
3

120

Fig. 4.2. Collapsed Sample of the Logsheet used 
for each experimental run.

Respiration was measured by plotting chest expansion 
with a 2 channel Sanborn Model 322 oscillograph recorder.
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positioned on the rear seat to the left of the observer.
Two pickups were employed: one plotted on Channel 2 of the
recorder (Fig, 4,3.) was a Sanborn Model 780-14A Chest 
Expansion Transducer which plotted ON when the chest expand
ed and OFF when the chest contracted; the second plotted on

(one second timer)

Channel 1: — } / \
M  / i

 ___/  L/ \
(local fabrication-continuous plot)

  off _____ _____ _____ _____ _____

Channel 2:

  on ____ ______ ■ ___________ ____

(Model 780 - 14A Transducer--off-on indication)

Fig. 4,3. Sample of Oscillograph Trace

Channel 1 of the recorder, was a locally fabricated device 
which measured chest expansion continuously and is an analo
gue.



1.. Twelve.subjects were selected for testing. 
Chapanis (1959) states; • ."...you- should plan on an adequate 
number of subjects. '* Although 12 .subjects are minimal for 
reliability of results,.this.number was considered maximal 
with the time and resources available. ij

2. ' Each subject served as his own control. Four 
subjects were run in the-morning and eight subjects in the 
afternoon. Two subjects were females and 10 were males. 
Their age ranged from 18 to 34 years. Their driving exper® 
ience ranged from about i months and 3500 miles to about 17 
years and 125,000 miles. Two subjects were members of the 
military who were spending two years in study. Each subject 
drove under two conditions; experimental and control. Each 
drove the same time of the day on each test.

3. . Only subjects were selected who were prone to 
drowsiness while driving and in a good state of health. 
Appendix.B contains a Biographical Questionnaire used in 
the selection of subjects.

4. The subjects were requested to follow a schedule 
in preparation for the test. Written instructions were 
given each subject prior to the day he reported for the 
test. (See Appendix C) Specifically, coffee or tea were
to be omitted at breakfast- for morning subjects and at lunch 
for afternoon' subjects and smoking was prohitied during the
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50 Information about the test run and instructions 

were read to each subject as he drove out to the starting 
point of the test route, . (See Appendix D)

6, Each subject drove, the experimental ear 10 miles 
to the test route which allowed time and experience for ad
justment to the ear before the test began,

7, The subjects were all familiar with the route.
In the pilot test, it was found that a subject who had not 
traveled the route previously, found the desert scenery 
interesting. In this case, it was felt that the newness of 
the route acted as a stimulus to retard drowsiness. Sub
jects were notified well in advance of the experiment and 
were asked to drive the selected test route at their con
venience (if they had not done so in the past) prior to 
their scheduled test,

4,6,4, Experimenter. One person, the author, 
served as experimenter on all test runs. He had set up the 
instrumentation and was familiar with all its idiosyncracies. 
He recorded minute by minute counts, put appropriate marks 
on the oscillograph tape, watched the subject and applied 
the stimuli. He had to guard against the subject going 
entirely to sleep and running off the road. There was thus 
sufficient activity for his continued alertness in spite of 
occasional tendencies to become drowsy himself.
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In order to Insure that the experimenter adminis® 

tered all tests in the same manner, he utilized an Experi=> 
menter6s Check List, Fig. 4.4.

4.6.5. External Conditions.
1. It was decided to start the experiment at 1:30 

p.m. on each weekday. In the pilot test, one subject was 
tested starting at 4 p.m. and it was found that the temper® 
ature cools down considerably by that time of day. ,The 
start of the run at 1:30 p.m. was decided upon because the 
temperature would be warm and being shortly after lunch it 
would be a time conducive to drowsiness. It became neces® 
sary, however, to run four subjects in the morning. In 
order to maintain about the same temperature on the morning 
runs .as on the afternoon runs, it was decided to close the 
driver8s window and use'the vehicle heater, if necessary.
In this manner, it was possible to bring the morning driv
ing temperature to somewhere near that experienced in the 
afternoon. Thus, morning subjects were warmly comfortable 
and were not stimulated by. cool morning air.

An unavoidable difference for the four morning sub
jects on the morning test was the position of the sun rela
tive to the subject and the ear during the test and the 
change in its resulting glare. However since each subject 
was his own control and made the morning test under both
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, EXPERIMENTER»S CHECKLIST

1, Install all equipment (to includes paper for oscillo
graph s device to wind paper, atomizer, and observer9s 
record) at the University of Arizona, Clean windshield 
and windows of vehicle,' Set windows and vents to test 
position, . ..

2, Check out operation, of timer and counters for ace@l@r«= 
ator pedal reversals .and steering wheel reversals. 
Increase or decrease friction of switch mounting if 
necessary. Check out the plotting of respiration by 
the oscillograph recorder,

3, Meet with subject.
4, Read instructions to subject.
5, Place respirator' belts around subject and allow him to

adjust for comfort. Check plot and counting. Remove 
steering reversal bar.

6, . Drive to the site of test start and stop vehicle.
7, Place headband around subject5s head such that the ,

stimulus tube is in close proximity to the subject8 s 
nose. Allow subject to adjust headband and tube for 
comfort. • " "

8, Ask for any further questions,
9, Start test.
10, Monitor respiration closely and apply stimulus by 

squeezing the bulb three times when the subject8s 
respiration pattern indicates drowsiness. Depress 
"MARK" switch when the stimulus is applied and write 
"STIM**. -

11, Should the respiration pattern indicate drowsiness on
• subsequent occasions throughout the test, apply stimu® 
lus each time as above.

12, Do not talk to subject after start of test; do not use 
radio; do not smoke.

CAUTION; Treat all subjects alike. Do not change your 
procedures as you progress.
Fig. 4.4. Check List Used by Experimenter
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experimental and control conditions this difference is not 
crucial to the experiment,

2, All subjects were tested on week days. It was 
assumed that any weekday, except a holiday, would be suffic
iently similar in traffic conditions to serve the purpose. 
The pilot test had showed that weekend days would present a 
problem in that many other vehicles would be on the road and 
present distracting stimuli,

3, The criteria for route selection were that it 
should be monotonous, litttle<=>traveled, and have non-stimu
lating characteristics. The route originally selected, and 
used for the pilot test, was a relatively narrow two-lane 
highway. It was found that the frequency of opposing 
traffic presented an unwanted stimuli, .It was also noted.in 
the pilot test that there should not be any tourist attrac
tion along the route (such as Kitt Peak National Observa
tory which was on the route in the pilot test). The route 
selected for the experiment was 40 miles along U.S. Route
80 East from Tucson, which is a divided four-lane highway, 
and 20 miles along Arizona Route 90 South to its inter
section with Arizona Route 82 which is a wide two-lane high
way with low traffic density. The test run was made in both 
directions along this route thus making 120 miles total and 
usually took about 2 hours.
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4e The temperature, humidity, brightness, and wind 

condition were as constant as could be arranged. The test 
runs were postponed when weather conditions varied to any 
great degree,

4,6,6, Treatment,
1, The treatments given were the smelling salts and 

a placeboboth described in Appendix A, Subjects were-ad
vised that they would be subjected to various stimuli during 
the test but they had no knowledge of "what the test stimuli 
were. In addition, the experimenter who accompanied the 
subject in the vehicle had no prior knowledge of whether the 
smelling salts or placebo was used on any particular run. 
Because of the requirement to unseal the treatment bottle an 
and connect it' t6 the atomizer, the observer could have 
dicriminated which stimulus it was; however, he made a con
scious effort not to do so and to take the data as it came,

2,: ' Application of the stimulus presented a problem. 
An obvious method is to allow the subject to decide when he 
becomes drowsy and to let him apply the stimulus at that 
time,; There are a number of disadvantages with this 
approach, (a) It assumes' the subject is capable of deter
mining his own state of alertness. With respect to this 
assumption McFarland (1966) states ".,.any participation on 
the part of the subject who is falling asleep is usually 
unreliable,81 (b) The mental effort of watching for
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drowsiness would itself afford a stimulus that could affect 
drowsiness» (c) The physical movement to reach for, apply
and replace the vial also acts as a stimulus. After careful 
consideration of these effects, it was decided to adopt a 
different approach.

The observer monitored the several response vari» 
ables as they appeared on the oscillograph and the counters. 
He used his observation-of the subject as the primary evi
dence of drowsiness and the analogue plot and ON-OFF plot 
of respiration as secondary evidence. When he judged from 
these sources' of evidence that the subject was drowsy, he 
applied the stimulus (either smelling salts or placebo, 
whichever was in the bottled used for that run.) An 
’’atomizer” device was used to spray the vapor through a r 
tube-and into the air space immediately below the subject9s 
nose. The end of the tube was rigid and was shaped.so that 
the vapor would-exit immediately below the subject8s nose. 
The tub© was secured on the subject8s head by means of an 
elastic belt and positioned so that the air stream did not 
contact the subject8s skin and in any way cause a tactual 
sensation,

4,7, Post Experiment Interview,
At the completion of the second test drive and on 

the way back to the University each subject, (except
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subjects 4, 5 and 8) was asked a set of questions (Appendix 
E), Subjects 4,5, and 8 were not asked the questions until 
a number of days after they had completed their second test. 
The answers to the questions were recorded on a portable 
tape recorder for later analysis6 Appendix F contains a 
brief discussion of the comments of each subject and any 
pertinent events which took place during either of his test 
runs. Appendix Q contains a tabular presentation of the 
number of applications of stimulus given to each subject on 
each segment of both his tests. It also lists the treat® 
ment. tested, on each test.



CHAPTER 5

..ANALYSIS OF DATA .

5.1. Data Reduction,
.Prior to analysis' of the.data it was decided to 

plot some of the raw data on a time=>related distance scale 
in order to get an idea of any natural trends in the 
response variables. The minute by minute counts of steer® 
ing reversals and respiration cycles were plotted. Fig.
5.1. shows a sample of these plots. For both treatments, 
placebo and smelling salts, a complete plot was made for 
the minute counts of steering reversals and respiration 
cycles for the entire test runs. Plots for accelerator 
reversals were not made because the counts were seen to 
change very little and to range from 0 to 2 or 3 counts per 
minute for most subjects. The abscissa is in miles from 
the start of the test to the junction. Minutes of test 
time are spaced at equal intervals over the test segment 
(assuming an approximate constant' speed of the vehicle) and 
super®imposed over the scale of the abscissa. The ordinate 
is in counts per minute.

The areas of interest for this experiment on these 
several plots are those close to the points at which the
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Response Variable: steering wheel reversals
Treatment: smelling salts
Segment 1: from the start of the test to the junction
Period: depends upon subject

Subject 1:
30

Counts/ 20 
Minute 10

Subject 2:
40

Counts/ 30 
Minute 20

Minute of test

3 4 5 6 7 8 9Minute of test

Subject 12:
30

Counts/ 20 
Minute 10

Minute of test

Fig. 5.1. Sample Plot of Raw Count Data
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stimuli were applied. The critical question is whether the 
stimuli had some effect upon the three criteria used for 
drowsiness. To investigate this question the minute counts 
on the three criteria (including accelerator reversals in 
this analysis) were compared. The count immediately follow® 
ing the minute in which a stimulus was applied was compared 
to the count in that minute of application.

This analysis is a very rough one which was used to 
obtain evidence from the plots and raw data. For this 
reason the results were shown simply in terms of "yes", 
indicating that the expected change in the count oceured, 
or "no" indicating that"the expected change did not occur. 
The expected results according to the information derived 
from the literature were as follows; (a) accelerator rever® 
sal counts should go up, (b) steering reversal counts should 
go. up, and (c) respiration cycle counts should go down.

The analysis of whether the data changed, in the 
expected direction is shown in Table 5.1. A Chi Square 
Test was made for each criteria using the null hypothesis 
that treatments (smelling salts and placebo) were equal.
No significant difference between smelling salts dnd place® 
bo was found under this hypothesis.

If the null hypothesis is taken to be that neither 
of the. stimuli produce a change in the criteria, then the. 
increase of the number of respiration cycles after
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Table 5.1. Preliminary analysis of minute

by minute counts of three criteria 
______in terms of expected changes.*____

Criteria of Drowsiness
Agree
ment
with ex
pected 
change

Acceleration
Reversals

Steering
Reversals

Respiration
Cycles

Sum
mary

Placebo
Smell
ing
Salts Placebo

Smell
ingSalts Placebo

Smell
ing
Salts

Yes 6 7 18 17 16 22 86
No 21 23 9 13 11 8 85
TotalStimu
lus
Applications.

27 30 27 30 27 30 171

^Summarized from Appendix H.

application of the smelling salts reaches the .05 level of 
significance in the expected direction, but there is no 
other significant effect. In fact the accelerator rever
sals change in the direction opposite to that expected.
This analysis does not give weight to the amount of change.

5.2. Data Reduction According to the Experimental Design.
A more powerful test was possible from the experi

mental design than was used in setting up the experiment.
The formal design that was used was a simple change

over design (pedderer,1955). It is a balanced design which has
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two restrictions: (a) the treatments are all included in
each replicate (subject), and (b) each treatment must be 
applied an equal number of times in each period. The 
design as carried out is shown in Table 5.2.

TABLE 5.2. Simple Change-over Design,
Showing Treatments.

Subjects 1 2 3 4 5 6 7 8 9 10 11 12
First Run A A A B A B B A A B B B
Second Run B B B A B A A B B A A A

Treatment A: smelling salts
Treatment B: placebo

A and B are randomly assigned but such that each occurs in 
the first run an equal number of times.

Experimental Model:
yijkl = w + + r. + + •lJkl

w = grand mean
c^ = ith column (replication or subject) effect 
r^ = jth row (period) effect
t = kth treatment (smelling salts or placebo) effect
e = random error ijkl

In order to obtain data to bring out the effect of 
the stimuli given to the subject, the counts per minute of
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the three criteria measures were taken for each of the two 
minutes after the application of the stimulus and the count 
for each of the two minutes prior to the application. The 
mean differences of these counts became the preliminary 
data. In other words, each piece of preliminary data was 
computed by the following formula:

y = (a^ + a2)/2 - (b^* b2)/2

where a^ = ith count after application, 
b^ = ith count before application.

The mean of the y's for each subject on each of his two runs 
became the final data entered into the design shown in 
Table 5.2. as A.or B.

The analysis of variance table for the change over 
design for each response variable is listed in Table 5.3. 
From the analysis, it was found that there is no signifi
cant difference between the effect of the placebo and the 
effect of smelling salts as these effects are measured by 
any of the three response variables. In addition, there is 
no significant row effect, which means there is no order 
effect, and no learning.

5.3. Further Statistical Analysis.
Since there was no significant difference found for 

any of these three variables between the response to smell
ing salts and to the placebo and also because the plots of
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TABLE 5.3. Analyses of Variance of Count Data

Response Variable Acc. Pedal Reversals
St. Wheel 
Reversals RespirationRate

Source df MS F MS F MS F
Subject 11 1.049 2.407 8.614
Row 1 .027 ns .24 ns 3.93 ns
Treatment 1 1.932 ns 1.53 ns 8.614 ns
Res idua1(error) 10 .994 28.46 16.019
Total 23 »

the counts, as shown in Fig. 5.1., looked to have no obvious 
stimulus effects,, the question should be asked: Did the
subjects actually receive the stimulus? In answering this 
hypothetical question, the oscillograph tapes which were 
analogue records of the circumferences of subject's chests 
were reviewed and the portion of the tape showing the time 
that the stimulus was given was analyzed. A sample was 
taken for the plot about each stimulus by taking a reading 
at each of the 10 seconds prior to the application of the 
stimulus (called "before") and at each of the 10 seconds 
after the application (called "after"). In other words, 
there were ten preliminary data "before" and ten prelim
inary data "after" for each application of the stimulus 
to each subject.



76
A statistical analysis was performed to test the 

difference between the variances of the "before" and the 
"after" preliminary data, because such variance represents 
the change in chest expansion and thus the depth of respir
ation before and after stimuli. A computer program was 
written to calculate the sum of squares and degrees of free
dom for each subject, treatment and data sample. The 
pooled variances "before" and "after" were also calculated 
by the same computer program using the following formulas:

s2 ^ ss 1,1,1**** '*’ss12,1, l'*’ssl, 2, 1*' **’>'SS12,2,I
poo led< before)  ̂̂   ̂2

S2 = SS1,1-, 2** * * *SS12,1,2^SS1,2,2*,**+SS12,2,2
poo led ( a f ter) y +«*# ̂.y +y +#*# +y

1,1 12,1 1,2 12,2

where SS^j^ = sum of squares for the ith subject, with the 
jth treatment, and the kth data sample ("before" or "after"), 
and v^j is defined similarly.

Using the F-ratio test, it was found that:

F ° U  W o r e  = 44*122 
which is highly significant. This is reliable evidence that 
subjects responded to the stimuli by deepening their res
piration.

A similar analysis was used to compare the combined 
before and after variances for the placebo to the combined
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variances of the smelling salts. Using the F-ratio test, 
it was found that:

F = MS (smelling; salts) = , 977 
MS(placebo) '

which is significant at the .05 level.
Since the "before stimulus" variance was shown 

above to be exceedingly small when compared to the "after 
stimulus" variance it follows that the significant differ
ence between the "placebo” variance and the "smelling salts" 
variance is almost entirely due to the difference between 
the "after placebo" variance and "after smelling salts" 
variance. This is corroborated by visual inspection of the 
original oscillograph records. The analysis therefore pro
vides reliable evidence that not only did subjects receive 
the stimulus but that they responded to the smelling salts 
by breathing more deeply than in responding to the placebo.

5.4. Evaluation of Subiects1 Comments.
There was a great deal of disagreement among the 

subjects as to whether or not the stimuli were effective and 
which stimuli (on which test run) was more effective.
Because of this difference between subjects, no conclusions 
can be drawn from these answers as to the effectiveness of 
the experimental stimulus. The subjects were in agreement 
that the test run was a monotonous drive and most listed
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"no scenery", "no traffic", and "monotony" as the reasons 
for their drowsiness.

Among the comments made by the subjects were their 
suggested measures of relieving drowsiness; i.e., their own. 
solutions to their problem of driver drowsiness. Most 
listed playing the radio, making conversation, and singing 
along with the radio as solutions. Others stated that 
changing positions, removing the shoe from the right foot, 
and driving with left foot on the accelerator helped. One 
or two suggested doing isometric exercises, slapping the 
face, and tracking other vehicles.

Of these suggested solutions, it would seem that 
the categories of physical movement and mental activity 
would afford effective measures. Isometric exercises 
demand muscular activity and would seem to be effective, 
providing that they do not interfere with the driving task. 
Mental exercises would also seem to be effective in retain® 
ing alertness. Subject 12 on the test stated that keeping 
count of the distances'to various places on the trip, or 
tracking following and leading vehicles were helpful meas® 
ures. Tracking other vehicles traveling in the Sam© diree® 
tion seems an excellent'idea because it detracts only a 
little attention from the driving task.
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5» 5. . Subject Behavior Compared to Criteria,

As indicated previously, the expected changes in 
the count data during drowsiness were; (a) accelerator 
reversal counts should go down, (b) steering reversal 
counts should go down, and (c) respiration cycle counts 
should go up. In general, the count data was not consis
tent with these expectations.

Accelerator reversal counts were not considered 
useful in this experiment because they did not change 
appreciably for any subject on any test run. Steering 
reversals were analyzed and found to be inconsistent. For 
example, subject 1 during period 2 exhibited a relatively 
low steering reversal rate during the first 3 segments of
the trip, ' On segment 4 he became very sleepy as evidenced
by restlessness, yawning, moving around, stretching, adjust
ing glass, scratching head, leaning forward, etc. During 
this time his steering reversal rate was high compared to 
the earlier part of the trip. As he fell asleep and went 
off onto the shoulder (to be awakened by the observer), 
his reversal rate was about the same as it had been during 
the early part of segment 1 when he was relatively alert. 
Subject 6 on period 1 became very drowsy and wandered onto 
the shoulder and into the wrong traffic lane. At this time, 
his reversal "rate was higher than, it had been for the
entire trip. Subject 9 on period 1 was so drowsy as to
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close his eyes. At that time, his reversal rate was about 
his average for the trip. There had been numerous lower 
counts when he evidenced alertness.

Respiration cycles were also found to be inconsis
tent with expectations. Specifically, subject 1 on period 
2, as mentioned above, was very restless on segment 4 and 
fell asleep. At this time, his respiration rate was about 
his average for the other segments of the trip, during 
which he was alert. Subject 6 on period 1 exhibited a very 
low count during the time when he was drowsy and wandering 
out of lane. As subject 9 on period 1 closed his eyes his 
count was a bit lower than his average count. From these 
results, it appears that respiration rate either decreases 
or remains the same during drowsiness.



CHAPTER 6

DISCUSSION AND CONCLUSIONS

■6*1. Discussion of Resultsn
A most interesting fact to com© from this research 

is that according to the criteria for drowsiness used, 
substantiated by experimenter observation and subjects8 
reports, all of twelve subjects tested became drowsy at 
least once on both of his runs. In addition, one subject 
fell asleep completely, went off onto the shoulder and had 
to be awakened by the observer. Three other subjects 
closed their eyes and fell asleep, but awoke almost imm@d<= 
lately. This “total” onset of drowsiness, could not be 
considered' typical of all drivers in all stituations but 
is probably a result of the experimental procedures used 
to induce drowsiness. Nevertheless, the uniform occurence 
of drows'indss even unddr these conditions is surprising and 
emphasizes' the practical importance of the problem,

6«2» Possible Conclusions,
The first analysis of raw data and plots showed a 

significant change' in the expected direction of only res
piration ratê  and that only'after the stimulus of. smelling 
salts. The more thorough statistical analysis using the

81
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change over analysis found no significant difference at 
all between the. driver9s response to smelling salts and to 
the placebo on any of the three criteria: counts: of
accelerator, pedal reversals, steering wheel reversals, and 
respiration cycles.

The results of the two analyses differ, only in that 
there was a significant increase in the respiration cycle 
count found in the first analysis and not in the-second. 
This can be accounted for in the-different manner of tak
ing and utilizing the data. The nett conclusion that is 
to be drawn from the analyses is that of the three 'cri
teria respiration rate looks to be the most promising 
criteria but that the experiment did not in these results 
produce reliable evidence that smelling salts was an aid 
to alerting the subjects from a drowsy state,

, On the other-hand the activity Of the subjects as 
observed by the experimenter and given in some detail in 
Appendix F indicates that there was some alerting pro
duced by the smelling salts. Logically there seem to be 
four possible reasons for the lack of statistical -evidence 
for alerting response to the smelling salts, (a) The 
three response variables as measured may not b© valid 
criteria for the drowsiness-alertness state, (b) The sub
jects, may not have been drowsy and thus no relief from 
drowsiness was necessary and no alerting was done.
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(c) Smelling sales may not be an alerting stimulus, (d)
The subjects may not have received the stimuli.

6.2.1. Validity of the Drowsiness Criteria. The 
'three, measures used to serve as criteria for drowsiness 
were selected largely because.previous investigators had 
used them and indicated their validity. Because of this 
apparent inconsistency of the results of the present exper
iment with the previous reports, each of the three criteria 
are briefly reviewed.

Accelerator pedal reversals are considered by Platt 
(1964a) to be the primary indicator of the driver6 s con«= 
trol over his vehicle speed. The inconsistency of results 
might foe due to some • unknown difference in the power of 
the vehicles used in the two investigations. The experi
mental vehicle utilized in this test was of 1960 vintage 
and was equipped with a 6 cylinder, rather low horsepower 
. engine. The response of the vehicle to accelerator pedal 
movement was anything but rapid. A number of subjects 
commented that on hills the vehicle could only deceler
ate and acceleration was not feasible. For this reason, 
it is. possible that accelerator pedal response was not as 
sensitive as it should be in the present experiment. A 
more powerful.experimental ear might change this.

Steering wheel reversals have been found to foe the 
most frequent driver action (McFarland and Moseiy$ 1954)
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and1 to be the most sensitive measure of the driver's 
response (Platt, 1964b. and Greenshields, 1963). Hulbert 
(1963) and Greenshields (1963) are in agreement that 
steering- reversals decrease from the subject's normal rate 
when he becomes drowsy. Platt (1964a) states that the 
steering reversal rate should remain constant and that a 
rate above or below the driver's norm shows a decrease in 
performance. . Platt (1962) comment's that "....as the driver 
relaxes too much, or becomes tired,.his steering reversal 
rate is reduced measurably from his norm." .Somewhat 
differently. Safford (1965) concludes that steering rever
sals tend■to increase with passage of time, but that 
reversals increase with drowsiness for some people and 
decrease for others.

. The evidence of the present experiment tends to 
support Safford's conclusions. A number of instances were 
found in which the subject was definitely drowsy and yet 
exhibited a high steering reversal rate. On the whole the 
rate of steering reversals seemed to vary from person to 
person and also from moment to moment rather than being a 
reliable criteria of drowsiness.

Respiration is a somewhat different story. Res
piration was recorded in two ways for this experiment:
(a) by counting inspirations per minute and (b) as an 
analogue line of chest expansion on an oscillograph. At



this point only the counted data are being considered in 
the discussion of the results.

Looking back at the literature briefly it is seen 
that breathing was found by.Hulbert (1963) to become very 
regular and shallow as drowsiness occurred.

Kleitman (1963) reported a lack of agreement among 
experimenters on the changes in respiration with the onset 
of sleep. He attributed this to the irregularity of r@s<= 
piratory movements. In successive tests on the same sub®. 
ject, he found that the rate varied considerably as did 
the type of change as drowsiness occurred.

During the test runs in the present experiment, 
regularity and shallowness, were.used by the experimenter 
as indicators of drowsiness and thus as signals to apply 
the stimulus because the respiration rate was expected to 
increase with drowsiness. It was found that for some of 
the subjects in this experiment this increase in respira® 
tion did not occur. As given in some detail in Chapter 5, 
the breathing rate of some subjects did not increase with 
drowsiness. Nevertheless in the tough preliminary analyses, 
the breathing rate did increase significantly after the 
smelling salts stimulus. This uncertainty lead to a closer 
examination of the oscillograph record. The data obtained 
on depth of breathing point to it as the most promising 
of the three criteria of drowsiness, and indicate that
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the use made by the experimenter of the respiration data 
as one of the signs of drowsiness was not in vain.

6.2.2. Drowsiness of the Subjects. The experi
menter monitored the count data on the three criteria, 
the analogue plot of respiration, and the behavior of the 
subject. Since results are not entirely consistent, the 
question has been raised whether or not the subjects were 
in fact drowsy and therefore no relief could be provided 
by an alerting stimuli. • .

The'experimenter used his observation of the sub
ject as the primary evidence of drowsiness. He used the 
analogue plot of respiration and also the OH-OFF plot of 
respiration as secondary evidence. In all eases, his 
judgment of the subjects8 drowsiness was based on one or 
another and sometimes all three sources of evidence. In 
most cases, the experimenter9s log shows something similar 
to the following examples. Subject 8 on period 1 was 
drowsy prior to the second application of the stimuli as 
the experimenter recorded "changing speeds, moving around, 
yawning, looking around." For subject 2 on period 2, the 
experimenter noted prior to the second application of the 
stimuli "weaving and yawning." These observations plus 
other observations of the subject1s behavior which were 
too voluminous to record indicated quite clearly at times 
that subjects were in fact drowsy and even asleep.
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Although subjects comments cannot always be relied 

upon as reliable evidence it is interesting to not© that 
in almost every ease/ the subjects confirmed a feeling of 
drowsiness' during the segment in which the stimuli were 
given,

6.2*3. Smelling Salts as a Relief for Drowsiness. 
There is a possibility that smelling salts is not effective 
in relieving drowsiness,/ The reasons for choosing it for 
the independent variable' of. this experiment have been given 
earlier (Chapter 4), One possible difficulty her© is that 
the control placebo used was an odor. In a normals- every
day situation, one would expect that an odor would serve as 
a good control for comparison with smelling salts. On 
the other hand, in the driving situation, the driver9s 
olfactory information channel is relatively free of traffic. 
For this reason, it is possible that.any olfactory stimulus
would cause a response. .

* .

nevertheless the first analyses did not demonstrate 
the validity of the criteria chosen nor the effectiveness 
of-the experimental treatment. For this reason a more 
thorough study of the analogue record of breathing was made.

The respiration count data is defective in two 
respects,' (a) It is taken over a period of on© minute and 
provides no detail for specific points during this time 
interval of the minute. It seems that counts per minute
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may be too coarse a measure,, Counts over shorter periods of 
time could perhaps be more informative, (b) The second 
defect of the respiration count data is that it gives no 
evidence as to the depth of - breathing and this may be quite 
serious for the present study.

It was possible by analysing the oscillograph 
record of respiration to learn something about whether the 
above defects in the respiration count data were serious 
enough to distort or cover, over important information and 
also .to cheek whether subjects received the stimuli. A 
thorough analysis of an oscillographic record is a long 
and inefficient way to obtain data. For this reason such 
analyses are avoided. However it seemed necessary at least 
to sample.the oscillographic record to resolve some of the 
problems discussed above.

The data was sampled from the analogue plot of 
respiration at each of the 10 seconds before the applica
tion of the stimulus and at each of the 10 seconds after 
the application of the stimulus. The variances of the data 
in each of these 10 second periods .were computed.

The variances for the placebo stimuli, both before 
• application anti after application, and the smelling salt 
stimuli, before and after application, were also pooled and 
compared. There was a significant difference between the 
depth of breathing after the placebo and after the smelling
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salts. The smelling salts was followed by a 10 second per
iod of deeper breathing than the placebo. From this result 
the conclusion is reached that,smelling salts is effective- 
in relieving drowsiness for a brief period of time,

6,2,4, Application of Stimulus, The variances of 
the analogue data in the period before application and 
those in the period after application were computed; Such 
variances were pooled to compare depth of breathing before 
stimuli and after stimuli; the results showed a very large 
difference. This was strong evidence that subjects did 
receive the stimuli. This was also confirmed by subject 
reports. Therefore we can rule out the possibility that 
the subjects did not receive the stimuli,

6,3, Summary and Conclusions, •
A further result coming from the analysis of the 

oscillographic record is.that the counting of respiration 
cycles over periods a minute long does miss important 
respiration information. Since the respiration cycle count 
was the most promising of three measures used for criteria 
of drowsiness we must conclude that all three of these 
criteria as measured in this experiment are defective.
This is contrary to statements found in the literature but 
seems unavoidable from the evidence of this experiment.
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FinaIly.there is the main problem of investigation: 

do smelling salts relieve drowsiness? This question cannot 
.be answered by the evidence of this experiment in a cate
gorical manner. The count data failed to give an affirma
tive answer, but did .not give.-a negative one. The oscillo
graphic record showed a significant increase in depth of 
breathing fdr a 10 second period for both placebo and smell
ing salts, ,. If we accept the conclusions of some authors 
(Oswald, 1962 and Hulbert, 1963) that shallowness of breath
ing accompanies drowsiness, then it appears that for a per
iod of 10 seconds both placebo and smelling salts relieve 
drowsiness. The data of this experiment has not been ana
lyzed for longer period of time. The observation of the 
experimenter•confirms the conclusion that for brief periods 
(more than 10. seconds) the stimuli did relieve drowsiness, 
but that it was not effective over long periods of time,

6.4. Extension of This Thesis,
This experiment suggests numerous areas for further 

experimentation. Some of these possibilites are listed 
below:

1,' The fact that there is a large difference in. 
the behavior of subjects when drowsy seems to indicate that 
a more intensive study of drowsiness in a few subjects,' 
both when driving and in other situations, would be ©f 
value.
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2. Since most subjects commented on the monotony 

of the highway and the driving task and the boredom they 
experienced, an experiment might be designed to give the 
driver a vigilance task and test whether this keeps him. 
more alert„

3* The usefullness of the information obtained 
from the few drivers who fell asleep during this experiment 
indicates that it could be valuable to use a dual-controlled 
test vehicle in future tests to avoid the hazard of acei« 
dents in that the observer could take over driving and 
allow the subject to fall asleep while driving,

4, An analogue measure of depth of breathing may 
be a better criteria for drowsiness than any of the three 
used in this experiment, A further study using this eri<= 
teria seems warranted.



APPENDIX A

SHELLING SALTS USP PREPARATION

Aromatic Ammonia Spirit is a solution of ammonium 
carbonatej, diluted ammonia solution 9 and alcohol in puri
fied .water with lemon- oil$ lavender ©11 „ and myristica oil. 
It is a nearly colorless liquid when recently prepared but 
gradually acquires a yellow color on standing. It has the 
taste of ammonia, has an aromatic and pungent odor, and is 
affected by light.

Category; Reflex stimulant 
Application; By inhalation of the vapor as 

required.
The actual contents of the smelling salts used in 

the study were as follows; Ammonia and Ammonium Carbonate 
in Spirit of Lavender, Alcohol about 25% by weight.

The placebo contained Lavender water.



APPENDIX B

BIOGRAPHICAL QUESTIONNAIRE 

TO _________
PLEASE COMPLETE THE FOLLOWING AND RETURN TO ME.

I. Personal Information
A. Names
B0 Ages
Co Weights
D. Height
E. Occupations 

II. ' Driving Data
A. How long have you been driving! (Years and 

miles driven)
B. Do you ever become drowsy while driving?
C0 How long are you able to drive continuously?
De What have you. found which helps you to relieve 

drowsiness while driving? (For examples Tum<= 
ing on the radio, smoking a cigarette, drink® 
ing coffee before departing, etc.)

E. How much driving do you normally do? (Miles 
per year)
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III.

IV.
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Sleep Habits
A. Approximately how many hours of sleep d© you 

.get each night? . -
S. What time do you normally get to bed at night?
Co Do you ever become drowsy after lunch?
Present' Health
A. What is the present state of your health?
Bo Are you troubled by sinus or other respira

tory ailments? If yes„ please comment on what 
type and how much.

Co Are you presently taking any sort of drugs?
If yes, please explain.



APPENDIX C

Handout Given Subjects Prior to 
Reporting for Test,

Pleas© comply with the following;
No coffee or tea for four hours before test.
No drugs for the last 12 hours.
Get a normal night8s sleep the night before the test 
(same as you usually do)„
Eat breakfast and lunch as usual, (If you never do, don8t)
Above all, prepare in the same manner for both runs.
Report to Room 127 Engineering Building at* fs 30 p.m. the 
day of the test.
You are scheduled for

Ifdate and time)
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APPENDIX D

INSTRUCTIONS READ TO THE SUBJECT AT THE 
BEGINNING OF THE TEST

This is an experiment to measure certain response 
variables of the operator of a vehicle during its opera- 
tion. During the 'test you will be exposed to various 
stimuli, such as sounds, light, and smell„ You are asked 
to disregard these stimuli and direct your attention to the 
driving task,-

Do not be distracted by the experimental equipment. 
The device on the steering wheel measures steering wheel 
reversals. That, on the accelerator measures accelerator 
pedal reversals. The belt (show subject .belt) will be 
used to monitor your respiration throughout the test. 
Breathe normally and disregard the fact that your breath
ing is being measured. The tube (show tube) will be placed 
near your nose and will be used to expose you to certain 
smells.

You will be asked to drive this vehicle from her© 
to near Sierra Vista, Arizona and return, a total distance 
of approximately 120 miles (show subject route on map).

96



You will be asked to remain inside the vehicle until the 
test is completed and there will be no rest stops along 
the way.

Maintain a constant speed for the trip. In other 
words, drive at approximately 60 MPH the entire way.

While you are driving$ please refrain from eon<=> 
versing with the experimenter. This requirement of 
silence is imposed to maintain constant experimental eon=> 
ditions. In addition, pleas© do not play the radio, do not 
chew gum, and do not smoke,

- The driver8s window has been fully opened and the 
hood vent is open. Pleas© allow these to remain in that 
position throughout'the experiment.

If at any time during the experiment you feel it 
would be detremental for you to continue, please let the 
experimenter know.

Do you have any questions? (Allow subject to ask 
any questions,)

If there, are no further questions, we will begin.



APPENDIX E

POST EXPERIMENT DEBRIEFING

This is subject number; .
Did you feel drowsy at any time during either test run? 
There are four distinct road sections in the test: the
interstate to the junction; the road to the.Upturn; the 
return to the interstate; and the interstate to Tucson.
Gan you remember in which section you became drowsy arid ■ 
what part of that, section, on both tests?.

Did the odor which you smelled from time to time dur« 
ing the tests give you any relief from drowsiness?

Could you tell any difference in the effect the odor 
had on your drowsiness on the two runs? Could you compare 
the two runs in this regard?

What do you feel made you drowsy during the test?
Did the glare particularly bother you?
What about the monotony of the highway?
Does the speed of the vehicle bother you? In other

words, the.fact that you had to maintain approximately 60 
MPHo

Does opposing traffic stimulate you? In other words, 
keep you more alert.
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Does traffic travelling in the same direction stimu«= 

late you? When you pass them or when they pass you?
Does the sun disturb you?
How about ventilation and climatic control inside the 

passenger compartment?
Does the background noise of the experimenters equip

ment tend to make the condition more monotonous?
Do you do anything to prevent going to sleep when you 

drive on a long trip in your own vehicle? What do you do?
Do you have any further comments?



APPENDIX F

SUMMARY OF THE EXPERIMENTAL RUNS FOR 
EACH SUBJECT

Appendix G lists the numbes1 of applications of 
stimulus given to each subject on each segment of both his 
tests,. It also lists the treatment tested on each test0 
The salient events from each experimental run are listed 
below* by subject tested* In addition* comments of the 
subjects to the post experiment debriefing (Appendix E) 
ar® given* " '

Subject 1
;On the first test* this subject received 8 appli® 

cation® of the stimulus* more than for any subject on any 
other test run* This occurrence seems due in part to the 
fact that this was the flrst^data taking run of the experi«= 
ment* : '

Subject became .very' drowsy on the return trip on 
the second test* as evidenced by moving'around* stretching* 
adjusting glasses* leaning forward* etc*' Five minutes 
after receiving a stimulus (placebo)* he closed his eyes 
and went off onto the shoulder of the road. At this point* 
the observer shook his shoulder and awakened him*
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. During the question and answer period after the 

second;run, he stated that the stimuli given on each trip 
afforded no relief =, He commented that he felt the one . 
tested on the first test was stronger, but it also had no 
effect. He'felt that boredom caused his drowsiness and 
that more traffic on the road would have helped him to 
stay alert. His solution to driver drowsiness is to turn 
the radio on and smoke a cigar,

Subject 2
Subject was given the stimulus (smelling salts) 

only ©nee on the first test, in spite of the fact that he 
appeared drowsy throughout most of the test. It is felt 
that the experimenter overeorreeted for the 8 applications 
given subject 1 on the previous day by giving subject 2 
only one application,

Th® day of the second test run was cooler than that 
of th® first test and the weather became cloudy at times.
In spite of this, the subject became drowsy and the stimu
lus (placebo) was 'applied twice. He was yawning and look
ing around (res ties s): prior to the first application and 
weaving and yawning before the second.

He commented afterwards that he smelled the stimuli, 
but was not sure of their effect. On th© first test, it 
(smelling salts) shocked"him awake; on the second test it
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(placebo) was a more normal odor. He felt the stimuli were 
the same on both tests and that they had the same effect.
He stated that sitting and not doing anything,., in addition 
to the monotony of the highway and the length of the drive 
made him drowsy,' ' '

His. ideas eh relief of drowsiness are: good venti
lation music and conversation. The main purpose'.of a 
stimuli to relieve drowsiness, he says,, is that it must.. . 
“make you aware of Where you'are,“ He-noted also that the 
changing weather conditions (rain and wind) at the end of 
the second test alerted him very much.

Subject 3
She received the stimulus (smelling salts) twice 

on the first test and had.evidenced drowsiness prior to ■ 
both. On the second'.run,; the subject wandered out of lane 
prior to the first of the two applications given on that 
test, ■ .

After the second test, she commented that the stim= 
ull seemed to alert her and she reasoned that they had 
because they were something different from the highway 
environment. She found ho difference between the two. 

Drowsiness was' Caused by. the warm sun and the 
monotony of the highway and more curves or traffic would
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probably help. She felt the sun made her drowsy and r@eom~ 
mended the use of the radio and conversation to relieve 
drowsiness.

Subject 4
On the first experimental run he received the stim= 

ulus (placebo) three times and had evidenced restlessness 
prior to each application. He received the stimulus (smell= 
ing salts) three times on the- second test and seemed more 
alert after the last two applications.

He felt he smelled an ammonia odor on'the second 
test and that it had alerted him. The monotony of the high™ 
way9 and the restriction on conversation and the radio 
seemed to cause his drowsiness. He commented that traffic* 
©specially that going the same direction* helps him to keep 
alert. His method of relieving drowsiness is to stop after 
'less than■2 hours of driving,.

Subject 5
This subject received the stimulus (smelling salts) 

twice on the first test. He was drowsy at about 24 minutes 
-'into segment 1, but the-atomizer device did not function 
properly. It was immediately repaired by the experimenter. 
On the second run*'he was given the stimulus (placebo) 
twice* in segment 1 and-in .segment 2, He remained semi® 
drowsy* but managed to fight to stay alert. On the first
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part of the trip (segment 1). h® was drowsy enough that he 
stayed behind a truck .going up a hill* apparently afraid 
that an opposing vehicle would possibly come up in the 
other lane. He was on the four lane interstate at the time.

When questioned after the test, he commented that 
the stimuli helped to alert him, ■ He experienced the same 
effect on both tests. He felt that the monotony of the 
highway ("'no scenery81) eaused his drowsiness. Traffic^ 
both opposing.and in the same directione tend to keep him . 
alert. In addition9 he felt that the noise of the experl«= 
mental equipment made'the drive more monotonous and that 
more ventilation might have helped. His methods of reliev
ing drowsiness are: play radio„ open window^, sing$ jump
around, slap himself In the face, and finally, get out of 
the ear and run; around, : It is noteworthy that he sang a 
few times, jumped around, slapped himself in the face, and 
did isometric exercises one© or twice on each run.

Subject 6
Subject number six received the placebo on the 

first test. He received the stimulus one© on segment 3 and 
twice on segment 4, Prior to the first application, he 
seemed drowsy as evidenced by yawning and weaving. Prior 
to the second application, h® drove onto the shoulder twice. 
Five minutes later, he was sufficiently drowsy for the
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observer to apply the stimulus again. After the 3rd appli
cation, the timer malfunctioned and while the observer was 
correcting the problem, the subject went off onto the 
shoulder, ©Vereorreeted with a start and swerved through 
the right -lane and into the left lane. Luckily, no traffic 
was following at the time,

-On the second test, the stimulus'(smelling salts) 
was applied one© in segment 2 and again twice in segment 4„ 
He reported sleepiness for the last ten minutes of segment 
1 and was weaving, wandering, and yawning prior to the appli
cation in segment 2a In addition, his speed had tapered 
off considerably. He further commented later that he was 
very sleepy the entire way on segment 30 Observer6s 
comments bear this out. He was weaving considerably prior 
to application 2, He closed his eyes and the stimulus 
alerted him at the third application. The test was termin
ated three minutes later as subject,was weaving again.

After the test, he commented that the stimuli 
helped a "little bit for a little while," He felt that 
he was hardly aware of th© 'stimuli at all on the first 
test-(placebo) and that it was a "stronger ©dor" on the 
second test. His drowsiness was a result of sitting in one 
position for a long time, he said. Relief of drowsiness 
can be obtained by stopping the vehicle or by opening all 
of the windows.
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Subject 7

This subject received two applications' of the stim«*> 
ulus (placebo) on the first test. On the second test9 h© 
received the stimulus (smelling salts) .three times. He had 
closed his eyes completely immediately prior to the second 
'application of the stimulus. He awoke with a start and ' 
seemed alert for about ten minutes.

During the question and answer period after the 
test, he stated that the stimuli used on the first test . 
■seemed to alert him temporarily but he concluded later 
(between the two experimental runs) that it caused his 
drowsiness. He felt that the stimuli used on the.second 
test alerted him a bit, but not much, H© commented that 
friendly traffic tends to alert him. His methods of 
relieving- drowsiness are:' stop for something to drink, 
■play the radio, and sing.

Subject 8
He was given the stimulus (smelling salts) twice on 

the first test. Prior to the second application, he seemed 
particularly drowsy as evidenced by changing speeds, moving 
around, yawning, and looking around. On the second experi
mental run, he was given the stimulus only once, after a 
period of restlessness,' and seemed alert the remainder of 
the trip, ■ -
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He commented after the tests that both stimuli 

seemed to have no effect*. He. felt that his drowsiness was 
a result of his being tired. To relieve drowsiness, he 
recommendedi turn the radio oh, change positionse vary 
driving speeds9 and perform isometric exercises.

Subject 9
This subject received the stimulus (smelling salts) 

twice on the first test. There were two malfunctions dur
ing segment Is the vehicle, was stopped first to repair 
the timer and again a second time to repair a short in the 
counter connections. The subject was very alert after 
these two stops. He was very drowsy prior to the second 
application of the.stimulus„ as evidenced by his closing of 
the ®y@io After moving around a bit for 2 or 3 minutes 8 his 
eyes closed again. At this time, the test was about over, 
so the stimulus was not' given again.

On'' the second test, the stimulus (placebo) was - 
applied three times. The subject was closing his eyes and
nodding prior to the last 'two applications. They were 6
minutes apart and seemed to have little effect.

In answering the questions at the end of the test,
he stated that he felt the stimuli did relieve his drowsi
ness, on both tests and made him more alert. He commented 
that the monotony of the highway caused his drowsiness.
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Traffic travelling in the sam© direction seemed to help him 
to stay alert.- His solution to the problem of drowsiness 
is to. play'the radio.

He had stated, prior to the experiment that he never 
became drowsy while driving and h© had initially been elim» 
inated as a subject for that reason. However, as subjects 
became scarce and as all'subjects showed dorwsiness during 
the tests, he was later selected.

Subject 10
This subject was given the stimulus (placebo) three 

times on the first experimental run. It seemed to have no 
effect. -On the second run, the subject became'drowsy dur
ing segment 3 and the stimulus was applied. On segment'4, 
a strong corsswind served as a stimulus and the subject 
remained alert. Because of relative inexperience in driv
ing, this subject was-alert during most of the test. How
ever, in spite of the added' concentration on the driving 
task, she became drowsy on the return trip on both tests.

The subject stated that the stimuli had no effect
except that her eye"watered when she smelled an ©dor on
the second -test (smelling salts). She felt that the
absence of traffic and of scenery caused the trip to be
monotonous, making- her drowsy. She stated that traffic
helps her to stay alert. Singing and playing the radio are 
her solutions to the drowsiness problem.
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Subject 11 '

The stimulus (placebo) was applied twice on the 
first test,, which did not begin until the Houghton Road 
intersection because of technical difficulties6 On the 
second trip,' the stimulus (smelling salts) was applied
twice. The subject was weaving in and out of his line
prior to the second application. He appeared drowsy the 
early part’of segment 2, but passing a truck alerted him.

In answer to the questions at the end of the test, 
he stated.that the stimuli on the second test'relieved him 
on the first application, but had lesser effect on the 
second application. The sun bothered him when it was to 
the front of the. vehicle and it helped to make him drowsy. 
He felt the drive on the interstate was less monotonous 
because of the traffic, • Th@9,roar of the wind" helped to 
induce drowsiness, he felt. His solutions to the problem 
of drowsiness are playing the radio, driving barefoot, and 
moving, around a lot.

Subject 12 • , ■
The stimulus (placebo) was applied once on the

first test. On the second test, the stimulus (smelling
salts) was'applied once also. The subject was drowsy at
about 15 minutes into segment 1, but was alerted by a ear
backing.In a lane of the interstate in order to make a 
Upturn,



During the question and answer period after the 
second test, he commented that the stimuli surprised him on
both tests and helped Ito alert him. He felt that the odor

■

was more sharp on the 'second test* The cause of his drowsi® 
ness was boredom, he said, H® commented that the road was 
more monotonous when straight. Traffic was considered to 
be an alerting stimulus and he suggested counting miles and 
tracking vehicles.as methods of relieving drowsiness.

The experimenter•observed that this subject took 
many more control actions'than any of the other subjects 
tested. His steering reversal count averaged approximately 
twice that of the others. He noted the scenery and other 
ears and tracked following and leading vehicles. These 
actions tended to keep him much more alert.



APPENDIX G

TABLE OF APPLICATION DATA

Subjects 1 2 2 , U 5 6 7 8 9 10 11 12
Stimulus A A. A B A B B A A B B B
Segment 1 1

Period
1

Segment 2 
Segment 3

1
3

1 1 2
1

1
1 1 1

1

Segment 4 3 1 1 2 2 1 1 3 1 1

Stimulus B B %B A B A A B B A A A
Segment 1 1 1 1 1

Period
2

Segment 2 
Segment 3 1

2
1

1 1 1
1

1
1

Segment 4
1 r 2 1 2 2 2 1

A: '■ Smelling Salts 
Bs Plaeeto©

Numbers in bloeks are the number ©f applications of the 
particular stimulus given ' t© the particular subject in the 
particular segment ©£ the test*



APPENDIX H

ANALYSIS OF MINUTE BY MINUTE COUNTS*

a0 Placebo
Column 1 Column 2 Column 3 Column 4 Column 5
Subject Apple NO, Aee„ Reve St0 R©v„ Respiration

1 1 No Yes No
2 No Yes Yes
3 No Yes Yes

2 1 No No Yes
2 Yes No No

3 1 No Yes Yes
2 No Yes Yes

4 1 Yes Yes No
2 No . No No
3 No No Yes

5 1 No No Yes
2 Yes Yes Yes

6 1 No Yes No
2 No Yes Yes
3 Yes Yes Yes

7 1 ' No No Yes
2 No No No

8 1 No Y©s No
9 1 No No No

2 No Yes Yes
3 No Yes No

10 1 No Yes Yes
2 No Yes Yes
3 No Yes Yes

11 1 No Yes No
2 Yes Yes No

12 1 Yes No Yes
Total 21 No 

6 Yes
9 No 
18 Yes

16 Yes 
11 No

*MYesl" indieats appropriate response according to the 
criterion hypothesis 9 "No” indicates inappropriate response*
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Total 23 No 
7 Y©s

13 Ho 
17 Yes

22 Yes 
8 Ho
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