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An Investigation of Some Techniques for TrainingI Operators in the Skills of Passive Listening

D. W. J. Corcoran, A. Carpenter, J .  C. ~Iebster ,~~ and M. M. Woodhead

a
INTR ODUCTION

~~~~~~ T’ ~“ ~ ~ es /,.
~~~ ~~

, ~

• The work described hereinAis part of a program assigned to the Medical

Research Council’s Applied Psychology Research Unit (APRU), Cambridge ,

England, by the Sonar Sub—Committee of the Royal Naval Personnel Research

Committee. The experimental work was conducted at APRU and the report was

prepared at NEL. The program is designed to investigate factors affecting

the training and performance of sonar operators engaged in passive listening.
j ~~ 

—t .j r~f ~

The specific purpose of the experiments reported~here is to quest ion the

validity of certain training techniques incorporated into an automatic

teaching device designed by Elliott at the Admiralty Research Laboratory ~
(ARL). This memorandum is intended for limited circulation to those persons

having a need for early access to the information.

CERTAIN REI~ VANT ASPECTS OF THE REAL LISTENING ENVIPONNENT

In order to judge the applicability of the listening situat ions

employed in the present experiments , some background information about the

real environment of the sonarman is necessary.

The sound reaching the sonarman m ay be conveniently classified as

evolving from three major sources: (1) ambient sea noise and platform

noise, which result from a number of different factors and are invariably

present in some degree; (2) cavitation noise, which if present may take 
________

several forms; and (3)  engine noise, which usually has the least amplitude1g~~~ o
0

Exchange scientist currently working at NEL.

•‘Exchange ~ci ±ntist currently working at ?~~C Applied Psychology Research 1~r

Unit, Cambridge, England.
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/
at the hydrophone and may be partially or totally masked by the other

sources.

• 1. Ambient sea noise and platform noise

Ambient sea noise originates from a number of sources. Wenz (1962)
I

details these sources and Halley (1962) has generalized Wenz’s results in

a handbook for sonarmen. The following summary statements are derived

from Wenz (1962), Fig. 13; and/or Halley (1962), Fig. 19.

a. Thermal noise. This is the result of movement of the water molecules.

It is predominantly high in frequency, rising about 6 dB per octave with

increasing frequency. This noise has a level of about —20 dB re .0002

• microbar at 10 KC.

b. Sea state. Winds have a considerable effect upon the state of the

water surf ace and the resulting increase in noise level at the hydrophone

is about 5 dB for every doubling of wind speed. At 1 KC the residual mini-

mum is about 15 dB and a 20 knot wind will increase this level to about 37

dB at this frequency. The effect of wind speed is mainly in the frequency

region between .5 KC and 100 KC.

c. Heavy rain. Heavy rain may raise the ambient level between .5 and

10 KC to levels of 52—57 dB.

d. Ship traffic. Non—target ship t raff ic  has been estimated to cause

as much as a LfØ dS increase in ambient level in densely populated waters.

4 The higher frequencies which ships emit are attenuated readily in the

water, so the resultant noise at the listening hydrophone is greatest

between .01 and 8 KO, reaching levels of 70 dB.

e. Platform noise. The noise of the engines, the propellers and the

flow noise of the parent ship depends upon too many factors to allow
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description. This source may be very loud and highly troublesome to the

eonarman.

2. Cavitation noise *

Cavitation is considered to be due to a reduction in pressure behind

a revolving propeller blade such that the dissolved gases in the sea water

expand into bubble—like cavities which collapse impulsively when normal

pressure is restored. The frequency amplitude and “on—off” cycle of the

cavitation vary with speed and depth. This is often a component of plat-

form noise, but is sufficiently important as a detectable signal that it

will, be treated separately.

Halley (~,962 , p. 6’+—7l ) de fines “blade tip” and “sheet” cavitation and

shows how the cbvitatiorl spectra vary with speeds anddep th of a target

vessel . Elliott (1965) of ARL suggests five types of cavitation of which

three are modulated in some regular time pattern , one is continuous, and

one irregularly and rapidly modulated :

a. Light cavitation. Light cavitation is a relatively high—pitched

modulated noise (about 1.5 KC) in which the on—off ratio is low. It is

probably equivalent to what has been called “blade tip cavitation” in

which the relatively slow rate of propeller revolution causes only th~ tip

of the blade to cavitate. Seldom are blades perfectly matched so that one

blade will normally begin cavitating before the others. When all blades

are cavitating this blade will yield the highest amplitude sound, so that

a clear repeating rhythm is distinguishable.

b. Medium cavitation. This probably occurs when a fairly large

proportion of the propeller is producing bubbles. This causes both a

higher on—off ratio and a lower basic frequency than light cavitation

3
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y
owing to the formation of larger and more abundant bubbles. There is no

strict distinction to be drawn between light and medium cavitation; one

merges into the other with changes in speed and other factors.

c. Heavy cavitation is unmodulated and has a frequency around .1 to

.2 KC. It is characteristic of fast—moving military vessels with good

propeller blades.

d. Hard cavitation. This is a continuous low frequency noise which

is irregularly modulated. Hard cavitation is characteristic of merchant

vessels whose propellers are not well—maintained.

e. Compressed cavitation. This is “light” in having a low on—off

rat io, but is more “tonal” in quality and has been described as “chirping.”

Its origin is unknown .

3. Engine noise

Elliott (1965) of ARL has classified engine noises into six kinds :

rhythmic diesel, reciprocat ing steam , diesel roar , diesel whine, turbine

whine and electric motor whine. These fall naturally into the gross triple

• classification of whines, roars and rhythms: Whines are composed of high

frequency, relatively pure tones , usually in harmonically related sets.

Roars are unmodulated noise with fairly sharply tuned spectra. Rhythms ,

as the name suggests , are discontinuous patterned noises; the rhythmic

diesel has a single regular beat which contrasts with the more complex

pattern of the reciprocating steam engine.
.4

The hull of the ship is considered to funct ion as a resonator and

radiator so that the quality of the propagated sound will depend upon the

structural characteristics of the hull and engine placements as well as

on the proportion of hull under water.

‘ V
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In general, such factors a~ the distance and depth of the listening

vessel relative to the “target,” temperature distribution in the water,

salinity, and the nature of ocean floor all contribute to produce varia-

tions in the quality of the engine sounds reaching the sonarman’s ears.

The above very brief summary of the characteristics of the real listen-

ing environment serves to emphasize the extreme difficulties facing the

sonarman when he is attempting to classify the engine which is driving the

“target” vessel. In general, his task can be summed up as an attempt to

recognize types of engines when these are heavily masked by semi—structured

noise and when there may well be enormous variat ion in the characteristics

of the same type of vessel and even the same vessel under different conditions.

ThE ARL PROGRAM AND ITS REL ATION ‘10 THE PRESENT EXPERIMENTS

The characteristics of the ARL program which it was felt desirable

and practical to question were:

1. Are the proper verbal labels being used? Verbal labels are used copiously

in the ARL program in order (a) to orientate the listener toward the relevant

sound and away from the masking noise, (b) to point out features of the

sound which are thought to distinguish it from other sounds, and (c) to aid

in the retention of the sounds. The possible hazards involved in the use

of verbal labels may well outweigh their advantages. For example : (1) The

trainer may fail to communicate with the trainee or may even give him “in—

correct” information b: an unfortunate choice of a descriptive. (2) The

j programmer may be wrong in his choice of relevant sound characteristics.

(3) Labels may actually impair retention of a sound by causing the trainee

to “squeeze” his experience into an inappropriate category.
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A large portion of the present experiments has been concerned with

labels supplied both from the synthesizer (who “knows the rules”) and from

experienced listeners who can be considered to correspond to the programmer

of the teaching trainer .

2. Should training be “massed” or “spaced”? The ARL program is something

of a mixture of “massed” and “spaced” training techniques. One of the

experimental conditions employed in the present study is an attempt to

discover whether it is possible to obtain improvements in performance using

different orders of presentation of training items. Since there are many

degrees and kinds of massing and spacing it has not been possible in the

present experiments to sample them all. Accordingly a “sensible” ordering

has been compared with a random one, in order to establ ish the general fact

that ordering of items can influence performance.

3. 
- 
How much ambient noise should be on the training sounds? In general,

the items used in the ARL program were “good” recordings in the sense that

the available library was scanned for recordings in which the engine noise

was clear. This may or may not be a good procedure, since although the

trainee is presented with a relatively clear sound from which he may obtain

rich and useful information, he may be ill—prepared for the more difficult

practical situation. Alternatively, it may be the case that luite unrealistic

recordings should be used which are far freer of masking noises than would

normally be encountered in practice. With these considerations in mind

most of the engine sounds used for tr uintng in the present experise nts were

rather heavily masked by cavitation noise, but some engine sounds were

noise~ free , ~n1 some had a high ratio between engine (Signal) and cavitation

(Noise).

6
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4. Is knowledge of results (feedback) or cueing (giving the name before

the sound) the best training method? At certain stages in the ARL program

4 the trainee is required to make an attempt to classify a sound before the

correct answer is given. This is a necessary part of the program since the

trainee is not allowed to proceed to the next stage until he has demonstrated

mastery of the previo ms one. The experiment reported here seeks to discover

the relative effectiveness of “cueing” (giving the name before the sound)

as opposed to knowledge of results (KR) or “feedback” in which the subject

guesses at the classification before being given the correct answer in oraer

that the programmer may use these methods as little or as much as they are

required. Cueing vs feedback, or knowledge of results (KR) has been shown

to be important in training for perceptual task8 by Annett and Clarkson

(1964), who say “cueing was found to be effect ive , sometimes more effective

than KR in training (to) ...identify an auditory signal.”

Four other studies are also directly relevant to the present report.

Two studies by Swets et al. (1962, 1966) have shown an advantage in favor

of the cueing procedure, but studies by Sidley et al. (l965a , l965b) and

Weisz and McElroy (1965) have shown that feedback is as effective as cueing

if exposure of the stimulus is sufficient for it to overlap in time with

the name. These facts will be considered further at a later stage.

5. What is learned: engine types or only the specific example of the typ ?~~

4 The ARL program consists of a training and a test session. The test session

is structured to provide further training as well as to test the success

of the previous session. In the teat session, however , the same recordings

are used which were prese nted as train ing items. A correct test item

could therefore indicate not so much that the engine ~~~ had been learned

7
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/
but that the actual recording used for training had been memorized. It

was therefore considered necessary in the present experiments to construct

a large population of “engine” sounds , so that the test recordings could

contain items never heard before. In order to keep the procedures as close

as possible to the machine program , training was cond ucted entirely with

the use of a very small population of sounds. A few of the training sounds

were “injected” into the test recordings in order to discover whether

“training” items were better identified than test items.

THE EXPERIMENTS

Training and test material

Two separate populations of sounds were synthesized: (1) five masking

noises, simulating cavitation, and (2) one hundred and four “engine” noises.

The engine and cavitation sounds were mixed, to make up a tot al library

of 5 x 105 (520) mixtures.

The proportion of engine, or signal, sound to cavitation, or noise,

sound was varied as will be described later. This ratio of signal to noise

will hereafter be referred to as the Signal/Noise ratio and abbreviated

S/N ratio. Note that ambient sea noise as such is not mixed in. This is

because this is a classification task , NOT a detection task. By definition

the engine/cavitation sound is already above the ambient sea noise before

classification can occur.

Characteristics of the synthesized cavitation sounds (noise)

The five cavitation noises were produced by passing white noise through

a formant type filter. This has a peak transmission 4 dB above that at

low frequenc ies, and above the formnnt peak th e response approach ed a

H 8



slope of —12 dB per octave. Spectrograms of the five cavitation noises

are shown in Fig. 1. Details of each follow:

a (1) “Heavy” cavitation consisted of noise with spectrum as described

above , the peak being set at 150 cps. There was no further modulation .

(2) “Hard” cavitation was produced with the same filter setting as for

Heavy, the output being 80% amplitude-modulated with a very low frequency

noise signal (0.1 to 5 cps).

(3) “Medium ” cavitation had a peak frequency of 300 cps and was 50%

amplitude-modulated by a sinusoidal signal at 2.5 cps.

(4) “Light” cavitation had a higher peak frequency, 600 cps, and the

modulation, by the same 2.5 cps sine wave, was increased in magnitude and

“backed off” until the noise signal consisted of shaped pulses with an on—

off ratio of 1.2.

(5) “Compressed” cavitation had the same filter setting and modulation

characteristics as Light , bu~ a “chirping” qua lity ~-:as produced by passing

part of the modulated signal through a sharply tuned filter, set at 1200 cps

and with a bandwidth of 20 cps. The ringing output of this filter was added

to the Light cavitation noise in an amount which produced an easily recog-

nized change in subjective quality although there was no appreciable change

in an overall level measurement.

Characteristics of the synthetic Engine noises (signals)

A gross description of the 10~ engine noises and their response categories

(names assigned) ir shown in Table 1. Table 1 contains only the relevant

parameters of the stimuli. Detailed physical parameters and the names

assigned to each are given by engine number in Tables 2, 3, and 4. Spectro—

grams of 11+ representative engine noises are shown in Fig. 2. Details

of the engine noises follow: ~~~~~~~~~~

___________________________ -- __.%__
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Whines (called Albert , Bertie , or Charlie)

Whines originated in a pulse generator with a line spectrum uni form

to 3 kcps . The repetition rates were , for “low pitched” whines , 52 , 100 ,

and 125 pps , aSd for “hi gh pitched” whines , 160 , 205 and 245 pps . The

pulse signal could be modulated either in frequency (with a deviation of

+ 10 pps at a rate of 4 cps ) or in amplitude (30% s.m. at 6 bps), or both

simultaneously. The ummodulated pulse signal and that with frequency modula-

tion only were de fined as “Smooth .” Both modulations together produced the

signal defined as “Rough. ”

This pulse signal , either Smooth or Rough , was given a further dichotomy ,

into “Rounded” or “Edgy ” by band—pass f i l tering. For sounds defined as

Rounded , the frequency ranges passed were either 40 to 450 , 40 to 600 , or

225 to 1250 cps . For the Edgy sounds the ranges were either 4~o to 2500,

320 to 5000, or 1250 to 5000 cps .

Roars (called Douglas)

Roars were produced by passing white noise throug h a fo rmant filter with

a higher “i” value than tha t  used to produce the cavitat ion noises (the

peak was + 10- dB re the low frequency response) . The high peak amplitude

empha3ized the chosen frequency to give a tonal quality to the sound . The

peak frequencies were split arbitrarily into “Low ” and “Hig h” : Low Roars had

peak fre iuencies of 120, 140 , 160 and 180 cps; and High Roars had peak f r e —

quencies of 200, 220, 250, and 300 cpa .

Rhythms (called Eric, Freddie and George)

The signal from which the “rhythms” were made was produced as follows:

The pulse generator was set to a rate of 57.5 pps. Six groups of sharply

tune l resonant fi1ter~ w’~r~ tuned to the 2nd, 1:th , 5th , 6th, 8th and 10th

10



har~ionics of this pulse tone . In each case either two or three resonant

filters wer~ used , the Q being between ten and forty ,  so that the selected

harmonic output was perceptually a pure tone with no modulation at the

fundamental frequency. The bandwidth of these groups of resonant filters

was not measured , but was probably in the region of 10 cpa.

The pulse excitation was then removed and a white noise source connected

in its place. The filter outputs were then bands of noise, so narrow that

they sounded like randomly modulated pure tones. These tones when added

produced a true scale common chord with the third on top, i.e., 115, 230,

288, 34 5, 460 and 575 cps (B~, B~, D4, F4, B~, and D5). However, as the

tones had a random source there was a pronounced reverberant or “choir”

effect.

“Mixed” Rhythms used either all six components together (harmonics 2 , 4 ,

5, 6, 8 and 10) or only harmonics 5, 6, 8 and 10; “single” Rhythms used

either the fifth harmonic (288 cpa ) or the tenth (575 cpa).

From these signals the Rhythm was obtained by modulation. The modulating

voltage was obtained photoelectrically from a rotating cardboard cam; thus

both the amplitude and the tone relations of the bursts of signal constitut—

ing the rhythm could easily be varied . Both variables wer: used , so that

in the Double Rhythm a loud burst of signals was followed by a quieter one,

with a relative pause before the next loud burst. Similarly, with the

Triple Rhythm , a loud burst was followed by two less loud bursts, and then

a pause.

For each rhythm there were two paper cams , nominally the same , but

inevitably differing in detail .  Similarly, there were two rates of pre—

sen tat ion , pr duced by turning the cam at different speeds. Neither of

11 
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the two latter variations had any influence upon the correct response,

and these factors will be lumped together for the remaining discussion.

Reference to Table 1 will show that there were altogether seven basic

types of engine noises: Albert , a low pitched smooth whine, Bertie , a

high pitched smooth whine ; Charlie, a rough whine whose pitch was irrele-

vant; Douglas, a roar; Eric, a single rhythm ; Freddie , a double rhythm ;

and George, a triple rhythm. The rounded—edgy dimension of the whines,

the pitch of the roars and the harmonic structure of the rhythms made it

possible to define the fourteen possible categories of response shown at

the base of Table 1.

Construction of training and test tapes

The general procedure used on making up the tape recordings was to mix

an engine sound with a cavitation sound at a suitable S/N ratio. The S/N

ratio selected for each mixture depended upon experimental conditions , upon

the engine nc ise and upon the cavitation.

Twenty—eight engine noises (two each of the 14 distinct types) were chosen

to be representative of the population , and each engine was randomly combined

with a cavitati on. The twenty—eight mixtures so formed were used in all

training recordings . All engine noises ware used twice but the cavitation—

engine mixtures were never repeater~ except in a few instances for Roars.

The order in which the mixtures were played , determined by a random procedure,

was constant for all training recordings but one. Test recordings were con-

structed in the same way as the training tapes, i.e., two exvaples of each

type of engine were used.

Training Tape 1

The sounds and the order in which they were assembled on Train ing Tape

1 are described on the left side of Table 5. Tn Tables 3, 4 and 5 each

12



each of the 104 engine sounds, including the 28 on Training Tape 1 (‘l’Tl)

is desc~ibed in terms of its relevant parameters. EacF item lasted for 15

sec. and was followed by an interval of 15 sec. before the next item.

~ iring the intervals between items the name and name only of the next item

was inserted.

The S/N ratio was “realistically low” in that the engines were judged

to be about as heavily masked as in the practical sonar situation. In order

to reach a “realist ically low” S/N ratio the two synthesizers listened to

an engine noise free of masking and then gradually introduced the masker and

reduced the S/N ratio until the relevant characteristics could just be per-

ceived. Both the engine and cavitation type used in the mixtur e influenced

the chosen S/N ratio; thus considerable variations in the numerical value

of the S/N ratios can be seen in Table 5. Figure 3 shows spectrograms of

typical mixtures of engine and cavitation noises. One example is shown

for each type of cavitation noise and , in fsct, the examples are items 1, 2,

3, 4, and 5 of training tape 1. It must be remembered , however, th at each

S/N ratio was subjectively equivalent , i.e., the value at which the relevant

“engine” characteristics could just be perceived above the “cavitated” noise.

Note that the value of S/N is always negative; i.e., the experimenter per-

ceived the engines in physical S/M levels where most of the meas~zrab1e

physical energy was the noise. In fact, in Fig. 3 it isn’t always vi sually

obvious that an enginc noise is present at all.

In summary , TT1 is characterized by Name Cueing , No Knowledge of Results

(KR), Random order, -and Difficult S/N, or NC, — , R, D.

ii
13
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Training Tape 2

Training Tape 2 (T’P2) was an exact copy of TT1 except in the information

contained in the intervals between the sound mixtures (training items). In

Tr2 both the name and the “synthesizer ’s description” occupied the inter—

sound interval. The “synthesizer ’s description” consisted of a set of

adjectives whose meanings had been previously defined during the pre—test

instructions. The adjectives had been carefully chosen to describe the

relevant parameters as closely as possible. They were not acoustic or

electronic terms; some , e.g., “high pitch ,” were common descriptives, while

the meaning of others, e.g., “mixed” or “edgy,” had to be accepted and

learned. It is important to distinguish the “synthesizer’s descriptions”

from the terms to be used later in the “experienced listener’s descriptions.”

The main feature of the synthesizer ’s descript ions was that they were as

close to the truth as language would allow since they were chosen by the

experimenters, who had full kzlowledge of the physical structure of the sounds

and the rules by which the qualities were combined. In summary , ¶I~T2 is

characterized by Synthe sizer~—Description-Cueing, No KR , Random order, and

Difficult S/N, or SDC, — , R, D.

Training Tape 3

The sounds in Training Tape 3 (TT3) are identical to those in TTs 2. and

2 except th at th e orde r of items was no longer random. Table 6 presents

the new order , which was designed such that each sound differed from its

predecessor by one relevant characteristic only. In summary , TT3 is char—

acterized by ~ynthesizer ’a-Description-Cueing, No KB, Ordered items, and

Difficult S/N, or SDC, —
‘ 
0, D.

‘4
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Training Tapes 4a, b, c, d, and e

These tapes were like ¶1’T2 except that the synthesizer’s description
a

- 
occupied the interval after the sound rather than before it; thus instead

of cueing, the listener would have knowledge of their results (KR). The

only difference between recordings 4a, b, c, d, and e was that each began

at a different point in the item order shown in Table 5. Tape ka began

with item 4 (Engine number 60), proceeded to item 28 (Engine number 70),
and then went on with items 1, 2 and 3. Thus Tape 4a had 28 items which

were in almost the same order as previous tapes, but started and finished at

a different point. Tapes kb , c, d and e started and finished at different

points but were otherwise identical to Tape 4a. In summary , TTS 4 are

characterized by No Cueing, ~ rnthesizer’s Description as Knowledge of

Results (KR), Random (though systematically shifted items), and Di ffi cult

S/N, or —, SDKR, 0, D.

Training Tapes 5a, b, c, d and e

These recordings were identical with Tape 2 except in their S/N ratios.

Tape 5a contained no masking at all, and in 5b to 5e the S/N ratio was

gradually reduced. The S/N ratios employed in these tapes are presented in

the last five columns of Table 5. In summary, TTs 5 are characterized by

Synthesizer ’s Description Cueing, No KR , Random order , and Varying S/N, or

SDC , -, P., V.

Test T ap e s i t o x

Each Teat Tape contained two examples of each type of engine. Items

were of 15 sec. duration and separated by 15 sec. of quiet. Realistically

low S/N ratios were used in all tapes. Three or four items in each tape

were identic al with certain items used in the Training Tape. Full details

of Tapes I to x are given in Tables 7 to 16.

25



Teat Tapes Ia to va

These recordings were identical to Test Tapes i to v, except that there

was no cavitation present on Tape ia. Cavitation was introduced and increased

in amplitude relative to the engine level from iia to Va. The S/N ratios

can be found in the final columns of Tables 8 to U.

Table 17 summarizes all the characteristics of the training tapes (TrngTa)

and test tapes (TsTs).

Subjects and Procedures

A total of 81 Naval Ratings were tested; none were included who were

found to have a hearing deficiency likely to interfere with the task.

Subjects were tested in sub—groups of six in semi—secluded cubicles fitted

with earphones. Ten 40 m m .  sessions were conducted over a period of five

days. A session consisted of a fifteen—minute training period and a test

period of equal length . Subjects recorded their responses on answer sheets

and at the end of each session they were allowed to mark their own sheets

(suitable measures being taken to prevent cheating). The number of correct

items was plotted on graph paper and displayed throughout the ten sessions,

so that subjects and experimenter had an up—to—date record of progress.

The 81 subjects were divided into eight groups, designated A, B, C, D,

E, F, G , H. Table 18 summarizes the experimental training conditions

employed on these groups . More details for each group follow:

Group A. Group A comprised 12 subjects. They were presented with

Training Tape 2. in the first half of each session and Test Tapes i to x

in the latter half. Subjects were told that the recordings consisted of

a signal and a masking noise and that they had to ignore the maskers and

attempt to ident ify the signals by the names given on the Training Tape.

I .
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The fourteen possible answers were always displayed on their answer sheets.

No questions addressed to the experimenter concerning the relevant para-

meters to which they should listen were answered. The procedure was

repeated over a two—week period of twenty sessions on this group. The

~esu1ts of the first ten. sessions only are considered here.

Group B. This group contained eleven subjects. Training Tape 2 (syn-

thesizer ’s descriptive cueing) was used for training and was followed by

Test Tapes I to x. In addition to the general instructions, this group was

given a full description of the way in which the sounds were constructed

and the rules they were to use to come to a decision, and were allowed to

consult the logical breakdown of the sounds shown in Table 18.

Group C.- The procedure used in Group C was a mixture of procedures used

on the two preceding groups. This group of six subjects was given Training

Tape 1 for the first five sessions and Training Tape 2 for sessions six to

ten. Before the first session they were given instructions appropriate to

Group A and before Session Six the instructions for Group B. Test Tapes i

to x were used in the latter half of each session.

Group D. During the training part of each session the subjects in

Group A were asked to record their own descriptions of each type of sound.

This instruction was carried out faithfully by the greater majority of the

subjects, although some preferred to use diagrams rather than words, The

descriptions recorded after fifteen to twenty sessions were examined and

the most valid (the ones corresponding most closely to the synthesizers’

descriptions) were displayed on a sheet identical to Table 19. Group D,

which comprised twelve subjects, was presented with these “experienced

listeners’ de3criptiona” an~ trained on Training Tape 1. They were told

I 
- 
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how the descriptions had originated and that they would be well—advised to

use them. Test Tapes i to x were again employed in the second half of each

session.

Group S. This group of eleven subjects was treated identically to

Group B, but listened to Training Tape 3 rather than 2. This group was

therefore comparable to B except in receiving the training items in a

different order.

Group F. Group F, which consisted of five subjects, was instructed in

an ident ical fashion to Group B, but were given supplementary instructions

to prepare them to receive training tapes in which the S/N ratios would

start high and gradually decrease over the first six sessions. They ~:ere

given Training Tapes 5a, b, c, d, and e over the first five sessions, fol-

lowed by Tape 2 for the last five. Teat Tapes i to x were used during the

latter part of each session. Thus the “easy” training schedule on the first

five sessions was matched against difficult test recordings~

Group 0. This group contained twelve subjects. It was treated identi-

cally with Group F except that the Test Tapes used from session one to five

were is, iia, iiia , iva and va. The easy training recordings of the earlier

sessions were therefore accompanied by correspondingly easy tests.

Group H. This group of twelve subjects was tested similarly to Group

0 except in the last five sessions, in which the subjects received Training

Tapes 4a, b, c, d and e, respectively. When presented with Training Tape

4 they were requested to anticipate the name of the sound before it came

over their earphones. Group R, therefore , differed from Group 0 only in

the final five sessions, when a “feedback” procedure was substituted for

the cueing proce lure used on Group 0.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  -_ _ _-



- RESULTS

A. Measures used

Whenever possible, four indices of performance have been extract ed

from the data :

1. Percentage of correct responses on the last five sessions. This

measure gives an indicat ion of the absolute levels of perf ormance attained

during the latter half of the training program.

2. The saving in training time. This measure indicates the number of

training sessions under a given condition X required to reach the final

performance level of another condition Y. The index is expressed as a

percentage , thus a p% saving means that the final performance level achieved

by T was reached by X on or about session (10—p/b ). As a visual aid to

obtaining this index, linear curves have been fitted to the data. As Will

be seen in Figs. 4 to 7, the line3r assumption is not too seriously violated.
The savings measure is probably the most important criterion, since (a) it

is less dependent upon the actual materials used in these experiments than

the absolute levels of performance and (b) it is related to the amount of

teaching machine time likely to be required to reach adequate levels of

attainment.

3. The rate of improvement over sessions. This measure has been

assessed by comparing the first three with the last three sessions.

4. The relative probabilities of recognizing “new” and “old” items.

It will be recalled that the test tapes were constructed mainly from mIx—

tures which had never been used in the training recordings ; in a few cases,

however , items used in the training tapes were inserted into the test

tapes. Th~ precise index used to assess the ability of the subject to
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generalize to new items was the proportion % Items correct/% Old items

correct.

B. Effect of training procedures

1. The influence of descriptives in cueing: Groups A vs B vs C vs D.

Groups A, B, C and D differed in the type of cueing (verbal informa-

tion bef ore ~~ch sound) employed: Group A used name cueing (A : NC); B

used the synthesizer’s description (B : SDC); C used name cueing for the

first five sessiom and the synthesizer ’s descript ion for the last five

sessions (C : N/SDC); while D used name cueing supplemented with listeners’

descriptions (D : NC — LDC). It is clear on inspection of Table 21 and

Fig. 4 that Group B (SDC) was markedly superior to A, C and D. Group B

differed from Groups A, C, and D in that the synthesizer’s description was

used as cueing A(BC), c(Nc/SDC), and D(ND — LDc). The level of performance

reached by Group B(SDC) over the last five sessions was reliably higher than

that of all other groups and the saving in training time over other condi—

tions was in the region of 40% to 50%. There were, however , no reliable

differences in these respects between A(NC), C(NC/SDC), and D(NC—LDC).

Inspection of Fig. 4 and the accompanying equations shows that the only

marked difference in rate of improvement over sessions was between B(SDC)

and D(NC—LDC), B(SDC), showing 2.33% improvement per session compared with

the 1.33% shown by D(NC—LDC). This difference is statistically significant

(t~2.4035, p\.05).

On the first session the performance level of Group D (NC—LDC ) was

higher than that of Group A (rIC) (t~3.39l9, p,(.Ob) and Group B(SDC)~
However , Group D(NC—LDC) did not show a statistically reliable improvement

over sessions (p= .38~ ) ,  so that on the final sessions Group D(MC—LDC) merges

with A (NC) and C(NC/SDC) and is well below the level achieved by B(SDC).

20



Group D(NC—LDC) is alone in failing to show a statistically reliable

improvement over sessions.

2. The influence of item order: Group B vs E

In Group B the sounds on the training tape were in random order

(B:R); in Group S each sound differed from the preceding item by one rele-

vant quality, that is, the sounds were systematically and logically ordered

(E:O’. Fig. 5 shows the plot of Group 5 (0) to be consistently superior

to B (R) from the third session of training onward. The mean of the last

five sessions for Group 5 (0) is 44 .6% compared with 39.2% for Group B (R);

this difference , which is statistically reliable (t=2.5830, p~~.O5) repre-

sents a saving in training time of 20%. The two groups do not differ reli-

ably in terms of their relative improvements over sessions but Fi5. 5 shows

that Group E (0) may generalize to new items somewhat more readily than B (R).

3. The influence of high S/N ratios: Groups B vs F, and vs 0

Group B was both trained and tested at realistic but difficult engine!

cavitation (S/N) ratios (B:D,D ) :  For the first five sessions Groups B, F,

and 0 were treated identically in that all groups were both trained and

tested on difficult items.

Comparisons between Groups B(D ,D), F(V,D), and G(V ,V) failed to

yield any statistically reliable differences, although Group F(V,D) did

show a small superiority over B(D,D) and G(V,V) (Fig. 6).

4. The influence of cueing vs knowledge of results: Group 0 vs H

For the first five sessions Groups 0 and H were treated identically.

• - On the last five, Group 0 continued with the synthesizer ’s description as

cuetng (B:3DC ) whereas Group H heard the synthesizer’s description after

(not before) ~h3 sound , that is, they had immediate knowledge of results

(KR), (H:SDKR).
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No significant differences were observed between Groups G (SDC)

and H (SKDR), but H showed a small , non—significant superiority (Fig. 7) .

5. The influence of using training items as test items

In Fig. 8 are plotted the proportions % correct items/% old items

correct, as a function of sessions. Points below the horizontal line

(drawn at 1.00) indicate that  old items had the higher probability of

being correctly identified and points above the horizontal indicate that

new items are the better  recognized. Of interest is the overall fi nding

that new items are as likely to be answered correctly as old items. Since

the inserted old items nay have inadvertently been made more difficult

(of lower S/N ratios) than the test items , it cannot be confidently con-

cluded that subjects identify new items as easily as old. It can be con-

cluded, however, that a sizable proportion of learning is of the general

kind. Comparisons of the plots o~ Grou ps A , B, and D in Fig. 8 show some

interest ing but non—significant tendencies. Group B apparently tends to

generalize to new items more readily than A or D, and Group A seems to

improve In it3 ability to generalize as training proceeds.

DISCU3-~ION OF FINDINGS

In the following paragraphs we shall refer in turn to the questions

posed on pages 5 to 8, state the conclusions which may be drawn from the

experiments and translate the findings into practical recommendations to

the programmer.

2.. Should verbal descr~p~ions be used?

Verbal labels used to describe the engine noise are effective if,

and only if ( -
~~) they succeed in communicating to the trainee the actual
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parameters of the sound to which he must respond (3 vs A , Fig. 4) and

(b) the descriptions are used from the beginning of training (B vs C,

Fig. 4). The descriptions supp lied by experienced listeners were not as

effective as descriptions of the actual parameters of the sounds CD vs B,

Fig. 4). They yielded a high initial level of performance but failed to

improve significantly with training. Listeners’ labels may therefore

function as “pointers” highlighting the sound from the noise and possibly

indicating some of its characteristics. In any case , they were equally as

effective as name cues only (D vs A , Fig. 4). They fail, however , to act

as efficient aids to memory and are probably harmful in this respect.

The choice the programmer has to make is between supp lying no labels

in his program , supplying labels early in training and not encouraging

depe ndence upon them later , or continuing ‘-ri th the exi~~ ing use of labels.

This choice will depend upon whether he considers that he is communicating

the truthful facts about the sounds, i.e., whether the procedures adopted

with Groun B or Group D correspond the more closely to his procedures. It

will be recalled that o.üy the most valid of the listeners’ descri ptions

were fed to Group D; thus the experimenter made every at tempt to convert

the listeners ’ descriptions into “synthesizers ’ descriptions” by rejecting

all those which emphasized irrelevant or incorrect sound characteristics .

Ostensibly this procedure may be considered to have produced labels

superior to the descrip tions u3ed in the machine program , whose only redeem-

ing characteristic is that they we re coined by even more experienced u s —

- - - teners than o~r own subjects, who h~ -1 received only 10 to 13 hours of

exposure . 3ince the in i t i a l ly  high levels of p .~rformance shown by Group

B are of lit~Je practical signi fic’rnce , it is recommc’n~1e - 1 that the

-
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machine program be run with and without descriptions so that more direct

information may be gained about the status of the programmer ’s labels.

The alternative is that labels be omitted from the program , since the

evidence suggests that improvement is minimal unler these conditions.

2. Is some advantage to be gained from reordering of items?

It was the purpose of the comparisons between Groups B and E to test

the effectiveness of one type of ordering of items. The results showed

that the particular order chosen was effective . Thus an order in which

ea ch item d i f f e r s  from the preceding item by one relevant quality was

shown to be super~.or to a random order. The finding has both practical

and theoretical significance. Practically, the finding sug~eats that

sound3 which the trainee is likely to find d i f f i cu l t  to distinguish should

be presonted altornately, not separated in time or by other intervening

sounds. In general , t ime spent by the progr ammer in reordering his items

and any comparisons he makes between different order~ is probably time

well spent .

3. Should gou~ recorlinga be used?

The preu~ nt ex p e r i m e n t s  have f i i l e d  to den on str - te that  a s ignificant

advantage is gained with the use of noise—free and high ~/N recordings.

Thus an~j adv- ~:~tage gained by being able to hear  the relevant qualities of

t~ e sounds is o f f se t  to some extent by the trainer ’s unpreparedness for

the low ~/:~ r -~t L o  ter;t recordings, or from his unt:ained capacity to

lis ten to heavi ly  mask ed sign-~ls. These f indings indicate that  there is

l i t t l e  to be gained from being too selective in the choice of expensively

acquired shi p recordings . The fin~ ing also su~;gests tha t  l is tening be neath

24
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noise may be a skill which can be improved beyond normal limits with

training. It may thus be profitable to devote some proportion of training

time to acquiring this skill.

4. Is cueing more effective than fec-aback?

Feedback procedures are usually used a~ motivational aids and as such

they are perhaps best used at the end of a long period of training when

motivation is probably at its lowest level. For this reason the feedback

method was used during the latter half of the training program in the

present experiment . The results showed a slight but non—significant super-

iority for the feedback condition over the cueing procedure . Sidley ’s

findings which were referred to earlier, taken in conjunction with the

present findings, would seem to indicate that it might prove beneficial to

introduce a time—overlap feedback procedure in the latter stages of the

program. Sidley ’s results alone would suggest that when the feedback pro—

ccdurc is necesaary in the program the  t ime—over l ap  procedure should be

employed in or ier to get the most out of each training ~rt~~~ntation .

5. Is specific recordin~ or engine type learned?

The data (Fig. 8) indicate that e rather than specific recording

was learned. This conclusion must be qualified with the reminder that

there is no guarantee tha t  the t r a i n in ~ it~ rs .s within the test tapes were

of the sane lov -~1 of difficulty as the test items. ~ince a good deal of

care was taken in the prep~i r a t t o n  of the tapea , this possibility is un-

likely . The programmer may therefore teel confident that his index of

attainm~nt by~ eJ portially upon “old” items does not seriously overestimate

the t r~ inee ’s real at t a i n m e n t .

25
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CONCLUSIONS

The, present report has led to the following conclusions :

1. Verbal descriptions that pertain to the actual physical character-

istics of the sounds should be used. Those supplied by “experienced”

listeners should be used with caution.

2. An ad van t age is likely to be gai ned by experimenting with the

order in which t r ai n ing items are presented.  The order found most usefu l

in the present experiments involved the presentation of one change in a

relevant quali ty per item.

3. Good recordings are not necessary , but there is certainly no dis-

advantage in their use.

4. Feedback procedures should be concentrated more at the end of a

training program and recordings should be extended temporally to overlap

with the feedback .

5. A large population of engine noises is probably desirable but not

necessary .

- 26
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• Table 2
Engine Sounds 1 to 48, Whines (Albert , Bertie , Charlie )

Pitch
Low High

(Albert, if smooth) (Bertie , if smooth)
(Charlie, if rough) (charlie, if rough)

82 C~~6 100 cps 125 cps 160 cpa 205 cpa 245 cpa

1 5 17 21 33 37 
—

2 6 18 34
- 3 7 19 23 35 39Engine 4 8 20 24 36 ‘+0Sound 9 11 27 43

10 12 26 28 44
13 15 31 ‘+7

16 32 ‘+6 ‘+8

Smooth Rough
(Albert , if low ; Bertie , if high) (Charlie )

Unmodulated Freq. Modulated Amplit. & Freq. Mod.

1 17 33 13 31 9 27
2 i8 34 32 10 28
3 19 35 13 45 11 4].

Engine 4 20 16 46
Sound 5 ~! 29 ‘+7 25

6 ~~~~~~~ 48 26 ‘+4
7 23 39
8 24 ‘+0

Band—Pass Filter Limits in cps

Rounded (R)  Edgy (E)

40—450 4o—6oc 225—1250 ‘+50—2500 320-5000 1250—5000

1 927  2 10 28 3 4
5 13 31 6 ].4 32 7 8
17 41 18 i~~ 42 19 20

Engine 21 13 ~~ 22 16 ~~ 23
Sound 33 25 43 34 26 ‘+4 35 36

2 38 ~~~ 48 39

Note ; The underlined engine numbers are those used in Training Tapes
1 through 5.
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Table 3. Engine Sounds 49 to 56, Roars (Douglas)

Formant-filter peak
in cpa

Low (L) High (H)

120 140 160 i8o 200 220 240 300

Engine
Sound 49 50 51 52 53 54 56

Table 4. Engine Sounds 57 to 104, Rhythms (Eric, Freddie, George)

Rhythm
Single Double Triple
(Eric) (Freddie) (George)

Engine 57 to 72 73 to 88 J 89 to 104
Sound _______________________________________________

Harmoni c Component(s) Present

Simple (a) Mixed (M)

5(288 cpa) 10(575 cpa ) 2,4,5,6,8,10 5,6,8,10
115 to 575 cpa 288 to 575 cps

59 83 60 84 ~8 82 57 81

Engine 63 87 64 88 62 86 61 85
Sound 67 91 68 92 66 90 65 ~~

71 ~~ 72 96 70 94 69 93

75 99 Z~~~!22 74 98 97
79 103 80 104 78 102 77 101

Note: The underlined engine numbers are those used in Training Tapes
1 through 5.

- 
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Table 5. Order, Number , Descr ipt ion, Name , and S/N ratios for engine/cavitation

- 
sounds for Training Tapes 1 and 5a, b, c, d, and e

TRAINING TAPE 1 TRAINING TAPE 5

Relative level in dB of
• Engine above Cavitation

ITEM ENGINE S/N Re levels used on TTI
NO. NO. CAVITATION RATIO DESCRIPTION’ NAME” Training Tapes 5.
_ _  _ _  _ _ _ _ _  _ _  _ _ _ _  _ _ _  

TT1

1. 54 Heavy (He) —10 RrH Douglas(H) 10 7 5 2 1 0
2. 20 Hard (Ha) —50 WLSE Albert (E) 50 35 20 10 3 0
3. 89 Light (L) —38 RhTM George (M) 38 28 18 8 2 0
4. 60 Medium (M) —14 RhSSi Eric (a) 14 9 6 3 1 0
5. 26 Compressed (C) —48 WLRE :harlie (E) 48 36 24 12 4 0
6. 55 L —40 RrH D (H) 40 30 20 10 3 0
7. 67 M —30 PhSSi E (a) 30 22 14 6 2 0
8. 86 M -20 RhDM F (M) 20 15 10 5 2 0
9. 37 L —44 WHSRd B (R) 44 33 22 11 3 0
10. 100 C —40 RhTSr G (a) 40 30 20 10 3 0
11. 79 L —26 RhDSi F (a) 26 18 12 6 2 0
12. 41 Ha —42 WHRRd C (R) 42 32 21 10 3 0
13. 13 He —28 WLSRd A (R) 28 20 13 6 2 0
14. 50 Ha -14 RrL D (L) 14 9 6 3 1 0
15. 36 He -50 WHSE B (E) 50 35 20 10 3 0
16. ‘+8 N —38 ~‘HSE B (5) 38 28 18 8 3 0
17. 11 C —38 WLRRd C (R) 38 28 18 8 3 0
18. 51 Ha -10 RrL D (L) 10 7 5 2 1 0
19. 102 C —38 RhTM G (M) 38 28 18 8 3 0
20. 95 M —20 - RhTSi G (a) 20 15 10 5 2 0
21. 61 He -38 RhSM E (N) 38 28 18 8 3 0
22. 73 Ha —42 RhDM F (M) 42 32 21 10 3 0
23. 42 M -38 c (E) 38 28 18 8 2 0
24. 76 He -38 RhDSi F (a)  38 28 18 8 2 0
25. 14 C —48 WLSE A (E) 48 36 24 12 4 0
26. 29 L —42 WLSRd A (R) 42 32 21 10 3 0
27. 21 He —30 WHSRd B (R) 30 24 14 6 2 0
28. 70 C —44 RhSM S (M) 44 33 22 11 3 0

‘ W = Whine Pr = Roar Rh = Rhythm
L Low pitch H = High pitch S = Single
H = High pitch L = Low pitch D = Double
R = Rough T Triple
S = Smooth Si = Simple

Rd = Rounded • N = Mixed
E = Edgy

“ A = Albert , B = Bertie , C = Charlie , D = Douglas, E = Eric , F = Freddie, C = George
(R) = Rounded , (5) = Edgy, (H) = High, (L) = Low, (s) = Simple , (N) = Mixed

-_ _ _-.- ~ -.-~~~~~ - •. --- -~~~~~~~-- - - - - -



Table 6. Training Tape 3 with revised non—random order (u8ed with Group 5)

The Cavitations and S/N ratios are identical with
Training Tape 1, Table 2.

S

• ORDER ENGINE NO. DESCRIPTION NAME

1. 20 WLSE A (5)

2. 29 WLSRd A (R)

3. 1.1 WLRRd C (R)
4 , 41 W1~~Rd C CR)

5. 21 WHSRd B (R)
6. 48 WKSE B (S)

7. 14 WLSE A (S)
8. 13 WLSRd A (R)

9. 37 WHSRd B (R)
10. 36 WHSE B (S)

11. 42 WHRE C (E)

12. 26 WLRE c (E)

13. 50 RrL D (L)

14. 54 RrH D (H)

15. 51 RrL D (L)

16. 55 
- 

RrR D (H)

17. 67 RhSSi E (a)

i8. 70 RhSM S (N)

19. 73 RiIOM F CM)

20. 76 RhDSi F Cs)

21. 95 RhTSi C (a)

22. 102 Rh TM C (N )

23. 61 RhSM 5 CM)

24. 60 BhSSi ~ (a)
25. 100 RhTSi C (a)

26. 89 RhTM C (N)

- - 27. 86 F (M )
28. 79 RhDSi F (a)

4_ 4’
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Table 7. Test Tape i

- _____ 
ENGINE CAVITATION DESCRIPTION NAME S/N

1. 8 He WLSE A CE) —‘+8

2. 39 C WHSE B (5) —‘+4

3. 53 N RrH D (H) —16
4. 3 N WLSE A CE) -34
5, 77 Ha R1IDM F CM) —32
‘6. 86 H RhDM F CM) -20

7, 87 N RhDS1 F Cs) —16
8. 98 N RhTM G CM) -18

9. 69 C RhSM E CM) —28

10. 72 C RhSSi. S (a) —44
1].. 56 H RrH D CH) —14

12. 34 M WHSRd B (R ) —30
13. 17 Ha WLSRd A CR) —30

14, -10 He WLRE C (E) —46

15. 44 Ha WERE C (5) —50
16. 65 He RhSM E CM) —30
17. 93 Ha RhT?~ 0 (M) -30

‘18. 11 C WLRRd C (R) —38
19. 31 He WHSRd B (R) —32

20. 63 C RhSSi E Cs) —36
21. 84 L PhDSI. F Cs) —36
22. 103 C RhTSI. C Ca) -32
23. 96 Ha RhTSI. C Cs) —38
24. 52 L RrL D (L) —24
25. 49 He RrL D CL) —10
26. 45 L WHSRd B CR) -38
‘2?. 36 He WESE B Cs) —so
28. 1 L WLSRd A CR) —34

‘These items are injected “training” items.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —- -



Table 8. Test Tape ii and S/N ratios for Test Tape iia.

TEST TAPE ii
S/N rat ios

_______ 
ENGINE NO. CAVITATION DESCRIPTION NAME S/N for iia

1. 52 Ha RrL D CL) —10 —2

2. 81 M RhDM F (N) -20 -5

• 3 32 N WHSE B (5) -38 -10

4. 9 L WLRRd C (R) —30 -8

5. 50 N RrL D (L) —14 -5
‘6. 89 L RhTM C (14) —~8 —10

7. 88 C RhDSi. F Cs) —42 -10

8. 18 He WLSRd A CR ) -40 —10

9. 28 C WERE C (5) —44 -10

10. 56 C RrH D (H) -32 -8
11. 42 Ha WERE C CE) —54 -20

‘12. 13 He WLSRd A CR) —28 —8

13. 25 C WLRRd C (R) —38 —10

14. 62 L RhSM S (M) —36 -10

‘15. 67 H RhSSi E (a) —30 —8
16. 101 He RhTM C CM) —32 —12

‘17. 54 He RrH D (H) —10 —2

18. 33 L WHSRd B CR) -36 -10

19. 59 Ha RhSSi E Cs) —22 —5
20. 75 C RhDSi F (a) —40 -12
21. 92 N RhTSi G (a) -18 —5
22. 104 L RhTSi C Ca) -36 —10

23. 82 L RhDM F CM) —40 -10

24. 57 He RhSM S (14) —34 —8
25. 40 He WHSE B CE) -52 —15

26. 30 He WLSE A (5) —50 —15
27. 22 Ha WHSRd B (R) —48 —12

• 28. 4 H WLSE A CE) —40 -12

‘Found also in training tape .

5
-

’-

_ _ _ _ _ _  -- - -- • ~~—



Table 9. Test Tape iii and S/N Ratios for Tape iiia

TEST TAPE iii
S/N Rat ios

ENGINE NO. CAVITATION DESCRIPTION 
- 

NAME S/N for iiia

1. 16 L WISE A CE) -38 —20

2. 49 Ha RrL D CL) —10 —5

3. 68 Ha RhSSi S (a). —38 —20

4. 91 L RhTSi G Cs) —30 -16

‘5. 37 L WHSRd B CR) -44 —22

6. 99 He RhTSi C Cs) —28 —15
7. 43 L WHRRd C (R) —40 —20
8. 6 He WLSRd A (R) -50 —30

9. 23 Ha WHSE B (s) —50 —30
10. 55 He PrH D (H) —10 —5
11. 66 L RhSM E (M) -38 —20
12. 83 / He RhDSi F Ca) —22 —12

13. 74 N RhDM F CM) —18 -10
14. 51 L RrL D CL) -26 —14

15. 5 N WLSRd A CR) —28 —15
16. 12 Ha - ~~pg C (5) —50 —30

17. 47 N WHSRd B CR) —22 —11

18. 94 N RhTM G CM) —16 -10

19. 90 Ha RhTM G (N ) -40 -20
20. 78 ‘C RhDM F CM ) -36 -18
21. 64 C RhSSi E Cs) —44 —22
22. 53 He RrH D (H) -10 —5
23. 7 N WLSE A CE) —34 -17

‘24. 26 C WLRE C CE) —48 —24

25. 27 C WHRRd C (R) —40 —20
26. 58 C RhSM s (N) —‘+4 —22

27. 24 C WHSE B Cs) —‘+8 —24

‘28. 79 L RhDSi F (a) —26 —13

3 - 
-

_ _ _ _  
_ _  • 

•



Table 10. Test Tape iv and S/N ratios for Test Tape iva

TEST TAPE iv
S/N Ratios

_____ 
ENGINE NO. CAVITATION DESCRIPTION NAME S/N for iva

‘1. 95 N RhTS~ G Cs) —20 -15

2. 81 He RhDM F CM) -30 -24

‘3. 51 Ha RrL D CL) -10 —8
33 He WHSRd B CR) —40 —30

5. 9 C WLR Rd C (R) -38 -30
6. 1 M WLSRd A CR) -20 -15

7. 28 He WERE C (E) -46 —35
8. 38 Ha WHERd B CR) -50 -~+0

9. 68 He RhSSi S Cs) —38 —30
10. 71 N RhSSi S (s) —26 —20
11. 87 C RhDSi F Cs) —36 —28
12. 80 C RhDSi F (a) —30 —24
13. 103 N RhTSi C (5)  —18 —14

1.4. 56 L RrH D (H) -32 —26

‘15. 14 C WISE A (5) —‘+8 —36
16. 25 Ha - WLRRd C CR) -42 —32

17. 49 C RrL D (L) —28 —22

18. 46 L WHSE B CE ) —44 -33
19. 69 L RhEM E (M) —34 —26

20. 85 L RhDM F (M) —32 —26
21. 93 C RhTN G (14) —32 —26

22. 97 He RhTM 0 (14) -28 —22
‘23. 61 He RhEM ~ CM) —38 —30
24. 54 Ha RrH D (H) —12 —9
25. 44 L WERE C (s) —46 —34

• 26. 35 H WHSE B (5) ~31+ —26
27. 19 L WISE A (5) .-38 —30
28. 15 Ha WLSRd A (R) -36 —28 

- s___ - -- - —- - _ _



Table 11. Test Tape v and S/N ratios for Test Tape va

TEST TAPE v
S/N Rati os

• - ______ 
ENGINE NO. CAVITATION - DESCRIPTION 

- 
NAME S/N for vs

1. 27 He WHRRd C CR) -26 —24

2. 22 L WHSRd B (R) —38 —35
3. 50 L RrL D CL) —22 -20

4. 98 Ha RhTM G CM) —34 —32

5. 73 L RIIDM H CM) -32 -30
6. 60 M RhSSi S Cs) —14 —12

7. 10 H WLRE C (s) —50 —46
‘8. 42 14 WHRE C (5) —38 —36
‘9. 70 C RFISM S (N) -44 —40

10. 96 L RhTSi G (a) —30 -28
11. 77 L RhDH F CM ) —26 —24
12. 23 L WHSE B (5) -~+2 —38
13. 8 M WISE A (5) —36 —33
14. 7 He WISE A CE) —46 —42

15. 2 N WLSR A (H) —28 —26
16. 52 C - RrL D CL) —24 —22

17. 62 He RhS~-I E (14) —38 —35
18. 80 M RhDSi F (a) —18 — 16
19. 90 He RhTI•1 G ( 14) -32 —30

20. 104 Ha RhTSi G (a) —36 —33
21. 55 N Rr}I D (H) -2? —20
22. 5 C WLSRd •~ (H) —40 -37
23. 34 He WHSRd B (R) —44 -40

‘24. 41 Ha WHRRd C (H) —42 —38
25. 83 Ha RhDSi F (a) —24 —22
26. 57 C RhSM s (~ ) —42 —38
27. 53 Ha RrH L (H) —10 —9
28. 35 C WHSE B CE) —44 —40

_______________________________________________ ___________



Table 12. Test Tape vi

_____ 
ENGINE NO. CAVIT tTICN DHSCRIPTION NAME s/N

1. 17 M WLSRd A (H) —26
2. 40 L WHSE B (s) —44

• 3. 58 Ha RhSM 5 (M) -40
4. 74 L RhDM F (M ) —34
5. - 78 He RhDM F (M) -26

6. 97 N RhTM C ( 14) -18
7. 91 He RhTSi G (s) -24

8. 84 C Rh DSi F Cs) —42

9. 38 C WHSRd B (R) —42

10. 6 Ha WLSRd A (H) —46
11. 50 C HrL D (L) -20
12. 43 He WHRRd C CR)

‘13. 21 He WHS Rd B CR ) —30
‘14. 102 C RhTM G (14) —38
15. 3 C WISE A (E) —44
16. 12 C WLRE C (5) —‘+6
‘17. 48 M - WHSE B (s) —36
18. 54 L RrH D (H) —28
19. 100 M RhTSi G Cs) —22
20. 63 Ha RhSSi H Cs) —24
21 9 He WLHRd C CR) -34
22. 19 Ha WISE A (E) —50
23. 44 M WERE C CE) -38
24. 52 N RrL D CL) —12
25. 56 He PrH D (H) —12
26. 59 L RhS~i 5 (a) —28
27. 65 L RhS•t 5 (14) —34

23. 88 Ha RJiDSj  F (a) —‘+0

____ 
_ _ _ _  

__ - ‘-I
-- --- - -- _ •- - --__



Table 13. Test Tape vii

_______ 
ENGINE NO. CAVIT~TI CN DSSCRIPTION NAI lS - S/N

1. 69 Ha RhSM 5 (14) -.44
2. 18 C WISRd A (H) —42

3. 41 L WHRRd C (R ) —40

‘4. 100 C RhTSI G (S) —~+0

5. 85 He Rh DN F ( 14) —28

‘6. 20 Ha WLSE A (E) —50

7. 55 Ha RrH D (H) -10

8. 4 He WISE A Cs) —50

9. 64 He RhSSI. S Cs) —40

‘10. 76 He RhDSi F Cs) —38

11. 45 M W}L~Rd B CR ) —22

12. 92 Ha RhTSi G Cs) —42

~13. 50 Ha RrL D (L) —i4

14. 25 He WLRRd C (H) —30

15. 24 L ~-1HS2 B (E) — ‘+6
16. 82 C 

• 
RhDM F (14) —42

17. 66 14 RhSl-1 E (~~~~) —20

18. 31 14 WHSRd B (R) —20

19. 10 C WLRE C (s) —46
20. 53 L RrH D (H) —28

21. 75 L RhDSi F (a) —32

22. 51 C RrL D (L) -26

?3. 94 L RhTM G (14) —32

24. id C RhT~ G (M ) —38
25. ~2 Ha .-n :sF~ B (5) —50

26. 15 14 WLSRd A CR) —20

27. 26 14 WLRS C (~ ) —i 8
28. 68 M RhSSi E Cs) —18



Table 14. Test Tape viii

_______ 
ENGINE NO. CAVITATION DESCRIPTICN NAME S/N

1. 84 M RhDSi F (a) —16
2. 46 14 WHSE B CE) —38
3. 11 N WLRRd C (H) —14
4. 27 M WHRRd C (R) —20

5. 82 He RhDm F ( 14) —36
6. 104 He RhTS1 G (a) —34
7. 49 L RrL D (L) —20
8. 5 Ha WLSRd A (H) —32
9. 28 L WERE C (E) -4-4
10. 53 C Ri-H D (H) -28
11. 66 C RhSM 5 ( 14) —44
‘12. 73 Ha RhDM F (M) —42

13. 51 He RrL D CL) —10
ik. 16 Ha WLSE A CE ) -50
15. 76 14 RhDS1 F (a) —22
16. 92 He RhTSi G Cs) —34
17. 34 C - 

WHSRd B (H) —40
18. 12 He WLR E C CE ) —48
19. 71 He RhSSi 5 (a) —24
20. 97 C RhTh G (14) —36
21. 61 Ha RhSM E (14) —36
22. 30 L WISE A Cs) —46
23. 47 C WHSRd B (R) —‘+0
24. 89 Ha Ph Tl l G (14) —34
25. 39 Ha WHSE B (E) —50
26. 7? L RhSSi E Cs) — ‘+0
‘2?. 29 L WLSRd A (H) —42

55 L RrH D (H) -40

• ---—- - --- - — —-• - -- — - • • - -- --—--- ~~



Table 15. Test Tape ix

ENGINE NO. CAVITATION DESCRIPTION NAME S/N

1. 26 He WLRE C (S) —50
2. 43 Ha WERRd C (H )  —40
3. 93 He RhTI-1 G ( 14) —32
‘4. 79 L RhDSi F (a) —26

5. 16 C WISE A CE) —42

6. 38 He 
- 

WHSRd B (R) -44

7. 56 Ha RrH D (H) —20

8. 91 C RHTSI S (a)  —4-0
9. 2 L WLSRd A (R) —36
10. 52 He Ri’L D CL) —10

11. 72 M HhSS1 5 (a) —18
12. 101 L R1-iTM G CM) —36
13. 23 14 WHS E B (s) —34
14. 31 C WHSRd P CR) —‘i2

15. 75 N RhDSi F Cs) —24

16. 62 C - RhSM S (N)  —42
17. 7 Ha WISE A (E) —50

67 L RhSSi S (s) —36

19. 99 Ha RhTSi G (a) —22

‘20. ii C WLR Rd C (R ) —3 8
21. i8 L WLS Rd A (H) —36
22. 70 Ha RhSM 5 04) —40

23. 82 14 RhDM F ( 14) -16
24. 74 C RhDI-1 F CM ) — L+0

25. 36 L s (s) —4 4
26. 44 He WHRE C (5) —50
27. ‘+9 M RrL D CL) —14

- • ~~~~~~~~ 54 He Ri-H D (14) —10

-— — 
- 

~~
—-



I.

Table 16. Test Tape x

_____ 
ENGINE NO. CAVITATION DE3C~~PTI0N NAME S/N

• 1. 78 Ha RhDM F (14) —38
2. 50 C RhTM G (M) —40

• 3. 28 Ha WERE C (E) —50

‘4. 14 Ha ~LSE A (E) —48
5. 54 N Ri-H D (H) —16

6. 68 C RhSSi ~ (a)
‘7. 76 He RhDSi F Cs) —38
8. 96 M RhTSi G Cs) —20

9. 21 14 WHSRd B (H) -18
.10. 48 N WHSE B CE) -38

ii. 86 He RhDI1 F CM) —34
12. 56 L Ri-H D (H) —32

13. 88 L RhDSi F (a) —18
14 . 102 14 RhTI-l G (14) —32

15. 1 L WLSRd A (R )  —40

16. 17 C WLSRd A (H) —36

17. 60 L • RhESi E (s) —L+0

18. 103 He RhTSj G (a) —24

19. 69 He RhSM E ( 14) —38
20. 27 He WHRRd C CR) —36
21. 58 L RhSM 5 CM) —36

22. 52 0 RrL D (L) -26

23. 30 Ha ~~SE A (5) —50

24. 42 L WERE C (5) —46

25. ~+l Ha WHRRd C (R) — ‘+2

26. 49 Ha RrL D (L) -10

27. 32 C WHE E B Cs) —50
?~~. 37 14 ;IHSRd B (R) —34

_ _ _ _ _ _  

_  

.1



Table 17. Summary o~ the Varying Characteristics of Training Tapes 1 to 5
and Test Tapes i to x including Test Tapes ia to va

N b f’ta 
Type of Cueiag Knowledge of Order of Signal—to-Noise

urn er 0 pe (before t)~e item) Results (KR) Sounds Ratio (S/N)
tatter the

__________________ _________________ 

item) 
____________

Ti-rig T 1 Name of sound None Random Difficult
(NC , — , R, D) nly , i.e., — —

____________________ 
Charlie 5, etc. 

______________ _____________ ____________________

Trng T 2 Synt hesizer ’s None Random Diff icult
(SDC , -, R, D) Description,

i.e., high
pitched , edgy ,

- 
etc. 

______________ ____________ ___________________

Ti-ag T 3 ~ynthesizer’s None Ordered Difficult
CSDC, — , 0, D) Description Each sound
as TT2 except differed
for Order from pre-

decessor by
one relevant
character-

__________________ __________________ _______________ 
istic 

___________________

T m 6  Ts 4 None - ~ynthesizer ’s Random Difficult
C— , SDKR , R, D) Description
as TT2 except
Synthesizer ~a
Description a f te r  -
each item 

__________________ _______________ _____________ ___________________

Trng Ta 5 ~ynthesizer ’s None Random Varying
(SDC, - , R, V) Description Trng T 5a - no cavi—
as TT2 except 

— tation
for S/N ratios TrngT5b to~~r5e

more and more cavi—
tion noise but
neve r as much as

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
on TTs l thru k

TaT i to TaT x None None Random. Difficult
3 or 4
items from
Ti-ag Tapes,
others
equally

___________________ __________________ ______________ diff icult 
____________________

TaTia to TaT vs None None Random Tat is — no cavi—
(a~ TaTs i to ~ 

- tat ion
except for S/N PaTs u s  to va —

ratio) more and more
cavitation noise

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  — 
like TrngTe 5

— --  • - ---  _ _ _



Table 18. A].location of Experimental Groups to Test and Training Tapes

Test ControlExperimental Teat Training Additional Training Aids
Group Session Tape’ 

— _______________________ Tapes Group

A l t o lO 1 None ito x B
n u l 2  

_ _ _ _ _ _ _  
NC, — , R, D _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _

B 1 to 10 2 Physical description of ito x A
n 11 SDC, —, H, D sounds. Decision Rules
____________ __________ ________________ 

and_Table_19 
__________ _______

C lto 5 1 A sA ito x A
_________ 

NC,_— ,_H,_D ______________________ ________ ______

n = 6  6to lO 2 A s B  i t o x B
__________ — 

SDC, -, R, D ______________________ ________ ______

D 1 to 10 1 Listener ’s descript ion
= 12 NC , — , H, D of sounds i to x A & B

___________ _________ ________________ 
See Table 20 

_________ -_______

E l t o lO A a B  i t o x  B
n = l l  

_ _ _ _ _ _ _  
SDC, —, 0, D 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _

F 1 to 5 5 As B, plus explanation B
SDC, — , H, V that S/N would go easy— i to x

__________ ________________ 
hard 

__________ ______

n = 5  6to lO 2 M B  ito x 0
___________ _________ 

SDC,_ -,_R,_D _______________________ _________ _____

B, FO lto 5 As P ia to va
- • ________ 

SDC, -, H , V ______________________ ________ _____

n= 12  6tolO 2 As P vito x B, H
__________  ________  

SDC ,_-‘_ H ,_ D 
______________________  ________  _____

H 1 to 5 5 As P ia to va G
________- 

SDC , — , H , V 
______________________  ________ _____

n = 12  lto 6 4
— , SDKR , 0, D Requested to make early vi to x G

___________ __________ ________________ 
response_bef ore_ (KR ) 

_________ ______

‘Definition Symbols in training tape column
NC — Name Cueing
SDC = Synthesizer ’s Description Cueing
SKDR = Synthesizer’s Description Knowledge of Results
H = Random Order
0 Ordered Order
D = Difficult s/N
V = Varying S/N

______________________________ ______-



Tabie 19. Copy of the classification given to Subjects in Oroups B, 5,

F, G and H in conjunction with synthesizer’s descript ion

SOUND

I 

-

F

WHINE ROAR RHYTHM

I $ 1  I I -i
SMOOTHISH ROUGH HIGH LOW SINGLE DOUBLE TRIPLE

I I 
PITCHED PITCFCZD

LOW HIGH

PITCHED PITCHED 
u —i ii

/ 1 SIMP LE MIXED S N S N

r~~~i 1 
H

ROUNDED EDGY ROUNDED EDGY ROU NDED EDGY I I I
I I I I I I 

I I
I I I I I I I

I I I 1 . 1 1 I
I I $ 

‘ 
I 

I I I
A A B B C C D  D S S P F  G O

L S S H H O  0 9 R H R  E E
B B R H A A U U I I S E  0 0
S S P P 9 9 0  a c C D D  H R
R R I I L • L L L (s)  CM) D D  G O
T P 5 5 I I A  A I I  E S
(R) (5) CR) CE) 5 E S S S S

CR ) CE ) (H ) (L) Cs ) (M ) ( s ) ( M )

- 4  _ _ _ ________________ -- - - 



Table 20. Listeners’ descriptions

Albert H Soft , deep whine; a low buzz , a drone.

Albert S Low gritty buzz; a wasp, an electric razor.

Bertie H Medium soft motor whine ; humming; a smooth buzz; high hum.

Bertie E A fast high buzz; a fly or insect noise.

Charlie R A watery buzz; the hum of a M.T.B.

Charlie S Electric crackle ; electric razor.

Douglas H A high wind.

Douglas L Waterfall; engine room.

Eric S Sonar echo; steady regular blips.

Eric 14 Owl in the distance ; windscreen wipers.

freddie S Regular blips in two’s; heartbeat timing.

Freddie N Blipping hum, bongo drums.

George S Train tones in three’s, 1, 12

George N Three bleeps; Morse.

-4

_ _ _  --~ -- - •



Table 21. % Correct over the last 5 sessions, t and p values
and % Saving in Training Time for Groups A, B, C and D

Group % Correct A B C D

A 28.6% 50% 7% 15%

B 39.2% t=5.2980 —42%’ —40%’
p (~.Ol

C 31.0% t=O.9564 t=3.005l 5%
N.S. p <.01

D 32.6% t=l.6445 t=3.l442 t=0.’+397
N.S. p ,~~ .01 N.S.

• The negative C—) sign indicates that B is better than C and D
so in summary there is a saving in time of training for B over
A (50), B over C (42;~~, and B over D (40%).

_ _- - -
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