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ABSTRACT

FURTHER EXAMINATION OF THE RELATIONSHIP
OF AUDITORY VIGILANCE TO ARTICULATORY
DISORDERS

by Bonita M. Miller

Recently, a study was performed to investilgate the
relationship between auditory vigilance and articulatory
disorders. Vigilance may be conceived of as an individ-
ual's readiness to respond to certain, small specified
signals to which he has been alerted. Functional articula-
tory disorders may be concelved of as errors in the produc-
tion of the standard speech sounds, these errors not belng
attributable to an organic defect.

The purpose of the present study was to elaborate
upon the results obtained by tnhe above mentioned study.

Its design incorporated some of the changes recommended by
the original investigator.

Two groups of subjects were selected. Each group was
composed of thirty-one children from the first two grades of
two public schools in Winnipeg, Manitoba, Canada. The experi-
mental group was composed of children referred by theilr
classroom teachers as having functional articulatory dis-
orders. The control group was randomly selected by the
experimenter from the same rooms from which the other children
were referred. None of the children had received speech

therapy.



Bonita M. Miller

The children listened to a thirty-minute tape recording
of semi-randomly selected digits, presented at the rate of
one every other second. They were required to listen for a
signal, which was defined as any digit presented twice in
successlion. One signal was randomly inserted within each
one-minute segment of the test. The level of vigilance was
inferred according to the number of signals to which the
children failed to respond.

The results obtained made it possible to reject
three of the null hypotheses. The alternate hypotheses
which were accepted are:

1. For both populations combined, there 1s a decrease
in vigilance from the first to the last ten
minutes of the thirty-minute task.

2. Children with articulatory disorders show a
decrease in vigilance from the first to the last
ten minutes of a thirty-minute task of auditory
vigilance.

3. Children with articulatory disorders show a posi-
tive correlation between the first and the last
ten minutes of a thirty-minute task of auditory
vigilance.

Although the above hypotheses were accepted, 1t is not
possible to conclude that there is any difference between
children with articulatory disorders and children without
articulatory disorders with regard to performance on a

thirty-minute task of auditory vigilance.
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CHAPTER I

STATEMENT OF THE PROBLEM

Introduction

Are chilldren who have functilonal articulatory dis-
orders likely to exhibit poor auditory attention habits or
poor auditory vigilance? Recently, a research project was
performed to study the relationship of auditory vigilance

to articulatory disorders.l

The purpose of that study was:
"To investigate whether or not there is a difference in
audltory vigilance, or the malntenance of attention, between
chlldren with articulatory disorders and children without
articulatory disorders.”2 The study was designed to ".
reveal a posslble contrlbuting factor in the development of
articulatory disorders."3 TIts results, although not statis-
tically significant, showed a difference in the expected

direction, glving some support to the hypothesis.

lporis A. Schuldt, "The Relationship of Auditory
Vigillance to Articulatory Disorders" (unpublished Master's
thesls, Department of Speech, Michigan State Unlversity,

1963).

2Ibid., p. 3.

3v14., p. b4,



Schuldt, who performed the investigation, observed
that numerous studies in the area of articulation have been
made. A systematic review of these has been presented by

Powers,l

who reports that physical, psychological, sensory
(auditory, tactile, kinesthetic, and visual), intellectual,
environmental, learning, emotional, and personality
variables have been studied. Schuldt found that although
many auditory variables have been studied, almost no atten-
tion had been given to the possible relationship between
auditory vigilance and articulatory disorders.

The surveys concerning the incidence of speech
disorders indicate that functional articulatory disorders
constitute by far the largest number of speech problems.
Figures from the Midcentury White House Conference2 (1952)
indicate that 60 per cent of all speech disorders of school
age children are functional artlculatory disorders. Powers
says, ". . . it 1s safe to say that functional articulation
defectives represent between 75 and 80 per cent of all

speech defectives in the school population.”3

IMargaret Hall Powers, "Functional Disorders of
Articulation--Symptomotology and Etiology," Handbook of
Speech Pathology, ed. Lee Edward Travis (New York: Appleton-
Century-Crofts, Inc., 1957), Chapter 23, p. 730.

2Midcentury White House Conference, 1952, '"Speech
Disorders and Speech Correction," Journal of Speech and
Hearing Disorders, 17 (1953), p. 129.

3Powers, op. cit., p. T71ll.



In view of the large number of functional articulatory
disorders, our 1ncomplete knowledge of their etiology, and
the need for further understanding of the relationship
between thls speech problem and auditory vigilance, it
seemed that a second study, wilith modifications in design

would be a fruitful area of research.

Statement of Purpose of Study

Schuldt listed several implicatlions for further
research on the basis of her findings. She suggested the
repetition of her study, using more subjects and a longer
task. These two changes being made, and other aspects of
the study belng similar, a second investigation of the rela-
tlonshlp between auditory vigilance and articulatory dis-
orders was undertaken, The purpose was therefore to
elaborate upon the results of the earller research on which

the present study was based.

Hypotheses

Twelve questions were to be investigated 1n this
experimental study. The questions asked and the corres-
ponding null hypotheses are as follows:

1, Will children with articulatory disorders and
children without articulatory disorders perform similarly
at the outset of a task of audltory vigllance?

Ho: There 1s no difference between chlildren with

articulatory disorders and children without articulatory



disorders with regard to the number of errors made during
the first ten minutes of a thirty-minute task of auditory
vigillance.

2. After part of the task has elapsed, will any
difference 1in the performance by the two groups be evident?

Ho: There 1s no difference between children with
artliculatory disorders and children without articulatory
disorders with regard to the number of errors made during
the second ten minutes of a thirty-minute task of auditory
vigilance.

3. Will there be any differences 1n performance by
the end of the task of auditory vigllance?

Ho: There 1s no difference between children with
articulatory disorders and children without articulatory
disorders with regard to the number of errors made durlng
the third ten minutes of a thirty-minute task of auditory
vigilance?

4, Will there be any differences between the two
groups on the over-all test performance?

Ho: There 1s no difference between chilldren with
articulatory disorders and children without articulatory
disorders with regard to the number of errors made during
a thirty-milnute task of auditory vigilance.

5. W1ll articulatory defective chlldren accumulate
any more errors at any time during the task than the

children who do not have articulatory defects?



Ho: Children with articulatory disorders will have
accumulated no more errors of omission at any point in time
during a thilrty-minute task of audltory vigilance than will
chlldren without articulatory disorders.

6. W1ill the children be as vigilant at the end of
the task as they were at the beginning of the task?

Ho: For the two groups comblned there will be no
decrease in audltory vigillance from the first to the last
ten minutes of a thirty-minute task of auditory vigilance,

7. W1ll the chlldren who have articulatory dlsorders
perform as well at the end of a task of audltory vigllance
as they do at the beginning of the task?

Ho: Chilldren wlth articulatory dilsorders show no
decrease 1n vigilance from the first to the last ten minutes
of a thirty-minute task of auditory vigllance.

8. W1ill the children without articulatory disorders
perform as well at the end of a task of auditory vigilance
as they do at the beginning?

Ho: Chlldren without articulatory disorders show no
decrease 1n vigilance from the first to the last ten
minutes of a thirty-minute task of auditory vigillance.

9. W1ll there be any difference between the groups
regarding the change in performance from the first to the
last ten mlnutes of the task?

Ho: Children with articulatory disorders manifest

no greater decrease from the first to the last ten minutes



of a thirty-minute task of auditory vigilance than do
children without articulatory disorders.

10. W1ill it be possible to predict the performance of
children with articulatory disorders given knowledge of
thelr performance at the beginning of the test?

Ho: Children with articulatory disorders do not show
a positive correlation between the first and last ten
minutes of a thirty-minute task of auditory vigllance.

11. Will it be possible to predict the performance
of chilldren without articulatory disorders at the end of
the task, glven knowledge of thelir performance at the
beginning of the task?

Ho: Children without articulatory dlsorders do not
show a posltive correlation between the first and last ten
minutes of a thirty-minute task of auditory vigillance.

12, W11l 1t be possible to predict more accurately
for one group than for another, gilven knowledge of the
performance of each group at the outset of the test?

Ho: There 1s no difference between children with
articulatory disorders and children without articulatory
disorders with regard to the correlation between the first
and last ten minutes of a thirty-minute task of auditory

vigllance.

Importance of the Study

Because the majority of speech correctionists work

with children who have functional articulatory disorders,






any information which will contribute further to their under-
standing of this disorder will be valuable. It 1s hoped that
the experimental design will be such that a possible contrib-
uting factor in the development of functional articulatory
disorders will be revealed.

Further, 1f a relationship between functional articu-
latory disorders and auditory attention habilts can be estab-
lished, I1mplications for the modification of therapeutic
techniques might be revealed., A speech therapist, knowing
that members of his class may have poor audltory attention
habits, could modify hls technlques in order to improve

auditory attentlon and maximize malntenance of attentilon.

Definition of Terms

Because the present study 1s a follow-up of a previous
study, terms will be defined according to the definitlons

used in that study.
Schuldt used the definition of artilculatory disorders

presented by Powers.

Functilonal Articulatory Disorders: an 1lnabllity
to produce correctly all of the standard speech
sounds of the language, an lnablility for which there
1s no apprecilable structural, physiological, or
neurological basls 1in the speech mechanism or 1its
supporting structures, but which can be accounted for
by normal varlations in the organism or by environ-
mental or psychologilcal factors.

Yv1a., p. 708.



Mackworth's definition of vigilance was used, which
is ". . . a state of readiness to detect and respond to
certaln specified small changes occurring at random time
intervals in the environment . . ."T Operationally, the
level of vigllance can be inferred from the performance
by the number of signals to which the listener faills to
respond.2

"A Signal was defined as any number presented twice

in succession . . . Errors of omission are defined as a

lack of response when a signal 1s presented, and errors

of commission are responses when a signal 1s not pre-

sented."3

Organlzation of the Thesls

Chapter I contained an Introduction to the study. A
statement of the problem, the hypotheses, an indication
of the 1importance of the study and definition of terms
were also presented. Chapter II will present a review of
of the literature concerning vigilance, concentrating
especilally on theories of vigllance. Chapter III willl be

a discussion of subjects, equipment, and testing procedures,

1

1N. H. Mackworth, '"Some Factors Affecting Vigilance,'
Advancement of Science, 53 (1957), pp. 389-390.

2
Schuldt, op. cit., p. 5.

31v1d., pp. 18, 21.



The results of the study and discussion of these will be
found in Chapter IV, Chapter V will contain a summary,

conclusions, and implications for further research,



CHAPTER II

REVIEW OF THE LITERATURE

Introduction

In recent years, vigilance has been the subject of
many investilgations. There has been an upsurge in the
amount of experimental work concerning the toplc. It was
reported in 1963 that the number of experimental studies
concerning vigilance in 1960 was about five times the

number reported in 1955.1

"During the past fifteen years,"

says McGrath, "more than one hundred investigators have

published reports on the subject of human vigilance."2
Study of some of these reports reveals that the

term "vigilance" has been used ambiguously and that there

are many different ways in which 1t has been interpreted.

The term may be used to refer to a central process or

state of the organlsm, usually the 1ndlvidual's readiness

to detect and respond to randomly occurring specified

1Donald N. Buckner and James J. McGrath (eds.),
Vigilance: A Symposium (New York: McGraw-Hill Book Com-
pany, 19063), p. vili.

2James J. McGrath, "Some Problems of Definition and
Criteria 1in the Study of Vigilance Performance," Vigillance:
A Symposium, eds. Donald N, Buckner and James J. McGrath
(New York: McGraw-H1ll Book Company, 1963), Chapter 16,

p. 227.

10
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small changes in the environment. Mackworthl 1s one 1inves-
tigator to use the term in this way. Baken, who defilnes
vigilance as ". . . the ability to sustain attention quite
irrespective of what the stimuli are,"2 also refers to the
state of the organism.

"Vigilance" has also been used to refer to the per-
formance 1itself. When used thils way, measures of proba-
bility of detection, latency of responses, or shifts from
some 1nitial performance level may describe vigilance.3

It can readily be understood that with such varila-
tions 1in definition, Investigators have not yet been able
to agree upon a theoretical explanation of vigilance per-
formance., An adequate theory of viglilance must explain
the results of the many experimental studles, provlide a

baslc understanding of vigllance and 1ndicate the appli-

cabllity of laboratory data to fleld situatlons.

Theorles of Vigilance

As mentioned, there 1s very little agreement on a
theory of vigilance, and almost every investigator of a

vigilance task has hls own theoretical explanation for

IMackworth, op. cit., pp. 389-390.

2paul Baken, John A. Belton, and John C. Troth,
"Extraversion-Introversion and Decrement in an Auditory
Vigilance Task," Vigilance: A Symposium, ed. Donald N.
Buckner and James J. McGrath (New York: McGraw-H1ill Book
Company, 1963), Chapter 2, p. 30.

3McGrath, op. cit., p. 228.
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the obtained results, It will, therefore, be practical in
this review of the literature to examine only a few of the

classical and most recent theories of vigilance.

Inhibition theory.--Mackworth, one of the first in-

vestlgators of vigilance considers it as the organism's
readlness to respond to certaln signals for which the
organism must search over an extended period of time. He
noted that over this period of time, the subject failed to
respond to many of the slgnals. He explains the decrease
In the number of responses to the signals by supposing that
the response to the non-signal event 1is extinguished.1
This extinctlon then generalizes to the slgnal which shares
many characteristics with the non-signal stimull. The
point at which extinction begins to occur depends upon many
physical and psychological factors. Mackworth suggests
that " . . . in the absence of reinforcement of the
responses, inhibition willl accumulate, resulting 1n a
systematic deterioration of the performance."2

Baken3 also supports the inhibition theory but says
that the reinforcing event 1s the detection of a signal

which maintains the response of attentlive behavior. 1In

lMackworth, op. cit., p. 391.

1

2p., D, McCormick, "A Two Factor Analysis of Vigilance,'
The British Journal of Psychology, 53 (1962), p. 359.

3Ib1d., p. 359.
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other words, the occurrence of signals reinforces the
listening responses, and so, 1if the signals occur infre-
quently, there 1s 1little reinforcement of the listening
response. The result is a tendency for these responses
to be extinguilshed.

Broadbent has summarized the various ways in which
classlcal conditlioning theory 1s consistent with perform-
ance on viglilance tasks:

(1) Responses to the infrequent stimulus became
less common after a period of continuous
watch. (Extinction.)

(2) A short interval between periods of testing
temporarily restored full efficiency. (Spon-
taneous recovery.)

(3) A novel situation (e.g. a telephone message)
[midway in the task] temporarily restored
full efficiency. (Disinhibition.)

(4) The following of every stimulus by an auditory
message iInforming S of his performance pre-
vented_ deterioration. (Continued reinforce-
ment . )1

Fillter theory.--Broadbent does not completely accept

the classical 1inhibition or conditloning theory of vigil-
ance., He proposes the Fllter Theory to explaln some of
the facts of classical conditioning.

He assumes that the human perceptual system has a
limited capacity and 1s incapable of analyzing simultan-
eously all the Information recelved by the sense organs.

The information 1s, therefore, filtered by some selective

lp, k. Broadbent, 'Classical Conditioning and Human
Watck Keeping," Psychological Review, 60 (1953), pp. 336-
337'
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operation and only part of it 1s passed on to the perceptual
system, Initilally, this selective operation is determined
by the instructions the subject receives.

The fllter, however, will usually select channels
which have not recently been active. Over a period of
time, there 1is likely to be a change in the channel
selected. In other words, attention wanders, and the sub-
Ject may notice features of hils surroundings or his own
bodilly discomfort, or he may simply daydream. Signals
later 1n the task have a greater probabllity of falling
during these moments of wandering attentlon, and therefore,
they are missed, thus accounting for the vigilance decre-
ment.

These short periods of non-attention have been called
"blocks."! Broadbent interprets blocking as ". . . an
interuption 1in the intake of Information from one source
owing to the intake of information from another source."e
Broadbent goes on to say:

As novel stimull have a higher probability of
passing the filter, these shifts in selectilon

wlll not occur until the task has been continued
for some time.3

lJ. A. Whittenburg, J. A. Ross, and T. G. Andrew,
uoted in D, E. Broadbent's Perception and Communication
London: Pergamon Press, 1958), p. 132.

2Broadbent, 1bid., p. 133.

3Ibid.
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Expectancy theory.--Deese and Baker are perhaps the

strongest supporters of the Expectancy Theory. The basic

"

assumption of Deese's theory is that the mainten-

ance of a given level of vigilance in an observer depends
to some extent upon the events extrinsic to the observer. "
Response to a signal 1s a function of the probability of
that signal, the probabillity of that signal being derived
from past incldence of the signal. The observer tries to
average previous information in order to predict future
events. Following the detection of a signal, expectancy
would be low. It would Increase as the average time
between signals 1s approached, and would be quite high as
the Inter-signal interval grows beyond the mean.2 It 1is
suggested by Baker3 that expectancy agaln falls to a low
level as the interval grows still longer. He added that
the degree to which the observer 1s aware of such expect-
ancles 1is unknown. Baker uses the expectancy hypothesis
to account for the followlng varlables:

rate of slgnal presentatilon

inter-signal interval
signal magnitude

1
2
3
lyames Deese, "Some Problems in the Theory of Vigll-
ance," Psychological Review, 62 (1955), p. 359.

2James Deese, quoted in C. H. Baker, "Towards a
Theory of Vigllance,' Canadian Journal of Psychology, 13

(1955), p. 35.

3c. H. Baker, "Towards a Theory of Vigilance,"
Canadlan Journal of Psychology, 13 (1955), p. 36.
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knowledge of results

environmental factors

knowledge of signal location

periods of interpolated rest and activity
sudden extraneous stimulil

motivation.l

O O~ O\ &

Inhibitlon-motivation theory.--McCormick has studied

the reaction time of subjects on tasks similar to vigil-
ance tasks. Reaction time is thought by him to be a .
measure of the subject's vigilance performance. He has
combined aspects of each of the above theories of vigilance
to form what he calls the inhibition-motivation theory.
McCormick states that the theory is " . . . capable of
generating predictions which are reasonably exact and free
from ambiguity.”2

According to this hypothesis, inhibition 1is a function
of time, amount of rest received during the task, intensity
of the stimull, length of the interstimulus 1interval, and
other unknown variables. The motivation, or drive level
of the subject 1s a functlon of the degree of variabllity
of the stimull and other unkown varliables. The perform-
ance of the subject 1s also affected by innate and previously

acquired characteristics of the organism. Thus, these three

1c. H. Baker, "Further Towards a Theory of Vigilance,"
Vigilance: A Symposium, eds. Donald N. Buckner and James J.
McGrath (New York: McGraw-Hill Book Company, 1963), Chapter
11, pp. 127-170.

2McCormick, op. cit., pp. 358-359.
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factors, inhibition, drive, and 1innate characteristics will
together interact to determine the reaction time of the sub-
Ject, thils reactlon time belng considered a measure of the

subjJect's vigilance.

Declslon hypothesls.--Each of the above theorles has

been subject to criticisms by other vigilance theorists.

The most recent, and as yet unchallenged (in the literature)

theory 1s the Decislion Model, proposed by Jerison and

Pickett.1 According to these men, thelr theory has the

advantage of explaining the results of the many experiments

and at the same time, bridging the gap between laboratory
and fleld situations. The "decision" which they emphasize
1s the observer' decislon about whether or not to attend

to the display. The observer's behavior 1s analyzed into

six steps to be discussed below.

a. Storage of background information. The background in-
formation enables the subject to make a falr estimate
of the frequency of the signal. (This encompasses the
Expectancy theory of Deese and Baker.) The information
1s independent of any direct.experience with the dis-
play. However, wlith experience, an observer will have
information about a signal that he galned during

previous viglls and earller in the same task.

1Harry J. Jerison and Ronald M. Pickett, "Vigilance:
A Revigw and Re-evaluation," Human Factors, 5 (1963), pp.
211-233.
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Orientation movements. The subject must physically
direct his attention toward the signals. The neuro-
muscular orientations involved appear to be primarily
voluntary, but in some cases may be simple reflex
activity.

Operation of sensory traducers. This includes the
transformation of physical energies Into neural
messages.

Activity of neural attention units. When the system
1s activated, a sensory message 1s recorded at various
neural levels. The message can be elther strengthened
or weakened at any of these levels. This encompasses
the Fllter Theory's concept of a selective operation
filtering out materials to reach the perceptual system.
It also provides a physiological basis for "attention"
assoclated with arousal or alertness by moderating the
intensities within the central nervous system.
Decislion making. The observer decides whether or not
to maintain a given level of alertness while observing,
and decides whether or not a glven observation was a
signal.

Response required by the declision. If the decision
was to observe, the response 1s to observe. If the
decision was whether or not there was a signal, the

response 1is a detection response.
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Jerison and Pickett emphasize that an essential
feature of the decision hypothesis 1s the cost to the
observer of observing or falling to observe the display
(1. e. paylng attention to the signals). On the basis of
the expected value of an observation, he makes one decision
after another whether or not to observe. These values are
determined by combining the desirabllity of observing or
not observing with the a priori signal probability. It is
thus recognized that a prioril probabllities, values, and
costs of correct and 1ncorrect declsions plays an important
role 1n the subJects' actilons.

Jerlson and Plickett relate thelr theory to various
studies 1n vigllance, showlng how 1t 1s conslistent with
previously obtained results and theoretical explanations.
Areas examined include:

(1) the decrement function

(2) the character of individual signals (intensity,
duration, quality)

(3) temporal uncertainty of the signals
(4) spacial uncertainty of signals

(5) knowledge of results

(6) 1individual differences

(7) work-rest cycles.
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Auditory Vigllance as Related to
Speech and Hearing

To this writer's knowledge, Schuldt has performed the
only study attempting to relate auditory vigllance to the
areas of speech and hearing. She attempted to determine
the relationship of auditory viglilance to functional artic-
ulatory disorders. In the introduction to her study, she
outlined in detall one reason for belleving such a relation-
shilp might exist. It was noted that inattentiveness to
sound differences 1s characteristic of many functional ar-
ticulatory cases., It 1s also true that lack of directed
attention contributes to inadequate auditory discrimination.
Schuldt says:

A young chlld hears, he attends, he discriminates
and reproduces, If a young child is able to hear,
but does not maintain attentlon, he may have dif-
ficulty in adequate discrimination and reproduction
of sound, If such behavlor persists during the
early developmental years of 1life 1t appears . . .
that articulatory problems will result bicause of
Insufficient attentlion to sound stimulli.

As the review of the theoriles of vigllance revealed,
attention 1s also closely related to vigilance. '"Vigilance
may be conceptualized," says Schuldt "as sustalned atten-
tion."? She thus designed her study to "evaluate auditory
vigllance and its relatlonship to articulatory disorders

with a minimum of contamination by comprehension."3 In

lschuldt, op, cit., p. 3.

°Ip1d., p. 2. 31pb1d., p. 16.
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testing her hypothesis that children with articulatory dis-
orders will manifest greater deficiency in auditory vigil-
ance than will children without such defects, she obtailned
results, which although not statistically significant,
showed a difference In the expected direction. On the
basls of her recommendation, the present study was, there-
fore, undertaken to determine whether or not statistilcally
significant differences would be obtained using a larger

sample and an extended verslion of the test.



CHAPTER III

SUBJECTS, EQUIPMENT, AND TESTING PROCEDURES

Subjects

Two groups of children were selected--children with
articulatory disorders and children without such disorders.
Subjects were enrolled in one of two public schools in
Winnipeg, Manitoba, Canada. Subjects were 1in the first and
second grades. Twenty-four subjects for each group were
selected from Shaunnessy Helghts School and seven subjects
for each group from Principal Sparling School. None of
the children had ever been enrolled 1n a speech correction
class.

A group meeting of the teachers of Grades I and II°
at Shaunnessey Helghts School was held. At this time, the
experimenter was introduced to the teachers by the school
principal and the director of the Speech and Hearing Depart-
ment of the Winnipeg Child Guidance Clinic. The teachers
recelved letters of introduction in which they were informed
of the project. In these letters, artlculatory dlsorders
were defined according to the definition used in this study.
After receiving minimal additional information regardilng
the study, the teachers were asked to refer to the experi-

meter those children who in theilr estimation had functilonal
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articulatory disorders. A similar procedure was followed
at Princlpal Sparling School, with the exception that the
experimenter met the teachers individually, and answered
thelr questions at this time.

The above procedure 1s not 1dentical to the procedure
used by Schuldt whose subJects had been diagnosed by a
speech theraplst as having articulatory problems. It was
learned after the present sample had been tested that only
subjects with "severe" articulatory problems were included
In the Schuldt study.l

Teacher referral is mentioned by both Irwin2 and
Ainsworth3 as a screening method whereby children may be
obtalned for speech classes. As far as thils writer has
been able to determine, 1t has not been demonstrated that
referral by teachers 1s invalid as a procedure for select-
ing children wilth articulatory defects.,

Twenty-one boys and ten girls were referred by the
teachers to compose the experimental group. There were
nineteen subjects in the first grade and twelve 1n the

second grade. The mean age for thils group was 7.26 years.

lPersonnal communication with Doris Schuldt, March

26, 1964,

2Ruth Beckey Irwln, Speech and Hearlng Therapy (New
York: Prentice-Hall Inc., 1953), p. 20.

3Stanley Ainsworth, Speech Correction Methods (Engle-
wood Cliffs, N, J.: PrentIce-Hall Inc,, 19498), p. 29.
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The control group consisted of sixteen boys and
fifteen girls who did not manifest speech disorders. These
children were randomly selected by the experimenter from
the same classrooms from which the experimental group was
taken. Nineteen subjects were in the first grade and
twelve 1n the second. The mean age for this group was 7.13

years,

Equipment

Equipment used in thils research was as follows:
(1) a tape recording consisting of auditory stimulus
material, see Appendix I; and (2) a model T-1515, four-

track Wollensak tape recorder.

Methods

1, Auditory stimulus material.--A tape recording was

made which consisted of a two-minute pre-test and the actual
thirty-minute test., Each conslsted of semi-randomly
selected dlglts presented at the rate of one every other
second, A signal, defined as any number presented twlce

1n succession, was randomly inserted within each one-minute
segment of both the pre-test and the test material.

There were sixty dlgits and two signals in the pre-
test, and 900 dlglts and thirty signals 1n the actual test.
This was twice the length of the similar task developed by
Schuldt,

During the recording session, the tape speed was

three and three-quarter inches per minute, the volume
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setting was seven, and the tone dial was at "Hi-Fi."
During the test situation, the tape speed was three and
three-quarters inches per minute, the volume was three

and one-half, and the tone dial was set at "Hi-Fi."

2. Test procedures.--Two subjects were tested

during a single session. They were seated at desks which
were placed equldistant from the tape recorder and 1in a
manner which, while yielding independent performances,
would facllitate the experimenter's observation and scoring.
The subJects were gilven the following instructions:

You will hear many numbers. I want you to listen

for any number with the same number right after

1t, like two, two, or five, filve., When you hear

any two numbers in a row, I want you to draw a

stick on your paper. Filrst, we'll listen for a

short time, lilke a practice time, and then we'll

listen for a long time. Do you have any questions?

Any questions were answered and the pre-test was gilven,

The pre-test was intended to famlliarize all subjects with
the task, and to be reasonably certain that the instructions
were understood. Those subjects whose performance on the
pre-test indicated that they had not fully understood the
instructions were given additional instructlons. Flve
children, one from the experimental group and four from the
control group, were still unable to indlicate by thelr per#
formance that they understood the task and were elimilnated
from the study.

This procedure varled somewhat from that used by

Schuldt. She rejected all subjects who did not respond to
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one of the two signals on the pre-test. It was felt by
this writer that such elimination was not necessary because
fallure to respond to two signals on the pre-test does not
necessarily indicate that the subject failed to understand
the task.

Subjects were then administered the actual test.
The experlmenter recorded the responses on previously
prepared score sheets. Errors of omission and commission
were recorded. Results obtalned from analyzing the data

are contalned in the followlng chapter.



CHAPTER IV
RESULTS AND DISCUSSION

Results

For the purpose of thils study, the level of vigill-
ance is inferred from the performance according to the
number of errors made during the vigllance task. Two
types of errors were made, errors of omisslon and errors
of commission.

The total number, the mean and standard deviation
of errors of omission are presented in Table 1. Table 2
contains the same data for error of commission, and Table

3 the data for errors of omission and commission combined.

TABLE 1

ERRORS OF OMISSION

—— — — —

Group Total Mean Standard Deviation
Experimental 294 9.48 4,41
Control 293 9.45 4,79

27
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TABLE 2

ERRORS OF COMMISSION
—e e e T e e e e

Group Total Mean Standard Deviation
Experimental 29 .oU 2,45
Control 28 .90 1.79
TABLE 3

ERRORS OF OMISSION AND COMMISSION

Group Total Mean Standard Devliation
Experimental 323 10.42 5.21
Control 321 10,35 5.39

Errors of commisslon contributed only a very small
proportion to the total number of errors (.089 for the
experimental group and .087 for the control group). For
this reason, errors of commission were dlsregarded for the
remalning statlistical analyses.

In review, the twelve null hypotheses under test are:

1, There 1s no difference between children with
artlculatory disorders and chlldren without articulatory
dlsorders wlth regard to the number of errors made durlng
the first ten minutes of a thirty-minute task of auditory

vigillance,
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2. There 1s no difference between children with
articulatory disorders and children without articulatory
disorders with regard to the number of errors made during
the second ten minutes of a thirty-minute task of auditory
vigilance.

3. There 1s no difference between children with
articulatory disorders and children without articulatory
disorders with regard to the number of errors made during
the third ten minutes of a thirty-minute task of auditory
vigllance.

4, There 1s no difference between children with
articulatory disorders and chlldren without articulatory
disorders with regard to the total number of errors made
during a thirty-minute task of auditory vigillance.

5. Children with articulatory disorders will have
accumulated no more errors of omlssion at any point in
time during a thirty-minute task of auditory vigllance
than will children without articulatory dlsorders.

6. For the two groups combined, there will be no
decrease 1n vigilance from the first to the last ten
minutes of a thirty-minute task of audltory vigilance.

7. Chlldren wlth artlculatory disorders show no
decrease 1n vigllance from the first to the last ten
minutes of a thirty-minute task of audltory vigllance.

8, Children without articulatory disorders show no
decrease 1n vigilance from the first to the last ten

minutes of a thirty-minute task of audltory vigilance.
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9. Children with articulatory disorders manifest no
greater decrease from the first to the last ten minutes of
a thirty-minute task of auditory vigilance than do children
without articulatory disorders.

10, Children with articulatory disorders do not show
a positive correlation between the first and last ten
minutes of a thirty-minute task of auditory vigilance.

11, Children without articulatory disorders do not
show a positive correlation between the first and last ten
minutes of a thirty-minute task of auditory vigilance.

12, There 1s no difference between chilldren with
articulatory disorders and children without articulatory
disorders wilth regard to the correlation between the first
and last ten minutes of a thirty-minute task of auditory
vigilance,

The mean numbers of errors of omlssion made during
each ten minute segment and durilng the entire test are

shown in Table 4,

TABLE 4

BREAKDOWN OF THE MEAN ERRORS MADE ACCORDING
TO TEN MINUTE SEGMENTS OF THE TEST

First Second Third Total

Group Ten Ten Ten Thirty
Minutes Minutes Minutes Minutes

Experimental 2.64 3.06 3.77 9.48

Control 2.94 3,03 3.48 9.45
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A t test for unrelated measures was performed on
each palr of scores in Table 4. ©None of the results was
significant at the .05 level of confidence. On the basis
of these results, the first four null hypotheses could
not be rejected.

In order to test the fifth null hypothesis, a one-
talled, two-sample Kolmogerov-Smirnov test was to be per-
formed. The Iinformation employed 1s displayed graphically
In Figure 1. It will be noticed that the greatest differ-
ence occurs 1n the unexpected direction. Although the
orlginal hypothesls was not two-talled, a two-talled test
was performed to determine 1f a two-talled hypotheslils
could have been rejected. The results indicated that 1t
could not have been rejected.

Null hypotheses 6, 7, and 8 were tested by a t test
for related measures, The results of these tests are

shown 1In Table 5,

TABLE 5

RESULTS OF t TEST FOR EVALUATION OF DIFFERENCES
IN PERFORMANCE DURING THE FIRST AND
LAST TEN MINUTES

b - o = e e S - o e ]
Group Xy Standard Deviation  4f t

All SubJects .84 2.51 61 2,61%

Experimental 1,13 2.49 30 2.b4g*

Control 55 2.54 30 1.19

*#Significant at the ,02 level of confidence,
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It was possible to reject the null hypotheses 6 and
7 on the basls of these results. The alternate hypotheses
were accepted:

a, For all subjects, there will be a decrease in
auditory vigilance from the first to the last
ten minutes of a thirty-minute task of auditory
vigilance.

b. Children with artlculatory disorders show a
decrease 1n vigilance from the first to the last
ten minutes of a thirty-minute task of auditory
vigilance.

The ninth null hypothesls was tested by applying a

t test for unrelated measures. The value obtained for t
was not significant at the .05 level of confidence. The
null hypotheses therefore could not be rejected.

In order to test the tenth and eleventh null hypo-
theses, 1t was necessary to find the correlation between
the scores on the first and the last ten minutes of the
task for each group. The correlations are presented 1in the
first column of Table 6. Each of the r's was tested to
find if the correlation was significantly greater than zero.
The formula used was r/o— , where o— =1/ N - 1.1 The

values of r/o= which has approximately unit normal

Helen M. Walker and Joseph Lev, Statistical Infer-

ence (New York: Holt, Rinehard, and Winston, 1953), p.
5 L]
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distribution is found 1n the second column of Table 6 under
that heading.
TABLE 6

CORRELATIONS BETWEEN THE SCORES ON THE
FIRST AND LAST TEN MINUTES OF THE TEST

Group Correlation (r) r/o— Z
Experimental LUy 2.46%
1.01%*
Control .20 1,12%*

*¥Significant at the .01 level of confildence.

**¥Not slgnificant at the .05 level of confidence.

In order to test the twelfth null hypothesls, it was
necessary to test for the difference between the two corre-
latlons. This was done by applylng a normal transformation

(Z') to the values of r. The statistic,

7 = (z'7 - 2'2) -0 where
6531 z'o

1 1
o— = +
Z2'1- 2'5 ~¢/N1 - 3 Np - 3 was calculated.l
The value obtained for Z, found in the third column of
Table 6 was tested for significance according to the table

for the areas under the normal curve.

l4gubert M. Blalock, Jr., Social Statistics (New York:
McGraw-H11l Book Company, Inc., 1960), p. 310.
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On the basis of the above information, it was possible
to reject the tenth null hypothesis and to accept the fol-
lowing alternate hypothesis:

¢. Children with articulatory disorders show a

posltive correlation between the first and
last ten minutes of a thirty-minute task of

audlitory vigillance.

Discussion

The reader will recall that Schuldt obtained only
minimum support for her hypothesis that children with
articulatory disorders will manifest greater deficilency 1n
auditory vigilance than will children without articulatory
disorders. Schuldt attributed her failure to obtaln sig-
nificant results to a number of factors. One of these was
the complete lack of studies of vigllance using children
as gubjects. There 1s, therefore, a lack of knowledge re-
garding the optimum length of an auditory vigillance task
for children, 1In addition, Schuldt felt that her task was
not sufficlently long.1

Schuldt's results suggested that the two groups of
children were beginning to show a difference in performance
after fifteen minutes. It seemed, therefore, that a thirty-

minute task should reveal whether or not a real difference

does in fact exist, The present study, however, does not

lschuldt, op. cit., pp. 24-25.
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give support to the 1dea that there 1s a difference between
children with articulatory disorders and children without
articulatory disorders with regard to performance on a task
of audltory vigillance.

In comparing the present results with those obtained
by Schuldt, 1t must be remembered that slightly different
sampling procedures were used 1n the two studies. Thus,
the populations involved will differ to the extent that the
sampling procedures differed.

Earlier studles In the area of vigillance have almost
always revealed a decrement 1n performance on a vigilance
task over a prolonged perlod of time. The fact that the
experimental and control groups taken together showed a
statistlically significant decrease in vigilance from the
first to the last ten minutes of the test was therefore not
surprising, However, 1in looking at the two groups separately,
1t was found that only the children in the experimental group
showed a significant decrease. Children without articulatory
disorders, although showing a decrease, did not show a sig-
nificant decrease. In addition, the difference between the
decreases of the experlimental and control groups was not
slgnificant.

Re~-examination of Table 4 may help to clarify for the
reader what took place. The control group made more errors

during the first ten minutes than the experimental group,
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although not significantly more. Both groups showed as
increase 1n the number of errors made during each of the
ten-minute segments, but only the experimenal group made
slgnificantly more at the end than at the beginning. The
Increase in the number of errors made by the experimental
group was not significantly greater than the increase in
errors by the control group.

There was a higher correlation between performance
during the first and last ten minutes of the test for the
experimental group than for the control group. The differ-
ence was not significant.

On the basls of the present study, 1t 1s only possible
to speculate that there mlght be a difference between the
two groups in auditory vigilance. There may be a difference
which would be revealed by a study using more subjects,
However, this difference would likely be so slight as to
have little or no practical significance in planning speech

therapy for articulatory defectilves.



CHAPTER V

SUMMARY AND CONCLUSIONS

Summary

In recent years, psychologists have begun to 1nvesti-
gate a previously almost disregarded psychological pheno-
menon, Thls phenomenon 1is vigilance. Although controversy
exists regarding the definition of vigilance, the term
usually refers to an individual's state of watchfulness
while attempting to detect infrequent, randomly occurring
signals to which he has been alerted. It has been observed
that over a long period of time, performance on a vigilance
task decreases, Many questlions can be asked with regard to
this change in performance.

One questlon which 1is of particular interest to
persons In the fileld of speech and hearing 1s whether or
not performance on a vigllance task might be related to
some of the phenomena observed in speech and hearing studies.
For example, 1t 1is well known that attention to sound 1is
essentlal before adequate speech can develop. Could 1t be
that poor lilstening hablts, revealed by poor performance
on a task of audltory vigllance are related to the develop-

ment of functlonal articulatory disorders?

38
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The relationship of articulatory disorders to auditory
vigilance was studied by Schuldt, who attempted to answer
the above question. The purpose of the present study was
to elaborate upon the results of the earlier study by
Schuldt.

Sixty-two subjects were selected. One group, the ex-
perimental group, consisted of thirty-one children referred
to the experlmenter by thelr classroom teachers as having
functional articulatory disorders. The other group, the
control group, was composed of thirty-one children randomly
selected by the experimenter from the same rooms from which
the others were referred. All subjJects were in attendance
in the first two grades of two public schools in Winnipeg,
Manitoba, Canada.

The chlldren, tested two at a time, listened to a
thirty-minute tape recording which consisted of semi-
randomly selected dlglts, presented at the rate of one every
other second, Upon hearing a slgnal, one number presented
twice in successlion, the chlldren were requlred to draw a
line upon the blank sheet of paper in front of them. There
were thirty signals, one randomly inserted within each of
the thirty minutes of the task,

The level of vigllance was Inferred according to the
number of errors made by the chlldren, Errors were of two
types: errors of omisslion, fallure to respond when a
signal was presented; and errors of commlssion, respondlng

when a signal was not presented,
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Conclusions

This study did not reveal any significant differences
between chlldren with articulatory disorders and children
without articulatory disorders with regard to performance
on a task of auditory vigllance. It therefore cannot be
concluded from this study that poor audltory vigilance may
be a factor in the development of functional artilculatory
disorders. The results obtalned by statlstical analyses of
the data made 1t possible to accept the three hypotheses
stated below.

1, For both populations combined, there 1is a
decrease in viglliance from the first to the
last ten minutes of the thirty-minute task.

2., Children with articulatory disorders show a
decrease in vigllance from the first to the
last ten minutes of a thirty-minute task of
audltory vigllance.

3., Children with articulatory disorders show a
positive correlation between the filrst and the
last ten minutes of the thirty-mlnute task of
auditory vigllance,

This 18 the second of two simllar studles attemptilng
to relate the variables of audltory vigllance and func-
tional erticulatory disorders, Nelther study has revealed
significant differences between chlldren with articulatory

disorders and children without articulatory dlsorders.
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Implications for Further Research

As far as thils writer can determine, these studles
seem to be the only ones which have been performed using
children as subjects on vigilance tasks., Psychologists may
be Interested 1n carrying out further investigation using
children as subjects in tasks of vigilance. For example,
it might be profitable to discover if there 1s any change
in performance on a vigllance task as a function of age.
Performances of chlldren, teenagers, young adults, and the
aging could be compared on tasks of vigillance.

It seems that at some poilnt, children's vigllance
will drop off completely, so that they will fail to respond
almost one hundred per cent of the time. It might be
profitable to see 1f there 1s any difference between children
with articulatory disorders and children without articulatory
dlsorders regarding the time at which thils point 1s reached.
A different type of auditory vigllance task might also reveal
different results.

Frequently, distractions have been introduced during
viglilance tasks to find thelr effect upon the performance.
It 18 possible that chilldren with articulatory dlsorders
would be more affected by the introductlon of distractions
than would children without articulatory disorders,

Thus, 1t can be seen that there are many possibllitles
for further research, both for psychologist and speech and

hearing sclentists, It 1s hoped that further research
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may grow out of the present study regarding the children's

performance on a vigllance task.
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APPENDIX I
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Test (continued)
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APPENDIX II

Data

ERRORS MADE BY CHILDREN WITH ARTICULATORY DISORDERS

First Second Third
Subject Ten Ten Ten

Number Minutes Minutes Milnutes Total
1 6 5 6 17
2 0 1 0 1
3 1 2 3 6
4 5 6 5 16
5 2 2 6 10
6 1 1 2 4
7 2 4 6 12
8 5 3 3 11
9 0 0 0 0
10 1 1 3 5
11 1 1 1 3
12 6 4 7 17
1 2 6 4 12
1 0 1 1 2
15 0 1 1 2
16 3 3 4 13
17 1 1 1 3
18 1 0 1 2
19 1 3 3 7
20 1 3 5 9
21 4 2 6 12
22 7 5 5 17
23 5 4 4 13
24 2 4 6 12
25 3 7 2 12
26 9 0 3 12
eT 3 9 7 16
28 3 7 9 19
29 2 5 7 14
30 1 4 1 6
31 4 3 2 9

L9
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ERRORS MADE BY CHILDREN WITHOUT ARTICULATORY DISORDERS

First Second Third
Subject Ten Ten Ten
Number Minutes Minutes Minutes Total

32 6 5 6 17
33 0 1 0 1
34 1 2 3 6
35 5 6 5 16
36 2 2 6 10
37 1 1 2 4
38 2 4 6 12
39 5 3 3 11
40 0 0 0 0
41 1 1 3 5
42 1 1 1 3
43 6 4 7 17
4y 2 6 4 12
45 0 1 1 2
46 0 1 1 2
47 3 3 7 13
48 1 1 1 3
49 1 0 1 2
50 1 3 3 7
51 1 3 5 9
52 4 2 6 12
53 7 5 5 17
54 5 4 4 13
55 2 4 6 12
56 3 7 2 12
5T 9 0 3 12
58 3 9 7 16
59 3 7 9 19
60 2 5 7 14
61 1 4 1 6
62 4 3 2 9
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