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CHAPTER |

| NTRODUCTI ON

"Information’ is a nmeasure of one's freedom of choice
when one selects a nessage. Anount of information is
measured by the logarithmof the nunber of avail able choices
when the choices are equally probable, i.e., H=logyn, where

nis the nunber of avail abl e choi ces.

In an ensenble, if the events occur wi th unequa
probabilities, the average anount of information of the en-

senble is equal to

= - [Pl og,P; + Polog, + P3log,Ps +.... ... Pnl 0g,P]
n
or H= - Epx | 0gyPy
x=l
Wher e P1, P2, Ps. . P are probabilities of 1st,
2nd, 3rd = nth events in the ensenbl e.
The above description of 'information' is concerned

Wi th a source or ensenble of outcones (events) in which the
various possible outconmes are independent. The probability

of the occurrence of one outcone has no effect upon or is

not affected by the outconme of any other event in the ensenble,
i.e., it is concerned with a probability distribution of a

single variable and deals with only whether the independent



probabilities (summng to 1.00) were equal or unequal .

Let us consider the probability distribution defined
interns of 2 variables. The essential point of the bi-
variate case is that 2 sources of uncertainty nust be con-

sidered and these sources may be independent or non in-

dependent .
A B
| ndependent sour ces | ndependent sources
(System X) (System X' )
INEEY OBV tev@te Y f;;:“:::) Sovket v =7 EAVIVOLATIRW,
Wy CN)
1 \\UI_)
TUYyy2) . .= TRANEMICEION
)
LES Pt
ouflvy niz) SoeuR LE2 BAsRINRL Ouvltce =
mﬁN‘\h*— \4\[ L'?- ) iR
_
Total information in Total information in
System X System
H(x) =H(y, z) - H(y) +H(2) H(x" ) =Hy, z) H(y) +H(2)

Schenatic representation of the different quantities of inforna-
tionin a comunication system Part A independent sources of

I nformati on and Part B, noni ndependent or related sources of
information. As applied in a Psychological setting, one source

% be considered as the stinu
er

us input to the subject and the
t he response out put.



The figure shows the schematic representation of the
different quantities of information in a conmunication
system Part A, independent sources of information and
Part B, non-independent or related sources of information.
As applied in a psychol ogical setting, one source may be
considered as the stimulus input to the subject and the

ot her, the response output.

In Part A it is shown graphically and al gebriacally
that the anount of information H(x) associated with two
i ndependent sources is the sumof the information of the
constituent sources, source Y and source Z If Y and z are
not statistically independent as in Part B, then H(x?')
H(Y) + H(Z). This is intuitively reasonable; sone of the
information in source Y gives information about source Z and
so that segnent of information in source Z provides no new

i nformati on.

In Part B, the two non-indepdndent sources of i nforna-
tion or uncertainty may be considered in ternms of a typica
psychol ogi cal situation. Assune that the systemrepresents
a human subject in an experinental situation. W have a
series of stimuli and a series of responses; these are |inked
by the information channel, which is the subject. The two
uncertainties H(in) and that of responses H (out) are rel ated

and are conposed of the follow ng parts:



H(Y) or H(in) is the uncertainty of stinulus input

H(Z) or H(out) is the uncertainty of response output

Ho(Y) or Hoyt(in) is the information which is in the input

but is not contained in the output and is lost in the comu-
nication system This termmay be regarded as the uncertainty
associated with the stimulus when the response is known and

is called "equivocation".

Hy(2) or Hi,(out) is the information which is in the output
but was not in the input. This termmay be regarded as the
uncertainty associated wth the response when the stinulus
is known and is called 'noise' or 'anbiguity' generated in

the systemitself.

T(Y;2) or T (in;out) is the informati on comon to both input

and output and is therefore called 'transm ssion

H(Y,Z) or H (in, out) is the total amount of information in
the systemor the average uncertainty of all the possible
states within the systemand is the sumof Hy (in), T(in;

out), and H, (out).

It may be seen that nunerous relationships hold between
t he various uncertainties, by referring to the geonetry of

the figure:

1. The input uncertainty consists of two parts: the
part which is transmtted and the part which is
lost H(Y) - T(Y;2) + H2)Y



2. Stimulus equivocation is the difference between
the input uncertainty and the information transmtted.
H(Y) = H(Y) - T(Y;2).

3. The output of the systemis the sumof transm ssion

and noi se:
H(Z) =T(y;2) + H(2)

4. The total information in the systemis the sumof the

I nput uncertainty and noi se:
HY;Z) =HY) + HY(2)

5. The total information in the systemis in the output

except for the information which is | ost:
HY; 2) = H(Z) - H(Y)

6. The total information in the systemis the sum of

equi vocation, transm ssion and noi se.
H(Y; Z) = H(Y) + T(Y;2) + Hy(2)

7. The information transmtted is the sumof the input
and out put uncertainties mnus the total information

in the system
T(Y;2) =HY) +HZ - HY,?2.

These are the primary ideas of information theory. For

our purpose only one further concept renmains to be defi ned,



Transmitted information in
Bits

"Channel Capacity'. Channel Capacity is the upper Iimt

I n the anount of information which can be transmtted in a
system Channel Capacity is often synbolised by C Wth
increases in the input information in a system there are

I ncreases in the anount of information that is transmtted;
however, there is a point beyond which transm ssion no

| onger increases. As H(Y) increases, T(Y; Z) approaches

an upper limt C which is the Channel Capacity of the system
Fromthe figure it may be seen that the ability of a

communi cation systemto transmt information cannot exceed

the input or stinmulus uncertainty in a given situation.
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I nput information in Bits

A hypot hetical curve for a human subject on a discrimnation
task. The channel capacity of the subject is defined as the
maxi mum anount of information which can be transmtted under
the conditions of the experinment. Wth a channel capacity
of 2.58 bits, this subject can discrimnate perfectly anon
sigx?squal ly likely alternatives (After MIler, Amrer.Psychol.,
195



The figure shows the anpbunt of transmtted inform-
tion as a function of stinulus uncertainty in a hypothetica
discrimnation task with a human subject. Wen the input
information is | ess than the channel capacity, the subject
may discrimnate perfectly and the transmtted information
woul d equal the input information, thereby producing a
di agonal straight line. Then, as the input information
approaches the channel capacity, discrimnation will not be
perfect and the transmtted information would be | ess than
the input information, producing a departure fromthe
di agonal. Finally, when the stinulus information exceeds the
channel capacity the transm ssion values will yield an
approxi mately horizontal 1|ine which denotes the channel

capacity.

From (3) HZ = T(Y;Z) + HY(Z), it can be witten
T(Y;Z) =H(Z) - HY(Z). HY(Z) is called conditional un-
certainty and is the average uncertainty and is the average
uncertainty in the variable Z when the variable is held

constant. This is obtained by solving the equation:
HY(Z) = - E%(P(Y) 2. PY(2) log PY (2)
.
H(Z) is the uncertainty of response output.

Many studi es have been performed in the areas of

sensory psychol ogy in which contingent uncertainty T(Y;Z) or



anmount of information transmtted has been conmputed. The
nodel in this case is usually one of considering a set of
stimuli as the input to a human subject, the set of res-
ponses as the output, and the nervous system as the conmuni -
cation system The stinmuli conprise one variable and
responses the other. Thus the information transmtted nay

be consi dered a neasure of the human subjects abilitytodis-

crimnate anong stinmuli.

For a given system and a given set of circunstances
t he maxi mum anmount of information transmtted is terned as

the channel capacity of the system

Pol | ack (1952) found that on the average human subjects
could transmt a nmaximumof only 2.3 bits, given a set of
8 alternative tones ranging in frequency from 100 Hz to 8000 Hz.
This is equivalent to perfect discrimnation for five cate-
gories of frequency and seens rather small for a human subj ect
with normal hearing. Particularly when these results are
contrasted with data which show that at noderate |oudness
| evel s there are approximately 1800 just noticeable differences
in pitch for pure tones between 20 Hz to 20,000 Hz. These
findings can be explained on the basis of two different
j udgenents, viz., absolute and relative judgenents. Auditory
Channel Capacity for pitch refers to absolute judgenents of

pitch. Garner (1953) reports that the absolute judgenents



for loudness in his subjects as approximately 2.1 bits.

Need for the present study: A reviewof literature

on Auditory Channel Capacity for pitch and | oudness shows
that there are not nany studies done in this particular area
of research. As far as the investigator's know edge is
concerned, there seens to be not a single study done in our
country with regard to auditory channel capacity for pitch
and | oudness. Thus there is an urgent need for this type

of study in our country. The present study was undertaken

to certify the followng null hypot heses:

Hypot heses: 1. There is no significant difference

bet ween children and adults with regard to auditory channe

capacity for pitch.

2. There is no significant difference between children
and adults with regard to auditory channel capacity for

| oudness.

3. There is no significant difference in auditory

channel capacity for pitch and | oudness in adults.

4. There is no significant difference in auditory

channel capacity for pitch and | oudness in children.

5. There is no significant difference in auditory
channel capacity for pitch and | oudness with regard to sex

in adults.
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Brief plan of the Methodol ogy: This study consists

of 2 experinents, the auditory channel capacity for | oudness
and auditory channel capacity for pitch. |In both the ex-
perinments 14 normal hearing adults (7males and 7 fenal es)
and 5 children were tested. Al equipnment was calibrated

to 1SO (1964).

Both the experinents were conducted at 4, 6, 8 and 10
nunber of events. In the experinent for auditory channe
capacity for | oudness, different tones, varying in intensity
with a 10 dB increment fromone tone to the other, were
presented at 1000 Hz. In the second experinent for auditory
channel capacity for pitch, different frequencies at 60 dB
HL were presented. First, the subjects were famliarised
with the tones and their correspondi ng code nunbers. Then
the tones were presented in a randomorder one at a tinme so
that each tone was presented 10 tines and the subjects were
asked to indicate which nunber tone was heard at each tine.

Their responses were recorded.

Definition of the terns used:

Channel Capacity: Wth increase in the input infornma-

tion in a system there are increases in the anount of in-
formation transmtted; however, there is a point beyond which

transm ssion no | onger increases. Channel capacity is the
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upper limt in the anobunt of information which can be

transmtted in a system

Bit: \Wenever a choice is made between two alternatives
which on a priori basis are equally likely, it is specified
that the choice has transmtted one unit of information.
This unit is called the bit - a contraction of the words

"binary digit".

I nformati on Transm ssion: Contingent uncertainty is a

measure of information transm ssion. The anmount of inform-
tion is determned by the anount by which the uncertainty
is reduced. Uncertainty and information are quantitatively

equal in a given situation.

Normal hearing: For the purpose of this study, subjects

are considered as having normal hearing if they had a thresh-
old of 20 dB HL (1SO 1964) or less than 20 dB HL (I1SO 1964),
and had no conplaint of ear pain, ear discharge or ear

i nfection.



CHAPTER | |

REVI EW OF LI TERATURE

Channel Capacity

In recent years a few psychol ogi sts whose busi ness
throws them together with conmunication engineers drop
words |ike 'noise', 'redundancy' or 'channel capacity' into
surprising contexts and act |like a new slant on sone of the
ol dest problens in experinmental psychology. The reason for
this is that information theory provides a yardstick for
nmeasuring organi zation. A well organized systemis pre-
dictable - alnost what it is going to do before it happens.
When a wel | -organi zed system does sonething, you learn little
that you didn't already know - you acquire little information.
A perfectly organized systemis conpletely predictable and
its behavi our provides no information at all. The nore dis-
organi zed and unpredictable a systemis, the nore information
is got by watching it. Information, organization and pre-
dictability roomtogether in this theoretical house. The key
t hat unl ocks the door to predictability is the theory of
probability, but once this door is open we have access to
informati on and organi zation as well. Information, organiza-
tion, predictability and their synonyns are not rare concepts

in psychol ogy. Each place they occur now seens to be enriched
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by the possibility of quantification.

In a comruni cation systemthere is a great deal of
variability about what goes into the system and also a great
deal of variability about what comes out. The input and the
output can therefore be described in terns of their variance
(or their information). If it is a good conmunication system
however, there will be sonme systematic relation between what
goes in and what cones out. That is to say, the output wll
depend upon the input, or will be correlated with the input.
| f we measure this correlation, then we can say how nuch
of the output variance is attributable to the input and how
much is due to randomfluctuations or 'noise' introduced by
the systemduring transm ssion. So a neasure of transmtted
information is sinply a nmeasure of the input-output correl a-
tion. This situation can be explained graphically in the

figure:
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Schematic representation of several quantities of inform-
tion that are involved in absolute judgenents (After
MIller, 1953)
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The left circle can be taken to represent the variance of

the input, the right circle the variance of the output, and
the overl ap the covariance of input and output, i.e., the
left circle the amount of input information, the right circle
t he anount of output information and the overlap the anount

of transmtted infornation.

A neasure of information transm ssion provides a neans
of specifying perceptual or judgnental occuracy in situations
wher e absol ute judgenents about vari ous categories on a
stimulus continuum are required. This neasurenent allows the
determ nation of the nmaxi mnum nunber of the stinulus catego-
ries which could be used with perfect accuracy w thout the
necessity of sanmpling all the possible nunbers of categories.
However, this use of information transm ssion requires the
assunption that the inherent judgenmental accuracy is inde-
pendent of the nunber of stinulus categories used experinent-

ally.

In the experinents on absol ute judgenents, the observer
is considered to be a conmmunication channel. Then the |eft
circle would represent the anmount of information in the sti-
muli, the right circle the anmobunt of information in his
responses, and the overlap the stimulus response correlation
as neasured by the anmpbunt of transmtted information. The

experinmental problemis to increase the anount of input
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information and to neasure the anount of transmtted

i nformati on. | f the observer's absolute judgenents are
quite accurate, then nearly all of the input information

will be transmtted and will be recoverable fromhis res-
ponses. |If he makes errors, then the transmtted infornma-
tion may be considerably |less than the input. A characteristic
of nost communi cation channels is that there is an upper
limt to the anount of information they can transmt, i.e.,
as the anount of input information to the human is increased,
the anount of information transmtted by the human (both in
bits/stimulus) will increase at first and then | evel of at
sone asynptotic value. This asynptotic value is the maxi num
anount of information transmtted (Max. Ht) under the
specific set of experinental conditions enployed when condi -
tions are optimzed for a specific task, Max H wll attain
its highest possible value; it may then be called the

channel capacity for X, where X is the specific psychol ogi cal
function or task studied (e.g.,auditory discrimnation of

| oudness, auditory discrimnation of pitch,etc.). Wen X

is an absol ute judgenent task, the antilogarithm of the
channel capacity may be treated as an estimte of the span
of absolute judgenents of that stinulus dinmension, i.e., as
an estimate of the nunber of categories of stinulations that
can be discrimnated absolutely with an arbitrarily snal

percent age of errors.
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The obvi ous psychol ogi cal analogy to the transm ssion
situation is between the subject in an experinment and a
communi cation channel, between stimuli and inputs, and
bet ween responses and out puts. Then H(X) is the stimulus
information, H(Y) is the response information, and T
nmeasures t he degree of dependence of responses upon stimnuli
Thus as H( X) i ncreases Tapproachesanupperlimt, C. Thisisshowinthef

where T is plotted as a function of H(X).

e Thabolitsd Teond e tLion.
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It turns out that T can be considered as a nmeasure
of discrimnation and C is the basic capacity of the sub-
ject to discrimnate anong the given stinmuli. This Cis
the channel capacity which represents the greatest anount of
information that the observer can give us about the stinulus

on the basis of absolute judgenent.

The unit of neasurenent for channel capacity is 'bit'
stands for binary digit, which is a neasure of the anount
of information. A perfectly good way to neasure the anount
of information is to count the nunber of possible outcones
that the information elimnates. Every time the nunber of
alternatives is reduced to half, one unit of information is
gained. This unit is called the "bit' of information. |If
one nessage reduces Kto K/ X it contains one bit less in-
formati on than does a nessage that reduces Kto K/ 2X. There-
fore, the anpunt of information in a nessage that reduces
Kto KX is log,X bits. Two bits of information enable us
to decide anong 4 equally likely alternatives. Three bits
of information enable us to decide anong 8 equally |ikely
alternatives. Four bits of information decide anong 16
alternatives, five anong 32 and so on. The general rule
is: every tinme the nunber of alternatives is increased by

a factor of two, one bit of information is added.

There are two ways we m ght increase the anount of i nput
information. W could increase the rate at which we give
information to the observer, so that the anount of i nfornma-

tion per unit tine would increase. O we could ignore the
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tinme variable conpletely and increase the amount of i nput
information by increasing the nunber of alternative stinuli.
In the absol ute judgenent experinent the second alternative
is made use of. W give the observer as much tine as he
wants to make his response; we sinply increase the nunber

of alternative stimuli anmong which he nust discrimnate and

| ook to see where confussion begin to occur. Confusions wll

appear near the point that we call his "Channel Capacity".

The problemof information transm ssion for various
sensory continua under a wi de variety of conditions has been
studied quite extensively in psychology. Several reviews of
sel ected studies are now avail able, for exanple, Allusi
(1957), Attneave (1959a), Broadbent (1958), Corso (1967),
Garner (1962) and MIler (1956). The results of these in-
vestigations are strikingly simlar, and they reveal a
surprisingly small channel capacity for absolute judgenents

in discrimnating unidinmensional stinuli.

In an early study, Hake and Garner (1951) studies in-
formation transmission in a situation which required the
subj ect to nmake judgenents of the position of a pointer on
aline. There were four different nunbers of possible pointer
positions (5, 10,20 and 50) within a single interpolation
interval on the scale; also, under one set of instructions

the subjects restricted their responses to val ues given by
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the discrete positions on the scale and, under another set

of instructions, they were permtted to use 101 different
responses (zero to 100) regardl ess of the nunmber of stinmulus
categories. There were two main findings in this experinent.
(1) The anount of information transmtted was |east for the

5 pointer positions (approximately 2.3 bits) and renai ned
essentially constant for the 10, 20 and 50 pointer positions
(approximately 3.2 bits or about 9 points along a |ine),
regardl ess of the instructional set. This established the
validity of the concept of channel capacity forhuman subjects
in a perceptual discrimnation task. (2) The two different
response conditions (instructional sets) gave the sane result
in terms of information transm ssion, but the unlimted
response condition yielded greater errors. This indicated
that contingent uncertainty is a stable measure, easily in-
terpretable, and not affected by the magnitude of errors.
These properties make contingent uncertainty a useful neasure

in dealing wwth discrimnatory ability in perceptual tasks.

Studi es on vision using informtion neasures are sone-
what fewer than in audition, but sone experinments involving
hue, brightness and areal size have been reported. Halsey
and Chapanis (1951) presented various nunbers of categories
of single spectral hues (7 nu bandwi dth) to 2 or 4 subjects;
hol ding intensity constant at 2.8 candl es/ Sq. neter, they

found that a selected series of twelve such hues could be
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discrimnated with 96 percent accuracy. In a later study,
Chapani s and Hal sey (1956) estimated the information trans-
m ssion in hue discrimnation to be about 3.6 bits, or the
equi val ent of about twelve different categories. Minsel
hues at maxi mal saturation yielded approxinmtely the sane
value of information transmssion (3.5 bits) for a set of

twentyfive stimuli (Conover 1959).

Eri ksen & Hake (1955) al so used Munsell papers to
determ ne the accuracy of discrimnation of hue, brightness
and areal size. For the hue and brightness series 7/8 inch
squares of Munsell papers were used, while the stimuli for
the size series were cut fromdark gray paper and varied
from 1/8 inch sq. to 20/8 inch sq. There are twenty sizes
of squares, twenty hues ranging fromred through orange,
yel l ow, green blue and red-purple and seventeen brightness
val ues ranging from 1 through 9 in the Munsell system For
all the series, the test patches were nounted in the center
of a 3 inch square of white cardboard. Each of 6 subjects
made 100 judgenents to each stinmulus in the three series,
with as many response categories permtted as there were
stinmuli per series. The results indicated that the best
information transm ssion was 3.08 bits for hue (a val ue
slightly less than that obtained in later studies by other
i nvestigators who used practiced subjects); for size, the

information transm ssion was 2.84 bits; and for brightness
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2.34 bits. This indicates that the maxi num nunber of

stimuli which could be selected fromthe three dinensions

of hue, size and brightness to satisfy the criterion of
perfect discrimnability under conditions of absolute dis-
crimnation is eight,seven and five respectively. The nunber
for brightness (five) is essentially the same as that for the
pitch and | oudness di nensions. The three psychol ogi cal
characteristics of pitch, |oudness and brightness are,

uni di nensional, or at |east involve judgenents based upon
psychol ogi cal processes that are approximately simlar in

conpl exity.

In a study on the channel capacity for concentrations
of salt and sucrose (Beebe-Center, Rogers, and O Connel 1955),
there were 3, 5, 9 and 17 different concentrations of salt
solutions, ranging fromO0.3 to 34.7 gm Nacl per 100 CC tap
wat er, in equal subjective steps. The nmaxi nmal anount of
information transmtted was approximately 1.7 bits or slightly
| ess than four discrimnable concentrations. For sucrose,
a maxi mum of 1.69 bits of information transm ssion was
obtained. This indicates that in terns of absolute judgenents
the taste sense (for salt and for sucrose) is relatively

poorer in discrimnation than vision or hearing.

The ability of the human subject to transmt information

about odor intensity was studied by Engen and Pfaffann (1959).
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Four odorants were used (anyl acetate, n-heptanal, n-

hept ane and phenyl et hyl al cohol) and were preponed in a
geonetric dilution series of five steps (100, 50, 25, 12.5
and 6.5 percent) with Mallinkrodt's Benzyl Benzoate as the
diluent. After the subject was given a practice period in
whi ch he learned to identify the rank order of the inten-
sities of a given substance by sniffing the contents of

full test tubes arranged in order of dilution, each of the
five stimuli was presented singly in a random sequence and
the subject was required to identify its rank order anong

the five stimuli. Fifty judgenments were nmade for each
stimulus value by each of five subjects (except for n-heptanal,
N=4) who were inforned of the correct rank order imedi ately
after each judgenent. The results of this study indicate
that the information transm ssion for the four sets of
odorants was slightly nore than 1.5 bits, or about three
levels of intensity. Small but reliable inprovenents in
discrimnation were obtained by increasing the intensity |eve
of the stimulus series and by increasing the size of the step
between stinuli; increasing the nunber of alternative stimul
beyond five had no effect. Data on three new subjects in-
dicated that mth practice information transm ssion could

be increased to approximately 1.9 bits or about 4 |evels of

intensity.
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Some dataare also available for cutaneous sensitivity
(Celdard 1961). Although the findings in the cutaneous
nodal ity have not been obtained directly fromresearch
stemm ng frominformation theory, the investigation of the
possibilities of cutaneous comrunication has provi ded data.
The primary di nensions of mechanical vibration that may be
used for a cutaneous |anguage are |ocation of stimnulation,
intensity of stinulation, and duration of stinulation. It
has been determ ned that a good observer can discrimnate
perfectly anong seven vi brators spaced on the ventral rib
cage (2.8 bits), three intensities of stinulation between
5p and 400 mcrons of 'trip-hamrer action' of the vibrators
(about 1.6 bits) and approximately five durations of stinula-

tion between 0.1 sec and 2.0 sec (about 2.3 bits).

Audi tory channel capacity for |oudness

The finding that information transm ssion varies as
a function of the spacing used between the stinuli has been
corroborated by Garner (1953). It required the observers to
identify different intensities of a 1000 CPS tone, by assign-
ing nunbers to the different tones. The nunber of stinulus
categories used were 4, 5, 6, 7, 10 and 20. For each ex-
peri ment observer was given the practice session during which
he tried to |l earn which nunbers went with which | oudness. The

first analysis of judgenental accuracy was made by determ ning
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information transm ssion between stinulus being judged on

a particular presentation and the judgenental response nade
by the observer. Essentially perfect accuracy was main-
tained with 4 or 5 categories. The information transm ssion
in bits per stinulus presentation are slightly less than 2.00 an
2.32 bits for 4 and 5 categories respectively if no errors
had been made, the small difference represents recordi ng and
scoring errors. For |large nunber of stinulus categories,
however, judgenental accuracy becones progressively poorer
being 1.62 bits for 20 categories. The information trans-

m ssion, averaged for several subjects, was found to be

approximately 2.1 bits that is between four and five tones.

The finding that information transm ssion varies as a
function of the range of stinulation used has been definitely
corroborated by Schipper (1953), whose experinment had 2
conditions. In one condition the nunber of intensities of
a 1000 CPS tone judged by observers was varied from 2 through
4, 6, 8 and 10 tones with a fixed 5 dB interval between
stimuli. In the second condition stimuli were selected at
equal dB intervals to divide a fixed 45 dB range into 4, 6,

8 and 10 tones;this fixed range was equal to that used with
10 tones in the first condition. The amount of information
transmtted by the average observer in the first condition

was found to vary from 0.47 to 1.29 bits stinulus as the
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nunber of tones judged varied from2 to 10. In the second
condition, no significant differences in the anounts of
information transmtted by the average observer (about 1.26

bits/stimulus) were found for the different nunber of tones.

These results inply 2 things. First there is an optiona
spacing of stimuli that will maximze the nmeasured Max Ht
(maxi mum anount of information transmtted) for a given
stimulus dinension. The second inplication is that the
asynptotic value of information-handling performance obtained
with any given stinulus dinension is dependent upon the range
of stinmulation used in obtaining Max Ht. The greater the
stimulus range, the closer will Max H approach the channel
capacity for the function being studied. This nmeans, further,
t hat even when optimal stinulus spacing is used, the inherent
j udgenental accuracy of observer is independent of the
nunbers of stinulus categories used experinmentally only in

so far as a fixed range of stinulus variation is enployed.

Audi tory channel capacity for pitch

Pol | ack (1952) had observers identify frequencies by
assigning nunbers to different tones. The tones differed in
equal logarithmc steps in the range from 100 to 8000 CPS.
Know edge of results was given after each response, i.e.,
after each response observer was told which of the tones had

been presented. The average anount of information transmtted
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by the observer was found to increase linearly upto
about 2 bits/stinmulus, and then to approach an asynptote

of about 2.5 bits/stinmulus, as the nunber of alternative
tones within the stated range was increased from2 to 14
(i.e., as input information was increased from1l to 3.8bits/
stimulus). This Max H of 2.5 bits/stinulus seens to

inply that the span of absolute judgenents of frequency
differences in auditory stimuli is in the neighbourhood of

about five categories.

Pol | ack al so found, however, that information trans-
m ssion varied as a function of both the total range of
frequenci es used and the spaci ngs used between stinuli. For
ei ght tones, the nean anobunt of information transmtted with
three closely spaced series was only 1.73 bits/stinulus,
whereas it was 1.90 bits/stimulus with three wi dely spaced
series when the entire range of from 100 to 8000 CP5 was
used, the nean anmount of information transmtted with 8 tones
was 2.00 bits/stimulus, but when only part of this range was
used it dropped to 1.725 bits/stinulus. The actual val ues
for the 8 tone data ranged from 1.6 to 2.1 bits/stinmulus for

the different conditions.

Pollack (1953) in a two dinmensional test varied the
frequency and intensity of a series of tones. The frequency

was varied in five equal logarthmc steps between 125 and
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70C0 CPS; the intensity was varied in five equal |oudness
steps between | oudness levels of 20 and 90 dB. This provided
a total of 25 stinmulus tones. The information transm ssion
for the simultaneous pitch and | oudness judgenents was 3.1
bits. Wen these sane stinmuli were presented in a undi nmen-
sional situation, the information transm ssion in pitch was
1.8 bits and for loudness, 1.7 bits. Sumof the undi nensi ona
tasks presented alone is 3.5 bits, and exceeds the infornma-
tion transmssion in the 2 dinensional situation (3.1 bits).
However, when the two di nensional unique responses were

anal yzed into separate conponents of frequency and intensity
the information transm ssion per dinensions was |less: 1.6 bits
for frequency and 1.3 bits for intensity, with a total of 2.9
bits. This indicates that when two di nensi ons are used,
there is an increase in information transm ssion over one

di rensi on, but at a decrease in the anmount of information

transmtted per dinension.

In this way, researchers have determ ned the channe
capacities for absolute judgenents in several sensory nodalities.
The results of these investigators are strikingly simlar,
and they reveal a surprisingly small channel capacity for dis-

crimnating unidinmensionai stinuli
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Amount of information in absolute judgenents of

several stimulus di nensions.

Stimul us | nvesti gat or Channel Appr ox. no.
di mensi ons capacity of stimuli
in bits discrim-
nat ed

Bri ght ness Eri cksen (1952) 1.7 3

Dur ati on Mur phy (1966) 2.8 7

Hue Chapani s & Hal sey 3.6 12
(1956)

Loudness Garner (1953) 2.3 5

Qdor intensity Engen & Pfaffman 1.5 3
(1959)

Pitch Pol I ack (1953) 2.5 6

Position on a Hake & Garner (1951) 3.2 9

l'ine

Sal tiness Beebe-Center et al 1.9 4
(1955)

-Shock intensity Hawkes and Warm 1.7 3
(1960 b)

Vi bration in- Gel dard (1961) 1.6 3

tensity

The channel capacities calculated in these studies
vary from 1.5 bits for odor intensity to approxi mately
3.6 bits per signal for the Hue discrimnation. This range
is equivalent to perfect identification of about 3 to 12

different stinuli of a given class. For any specific task
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studi ed, the exact value of the maxi mum channel capacity
depends upon several experinental factors. Despite sone

di fferences, the general nature of these results has been
so consistent that MIler (1956) described themas reflect-
ing "the magical nunber seven plus or mnus two". By this
M1l er meant that because of prior experience or the de-
sign of our nervous system or both our ability to dis-
tingui sh accurately between unidinmensional stimuli on an

absol ute judgenent basis is fixed 7+2 or around 5 to 9 itens.

There are several factors which account for this
variation in channel capacity for absolute judgenents on
a single stimulus continuum These factors include the

fol | ow ng:

Facors affecting channel capacity

Duration of the tone: Doughty and Garner (1949)

determned the direction and magni tude of pitch changes

as a function of duration over a wi de range of durations,
frequencies and intensities. They used both a nethod of
constants and a nethod of average error and the mmjor

di fference between the nethods was in terns of the magnitude

of the effects. They conclude that:

1. As the duration of tones is decreased, there is

a tendency for all tones to |ose pitch.
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2. The anobunt of pitch loss is related to intensity

and frequency:

(a) Pitch loss is greater for high intensities and

is sonewhat less for lower intensities.

(b) Low frequencies show the greatest anount of pitch

| 0ss.

(c) Hgh frequencies at low intensities show actua

pitch gain at short durations.

3. These rel ationships can be explained in terns of the
ear's responding to the geonetric nmean of all the frequency

conponents involved in a short tone.

Range of stimulus variation: The anmount of information

transmtted with (or the estinmated span of absolute judge-
ments of ) any given stinulus dinension is dependent upon the
range of stinulus variation used experinmentally. 1In genera
the greater the stimulus range, the greater the anount of
information transmtted in bits/stinmulus. Range seens to be
the | argest overall determnant of information transm ssion

with a given stinulus dinension.

Spacing of stimuli: The nmaxi nrum anount of information

transmtted with a given stinmulus range and a gi ven nunber

of stimulus and response categories may be reduced by use of
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nonopti mal spaci ngs between stinulus categories.

Nunber of response categories: The nunber of response

categories seens to interact with the nunber of stinulus
categories. |In general, when the nunber of response cate-
gories is fewer than the nunber of stimulus categories, the
amount of information transmtted appears to be |ower than
when the nunber of response categories is equal to (or

greater than) the nunber of stimulus categories.

Know edge of results: The anount of information trans-

mtted when know edge of results is given to observer after

each response appears to be greater than when no know edge

of results is given.

There are intersubject differences between experinents
whi ch may be accentuated by differing amounts of practice,
subjects selected randomy froma given popul ati on may vary
in the anount of information transmtted for a given di nen-

sion by a factor of 2, approximately (A lusi 1957).
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VETHODOL OGY

This study consists of 2 experinents:

Experiment No. |: To find the auditory channel capacity

for | oudness.

Experinment No.Il: To find the auditory channel capacity

for pitch.

Experi ment No. |

Subj ects: Two groups of subjects were chosen for this
study. First group consisted of 14 normal hearing voluntary
subjects; 7 males and 7 females. The second group consisted
of 5 normal hearing children, whose age ranged from?7 to 9
years with a mean age of 8.4 years. Adults age ranged from
19 years to 25 years with a nean age of 20.8 years. Al
subjects had a threshold of 20 dB HL (1SO 1964) or |ess than

20 dB HL (1SO 1964) in their right ear.

Equi pnent: Al the experinental data were gathered
using a Madsen OB 70 clinical audioneter. A TDH 39 earphone
mounted in an MX 41/ AR cushion was utilised for testing in
this study. Only channel | of the Madsen OB 70 audi oneter

was used for the purpose of this study.

Calibration of the equi pnent: The audi oneter was cali -

brated using Bruel and Kjaer instrunments. Block diagramfor



33

calibration is given in the Appendi x.

Audi onet er earphone output data for the right ear
phone of the Madsen (B 70 audionmeter at different frequencies

are given in the Appendi x. (Table A)

Internal calibration was done to get the approxi mate
values. Linearity of the dial was checked at 1 KHz and was
found to be inorder. Frequency response characteristic of

the right ear phone was fl at.

Test environnent: Al the tests were done in a sound

treated room The noise levels in the audionmetric roomwere
wi thin the maxi mrum al | owabl e noi se | evel in dB SPL accordi ng
to proposed standard (1SO 1964) specifications (Mrtin

H rschorn 1967). Noise levels in the audionetric roons

I n octaves are given in the Appendi x (Table B).

Procedure: Al the subjects were first screened at
20 dB HL to ensure nornmal hearing. They were devoid of any
conplaint of ear illness |ike ear pain, ear discharge or

ear I nfection.

The experinent of auditory channel capacity for |oudness

consisted of 4 parts:

Part I; when n=4, i.e., when the nunber of events is 4.

Part I1: Wen n=6, i.e., when the nunber of events is 6.
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Part 111: Wen n=8, i.e., when the nunber of events is 8.
Part 1V: When n=10, i.e.,when the nunber of events is 10.

Since the whol e experinent took 60 mnutes for each
subject it was conducted in 2 sessions, with Part | and
Part Il in one session (25 mnutes) and Part |1l and Part
'V in second session (35 mnutes). Al the 4 parts were
conducted at 1000 Hz tone. Only right ear was selected for

the purpose of this study.

Instructions for screening. "You are going to hear a

tone in your right ear through the earphone. Wenever you
hear the tone,raise your finger. The nonent you hear the
tone rai se your finger and the nonent you don't hear the tone
drop your finger. Even if the sound is faint you have to

respond".

Part |: Here 4 tones of 1000 Hz were presented at 30

dB HL, 40 dB HL, 50 dB HL and 60 dB HL. These tones were

coded as 1, 2, 3 and 4 respectively.

Instructions: "You are going to hear 4 tones of sane
frequency but of different intensity. | wll nunber the
tones as 1, 2, 3 and 4. They will be in increasing order
of loudness. | will present a particular tone and | wll
show the particular nunber with it. | will give this practice

trial twce. You have to renenber the | oudness of each
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nunber. |f you want the practice trial once nore, you can
ask for it. Then | will present the 4 tones one at a tine
in a randomorder several tines. You have to indicate which
nunber tone was heard by you at each tinme. Listen carefully

and respond".

Each tone was presented 10 times i.e., a total of 40
tones were presented, the order of presentation was random
I sed using the random nunber table of J.G Peatrman's and R
Schafer. The duration of the tone was 2 secs. The order of
presentation and the duration of the tone were naintained
constant for all the subjects. The order of presentation
for 4 events is given in the Appendi x (Table D). The
responses of the subject were recorded in the foll ow ng

t abl e.

30db| 40db | 50db | 60db

Stimuhi No.
Respond No. 2
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Part I1: Here 6 tones of 1000 Hz were presented at
30 dBHL, 40 dBHL, 50 dBHL, 60 dBHL, 70 dB HL and
80 dB HL. These tones were coded as 1,2,3,4,5 and 6
respectively. Instructions were sane as in Part | except
that the subjects were told that there would be 1 to 6
tones with increasing order of | oudness. 60 tones of 2
secs duration were presented with each tone 10 tines ran-
dom sed usi ng random nunber tabl es of Peat mans and Schaf er.
The duration of tone and the order of presentation were
nmai nt ai ned constant for all the subjects. The order of
presentation for 6 events is given in the Appendi x (Table
E). The responses were recorded in a simlar table as in

part I, with 6 stimuli nunbers and 6 response nunbers.

Part 111: 8 tones of frequency 1000 Hz, rangi ng
inintensity from30dB HL to 100 dBHL with 10 dB diffe-
rence between successive tones were presented. They were
nunbered from1l to 8 in increasing order of | oudness.
Instructions were sane as in Part |, except that they were
told that there would be 8 tones instead of 4 tones. 80
tones of 2 secs were presented with each tone for 10 tines
and random sed usi ng random nunber tables of Peatnans &
Schafer. The duration of the tone and the order of presenta-
tion were nmai ntai ned constant for all subjects. The order

of presentation for 8 events is given in Appendix (Table F) .
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The responses were recorded in the sanme way as in Part |

wth 8 stimuli nunbers and 8 response nunbers.

Part IV. This is simlar tothe first 3 parts except
that 10 tones of 1000 Hz were presented ranging in in-
tensity from30 dB HL to 120 dB H. wth a difference of
10 dB HL between 2 successive tones. Instructions are sane
except for the nunber of tones. The random sed order of
presentation of 100 tones of 2 secs duration for al
subjects is given in the Appendix (Table G). The responses
were recorded ina simlar way as in the previous parts

of the experinent |.

Experinment No. ||

Subj ects: Sane nunber of subjects as in Experinent No.
| was selected. 14 nornal hearing adults, 7 males and 7
femal eswi thanagerangeof 18yrsto25yrsandw t haneanageof 21. 21yrs
heari ng chi |l dren whose age ranged from 7 years to 12 years
with a nean age of 9.8 yesrs conprised the second group of
subjects. Al subjects had a threshold of 20 dB HL (1SO
1964) or less than 20 dB H. (1SO 1964) in their right ear.

Equi pnent: The sane Madsen OB 70 audionmeter with a
TDH 39 earphone nounted in a MX 41/ AR cushion was used to
gather the experinental data. GChannel | of the audi oneter

was used.
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Calibration of the equi pnent: The Madsen CB 70

clinical audionmeter was calibrated using frequency counter
type Radart 203. Frequencies from125 Hz to 10,000 Hz were
calibrated. Internal calibration was done to get the
approxi mate val ues, and found to be within the naxi mum
allowable limts of 3%variation. Calibrated val ues at

different frequencies are given in the Appendi x (Table C) .

Frequency response characteristic of the right ear-
phone was flat. Linearity of the dial was checked and

found to be in order.
Test environnent was sane as in Experinent No. |I.

Procedure: Al the subjects were screened at 20 dB HL
(from125 Hz to 10,000 Hz) to ensure norrmal hearing in their
right ear. They had no conplaint of ear illness such as

ear infection, ear discharge or ear aches.
This experinment was al so conducted in 4 parts:

Part |: Wien the nunber of events is 4
Part I1: Wien the nunber of events is 6

Part 111: Wen the nunber of events is 8
Part I'V: Wth 10 nunber of events.

In this experinent also, only right ear of all the

subjects was tested. Al the 4 parts were tested at 60 dB H..
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This experiment was al so conducted in 2 sessions for each
subject, with Part | and Part Il in first session and Part

1l and Part IV in the second session.

I nstructions for screening is sane as in Experiment
No. I. Al the subjects were screened at 20 dB HL from
125 Hz upto 10,000 Hz.

Part I: In this experiment 4 tones of 125 Hz, 250 Hz,

500 Hz and 1000 Hz were selected. Al the 4 tones were
presented at 60 dB HL.. They were coded as 1,2,3 and 4 res-

pectively.

Instructions: "You are going to hear 4 tones of diffe-
rent frequency at the sane intensity | evel. These tones
are nunbered as 1,2,3 and 4. They will range froml ow pitch
to high pitch. | will present the particular tone and |
will showthe particular nunber withit. | will give this
practice trial twi ce. You have to remenber the pitch of
each nunber. |If you want the practice trial once nore, you
can ask for it. Then | will present the 4 tones, one at a
time, in arandomorder several tines. You have to respond
whi ch nunber tone was heard by you at each tine. Listen

carefully and respond".

A total of 40 tones were presented with each tone 10

times. Duration of the tone was 2 seconds. The order of
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presentation was random sed (sane order as in Part | of
experinment 1) and kept constant for all subjects. Res-

ponses were al so recorded as in Part | of Experinment No. I.

Part Il: This is simlar to Part Il of Experinent

No. |, except that 6 tones presented were 125 Hz, 250 Hz,
500 Hz, 1000 Hz, 2000 Hz and 3000 Hz at 60 dB HL.

Part Ill: 8tones, viz., 125 Hz, 250 Hz, 500 Hz, 1000 Hz,
2000 Hz, 3000 Hz, 4000 Hz and 6000 Hz at 60 dB HL were
presented. The procedure followed was simlar to that of

Part 11l of Experinent No. I.

Part 1V: 10 tones, viz., 125 Hz, 250 Hz, 500 Hz, 1000 Hz,
2000 Hz, 3000 Hz, 4000 Hz, 6000 Hz, 8000 Hz and 10000 Hz at
60 dB HL were presented. The procedure foll owed was simlar

to that of Part IV of experinment No. I.
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ANALYSI S OF RESULTS - (A COMPUTATI ONAL
EXAVPLE)

In calculating the auditory channel capacity for the
nost part 'contingent uncertainty' is considered as a
neasure of information transm ssion, given a joint proba-
bility distribution involving a set of stinmuli and responses.

By referring to the follow ng equations such as:

1) H(y) = T(y;z) + Hz(y)
2) H(z) =T(y;z) + H(2z)
3) T(Y;z) =H(y) +Hz)-Hy,z) etc.

it may be seen that with sone rearrangenent of terns the
amount of information transmtted, that is, T(y;z) or con-
tingent uncertainty may be conputed. Regardless of the
formul a used, the answer wll be the sane, except for round-

ing errors that may be introduced.

Starting with the equation,
H(z) =T(y;z) + Hy(z)
Rearranging the terns, we obtain,

T(y;z) =H(z) - H(2)

when T(y;z) is contingent uncertainty, and Hy(z) is called
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a conditional uncertainty and is the average uncertainty in
the variable Z when the variable Y is held constant. This

val ue can be obtained by solving the equation
H (z) = = LP(y) ¥ P (3 ,
y(2, % (y) %_ Y(z} log Py(?)

Exanpl e: In an experinental situation in which 6 tones
of different |oudness are presented to a subject one at a
tinme and are exposed for a fixed duration. Each tone is
presented 10 tinmes in randomorder so that, there is a tota
of 60 trials. The task of the subject is to identify each
tone as he hears it by assigning a nunber from1l to 6,
according to a prearranged code. For exanple, if the | oud-
ness of the tones are 30 dB, 40 dB, 50 dB, 60 dB, 70 dB and
80 dB, the tones are assigned nunbers 1,2, 3,4,5 and 6 res-
pectively. During the experinent, the experinenter records

t he responses (nunbers) given to each of the 6 tones.

I n anal ysing the data, the judgenents of the subject
are sumarized as in the table; the entries in the table
show the total nunber of tines each stimulus was identified

by a particul ar response.
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Joint occurrence of stimuli and responses for one subject
when the nunber of tones are 6:

Response Stimuli (Tones)
Nunber
30dB 40 dB 50 dB 60 dB 70 dB 80 dB
1 2 3 4 5 6 Tot al

1 10 1 11
2 9 1 10
3 10 2 12
4 8 3 11
5 6 1 7
6 9 9

Tot al 10 10 10 10 10 10 60

To calculate T(y;z), first we need to cal cul ate

H(z) and Hy(z).

To calculate H(z):

To calculate H(z), each cell frequency shoul d be con-
verted into a conditional probability by using the relation-

shi p:

Ps(R) = n (RS
wherenR Pefers to responses and S to stinuli, and Ps(R) is
the conditional probability of R given S, n(RS) is the
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nunber of outcones that belong sinmultaneously to dass S
and to dass R and n(S) is the nunber of outcones in
A ass S alone. For exanple the conditional probability of
response 2, given stimulus 2, is equal to 9/10=0.9. Condi -
tional probabilities for all the responses are given in the
following table. To find the anmount of information trans-
mssion, i.e., T(y;z), we need determ ne H(z) whi ch depends
upon the absolute probability of each response. This is
obt ai ned from

P(R = n(R)

N
where the probability of a given response (R) is given by
P(R); n(R) is the frequency of that response; and Nrefers
to the total nunber of responses. For exanple, the probability

of response 1 is equal to I1/60=0.1%

Conditional probabilities for the data in the table and
absol ute probabilities P(R)

Response 1 2 3 4 5 6 P(R -P(R log P(R
Nunber

1 1 0.1 0.18 0. 445

2 0.9 - 0.1 0.16 0. 423

3 1 0.2 0. 20 0. 464

4 0.8 0.3 0.18 0. 445

5 0.6 0.1 0.16 0.423

6 0.9 0.15 0.411

H(z) = 2.611
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The val ue of H(z) is 2.611

To cal culate Hy(2z2)

H(z) is calculated using the formla:

H(z) =- 1 E E Py(2) log P(2)
SYZ
where Sis the nunber of alternative stimuli in this

ensenbl e 6.
Substituting appropriate values in the above equati on,
we obt ai n:
Hy(z) =1/6 (1.00 log 1.00 + 0.1 1l0og 0.1 + 0.9 10g 0.9 +
+ 1.00 log 1.00 + 0.2 log 0.2 + 0.8 log 0.8 +
+0.11log01log+0.3log 0.3+ 0.6 1o0g 0.6+
+0.11log 0.1 + 0.9 log 0.9)

=1/6 (0+0.332 + 0.137 + 0+0.464 + 0. 258
+ 0.332 + 0.521 + 0.442 + 0.332 + 0.137)

=1/6(2.955) =0.4925
Substitutinginthe formula T(y;z) =H(z) - H(2z)

T(y;z) = 2.611 - 0.4925
= 2.1185 bits

In this particular exanpl e, the anmount of infornation
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transmtted by the subject through his auditory system
s 2.1185 bits.

Fol | owi ng t he same procedure gi ven above, the auditory
channel capacity for each subject at all events 4, 6, 8

and 10 are cal cul at ed.

Statistical analysis: To conpare statistically, the

di fference between various groups, the significance of

di fference between neans for snall sanple was used.



CHAPTER V

RESULTS

Auditory channel capacity calculated at 4, 6, 8 and 10
nunber of events for both | oudness and pitch are given in

theresults.

Auditory channel capacity for |oudness

Experinment No. |: The anmount of information transmtted at

different input informations for both adults and children are

gi ven.

Table | shows the amount of information transmtted in
bits at 4, 6, 8 and 10 nunber ef events, i.e., when the input
Information values are 2 bits, 2.585 bits, 3 bits and 3.322

bits for 7 nornmal hearing fenal e adul ts.

Table |I: Transmtted information for fenale adults
Subj ect s Agel nput nfornmation in bits nunber of events
4(2 bits) 6 (2.585 8 (3 bits) 10
in bits (2.322
yrs bits)
1 19 1.379 1. 946 1.873 2.198
2 20 1. 474 1. 436 1.90 1.824
3 21 1. 529 1. 838 1. 352 2. 090
4 21 1.394 1.934 2.229 2.53
5 19 1. 540 1.788 1.713 2.436
6 19 1.151 1. 96 2.21 2.173
7 21 1. 465 1. 789 2.186 2. 346
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The results of Table | are plotted in Gaph I.

Table Il gives the anmount of information transmtted
in bits for | oudness of 7 nornmal hearing nmal e adul ts when
the input information values are 2 bits, 2.585 bits, 3 bits
and 3.322 bits or when the nunber of events are 4, 6, 8 and
10.

Table I'l1: Transmtted information for nmale adults
Subj ects Age Nunber of events : Input information in
in bits
YI's. 4 (2 bits) 6(2.585 8(3 10(3.322 bits)
bits) bits)

1 21 1.127 1. 643 2.216 2. 055

2 20 1. 459 2. 108 2. 007 1.60

3 21 1. 053 1. 810 2.215 1. 956

4 25 1. 330 1.891 2. 061 2.124

5 20 1. 684 2.0 1.997 2.171

6 24 1.58 2.13 2.232 2. 359

7 20 1. 462 1.792 2.213 2.415

Gaph 2 is plotted to show the anmount of information
transmtted in bits at different input information for

each of the subjects in Table I1I.

Table |11 shows the results obtained in 5 nornal hear-
ing children. It gives the anount of transmtted infornation

in bits at different input information val ues.
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Table 11l - Transmtted information in children

Sub- Age Nunber of events: Input information in bits

jects in :
yrs 4(2 bits) 6(2.585 bits) 8(3 bits) 10(3.322 hits)

1 8 1.53 1. 966 2.132 2. 095
2 7 1. 059 1.951 2.023 2.12
3 9 1. 337 1. 762 2.112 2.212
4 9 1.132 1.711 2.172 2.094
5 9 1.121 1.678 2.012 2.09

G aph 3 shows the results of these 5 children

In Table 1V, the nean val ues of transmtted i nforma-

tion for both nale and fenale adults are given.

Table 1V: Mean val ues of transmtted i nfornation
for adults

Sub- Mean  Nunber of events/Input information

jects age
in 4(2 bits) 6(2.585 bits 8(3 bits) 10(3. 322
yrs bits)
Males 21.5 1. 3804 1. 9163 2.135 2. 097
Fe- 20 1.4188 1.813 1. 9233 2.28
mal es

Tabl e V gives the nmean val ues of transmtted inforna-

tion for adults and chil dren.
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Tabl e V: Mean values of transmtted i nformati on
for adults and chil dren

Subjects Mean Input information or nunber of events

age

r's  4(2 bits) 6(2.585 bits 8(3 bits) 10(3.322

y bits
Adul t's 20.75  1.399 1. 865 2.028 2.163
Children 8.4 1. 2358 1. 813 2. 09 2.123

Graph 4 shows the nean val ues of transmtted i nfornma-
tion at different input information values for adults (rmales
and fermal es) and for children. Transmtted information is

plotted on Y-axis and the input information on X-axis.

Statistical analysis: To find whether any difference exists

in auditory channel capacity between nales and femal es and
between adults and children; the significance of difference

nmeans for snall sanpl es was used.

When mal es and feral es were conpared for the auditory
channel capacity of |oudness a critical ratio of 1.653 was
obtained. This is below 2.18 and 3.06 at 0.05 and 0.01
| evel s seen fromthe t-table. so there is no significant
di fference between males and femal es for auditory channel

capacity for | oudness.

When the auditory channel capacity for | oudness was
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conpared between adults and children a critical ratio of

0. 423096 was obtained. This is very nuch bel ow t he val ues
2.23 and 3.17 at 0.05 and 0.01 levels obtained fromt-table.
So there is no significant difference between adults and

children for auditory channel capacity for | oudness.

Experinment No. I1: Auditory channel capacity for pitch

The anount of information transmtted in bits for
pitch at different input information values for both adults

and children are given this experinment.

Table VI gives the transmtted information in bits
for pitch for 7 normal hearing female adults when the input
information values are 2 bits, 2.585 bits, 3 bits and

3.322 bits or when the nunber of events are 4, 6, 8 and 10.

Table VI: Transmtted information for pitch in adult fenal es

Sub- Age Nunber of events or input information in bits

jects in
yrs 4(2 bits) 6(2.585 bits) 8(3 bits) 10(3.322 bits)

1 21 1. 553 1. 931 2. 253 2. 335
2 21 1. 473 2. 020 2. 250 2. 249
3 21 1. 699 1. 899 2.241 2.301
4 21 1. 597 1. 998 2.253 2. 368
5 18 1.542 2. 097 2.324 2. 289
6 20 1.643 2. 065 2. 327 2.315
7 19 1. 582 1. 985 2.002 2.332

Graph 5 shows the results of 7 adult females with the



n:._. AngaERadEEn w_m S 1] .mv. TR Frt T + 2 HATF ! %i.ﬂ Ty u T
o | it ek wanE . I + Fie: L ST S
e . e R : ¥ A H3 4 e - - EEERashews ¥aw
§ i naag peuns mEsBENE 8y AASAaRE fnanddiaus anansan " gasasssstnsdun aauhan L1 : . ¥ " SR
i pt 431 4 brrtdredon RS s ] e E . . e
- S SN 4 P P e . beppelt 2 bbb b4 - & R e - SERe R - 3 4t L]
SRRERIIIaRRiRsSiiodifnicen: H 3 H : H H : H BERAREaREIEEAN PN : +t 4
" i ¥ i e : u iwe susu Agheeeleniad bn malieuigaasnd Banaadudszinul 1
dergnsd HE SEEH : 1 T THTH aaa | i TR T R i
GaaEaisauny ¥ H § B # G aaa ] H 3 :
- ) anEe 3+ - - frt 1 1 e o HHH -+ s
44 i 4 4 } s 4t add = ERRERRES Eakin & aE
: Tieal: SpERRRaLa: tEan: HH LispRinatasisndpinisinicantiii ot : FHE Seinaadippa]aatas piias iy | i
} .- et pid et HH H : .
FEEEE IS T " TR HTH r : H
aEns 14 X : L 1 SRRttt 1aaae 413 14 ! L 3 I o .
: - i Snsamnad : o i
-
HEE e e EEERRIASERNAS : EEYELRRNIRRRRESERS RRARITLL RERas SERERERLY
i Y THT H . HHT
T Lt 4] o i apEsEuEINE BERUAE SemEH S A HE m.
Eas it 5 - T . awmmaawEdE TH
o ! : = H L T THEHT i
EanEe s . & E kb . AR R e ned hanass: ngneE
andens = : T T HTT + : H ; TR
b L g . - . - 2 it 4 IR2s fege it ._.
mas e tHH : . . T H 4 H =eaes
H Bt H H T T nesdanenE 1 = H T
HH L .m. HE b + aaadaduuy T " gapiduizsnss . E leapzazasy
I it S8\ _/gEiRatsPRtases ns shazk T ]
H T 1 H ¥ = zaEn THHT IF
- ad : R wRasvad o il e tHL BT H i :
HEHTH ] : 1 ANt " N 0 T . 3 5 i
N s T it we % HH 1 3 " it FHTT s I
. ¥ HET us 24 4 EEEE 3 3 2 N o b 4 .__u 8
4 g 3 4§ + f g . A1 15218 bt b I -
sax = n SpsaEareuns iasunnen : TR
1 3 RS 3 ¥ . y e 1
1] 16 L : §na e L Hinaianal
R N RN B B 3 EREN .
e ¥ = v T o
HEnaas aEund by i a2 Eaad i 1 : 1 H
| 44 T = it 1
E il H R H t £ IRaaisann Baad e
" AsdEsanazn NEE) RHEEAEEN AN aNN) mEAaAEaE B i " H I
i e a5 HrrEr Lm.m puu Ens 2 H :
: et H SRERIERI Simnauisy s | : 1 asal HE
sasa -
ge PRI - T 3 1 44 11
L ! H iy
1533 - b
T 1
T s -
t s 11 H 2 - i
- } . - v
: +HH e 17 +H
. THHETH 444 (a8t 84 L
-+ TR SRR . . e 3 e ﬁ» -
B T ] T ¥ T
¥ H :.. .. 1 R + is T HHH
s} | e wfrat L +H+ 0
] b HHHH ] )
EEITER . . =as bt i
H H 1 * T -1 -
#4 o YR : T H inins TrH
HEIE : HE HHH HHH H HEERTE g
R H F HHHH 1 H HEHE iEuaRAunEas T
H it L ] R e e c=an H HHE
H TH HHH HH s pka
" u 't ® = Hi i i
" HHHT HH TH § 3 TEananabe H 3
i i B Y B R T T 1
i L W i
I sas Sailas | H = + FHEHH - T T
s Rads shpinis : i sRua FHT =a i )
H RRRL R BEER: BEES REu mA ¥ HH e Hi e
E HH a1l 1 i : Sai
" o pEs 4438
I £ +
. dipupuy spnnnans i b 4 REamEEs - ng i
T i HiH [T ANSANRARES B ane 1 - AR = = pn
i 2 il HHHY HHT i T 1 T .rmvm.v.p.w
" b W ._.Im ssumE BusaEEE
= n " aun . n b
H . H = 1 o I 1
] i -+ - | +- A+
. - .
! 1 ] Asaiis 1 Bazs
I e : & 1 Ham 1  mas . b i -+ e a
§3T€ UT UOTIeWIOFUT PejjTwsue]




52

transmtted information on Y-axis and input infornmation

val ues on X-axi s.

The anmount of information transmtted in bits at
different input information values for 7 male adults are
given in Table VI I.

Table VI1: Transmtted information in bits for nmal e
adul ts

Sub-  Age Nunber of events or input information in bits

jects in :
yrs 4(2 bits) 6(2.585 bits) 8(3 bits) 10(3.322

bits)
1 24 1.571 1. 898 2. 337 2. 352
2 24 1.524 2. 113 2.522 2.678
3 21 1. 439 1.983 2.270 2. 355
4 25 1.648 2.084 2.411 2.321
5 21 1. 530 2.125 2. 448 2.531
6 18 1.691 1. 926 2.413 2.428
7 23 1. 607 1. 889 2. 313 2. 458

The graphical representation of these data given

in Table VI1 are shown in G aph 6.

Table VI11 gives the anmount of information trans-
mtted in bits for pitch in 5 normal hearing children at

different input information val ues.
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Table VI11: Transmtted information for children

Sub-  Age Nunber of events/Input infornmatior

jects in . . .

yrs 4(2 bits) 6(2.585 bits) 8(3 bits) 10(3.322
bits)

1 7 1. 250 1.773 2. 002 2.112
2 9 1.518 1. 824 2.312 2.301
3 12 1.584 1. 889 2.120 2.021
4 9 1. 289 1. 569 2.101 2.121
5 12 1. 345 1.678 1.89 1.98

G aph 7 shows the anmount of information transmtted

in bits at different input infornation values for each

of the subjects of Table VIII.

Tabl e | X gi ves the nean val ues of transmtted in-

formation for mal e and fenal e adul ts.

Table | X2 Mean val ues of transmtted information for

adul ts

Sub-  Mean  Nunber of events/input infornation
jects age in
yrs.  4(2 bits) 6(2.585 bits) 8(3 bits) 10(3.322
bits)
Mal es 22.28 1.573 2. 003 2. 3877 2. 446
Fe- 20.14 1. 581 1. 999 2. 236 2.313

mal es
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In Table X the nean val ues of transmtted infornma-

tion for adults and children are given.

Table X2 Mean val ues of transmtted infornation for
adults and children

Sub- Mean Nunber of events or input information in
jects age in bits
yrs.
4(2 bits) 6(2.585 bits) 8(3 bits) 10(3.322

bi ts)

Adults 21.21 1.577 2.001 2. 312 2. 379

Child- 9.8 1.393 1. 746 2. 085 2.107

ren

Q aph 8 shows nean val ues of transmtted infornation
for adults (nales and fenmal es) and for children. Trans-
mtted information is plotted on Y-axis and the input in-

formation is plotted on X-axis.

Qaph 9 is plotted to conpare the auditory channel
capacity for pitch and |oudness. On this are plotted the
amount of information transmtted for adults and children
for pitch and for adults and children for | oudness at

vari ous input infornations.

Statistical analysis: The critical ratio obtained is 2.18

when nmal es and fenal es were conpared for auditory channe

capacity of pitch. This when conpared with the val ues of
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2.18 and 3.06 at 0.05 and 0.01 | evels respectively shows
the difference to be significant at 0.05 | evel s and not

significant between neans at 0.01 | evel.

When conparing the auditory channel capacity for
pitch between adults and children, a critical ratio of
3.24 was obtained which is higher than 2.23 and 3.17 at
0.05 and 0.01 levels. So the difference between adults

and children is significant at both | evel s.

When Experinent No. | was conpared wth Experinment
No. Il for adults and children between auditory channel
capacity for pitch and | oudness, the followi ng results

are obt ai ned.

When children were conpared between auditory channel
capacity for pitch and | oudness a critical ratio of 0.026
was obtained which is very nuch lower than 2.31 and 3. 36
at 0.05 and 0.01 levels. So the difference in children
bet ween audi tory channel capacity for pitch and | oudness

I's not significant.

Acritical ratio as high as 4.06 is obtai ned when
adults were conpared for auditory channel capacity between
pitch and | oudness. This is very much higher than 2.06 and
2.78 at 0.05 and 0.01 levels. So the difference in audi-
tory channel capacity between pitch and | oudness for adults

I's significant.



CHAPTER VI

D SQUSSI ON

The results of the 2 experinents are di scussed
separately first and then the conpari son between the re-

sults of the 2 experinents are di scussed.

Experinment Mb. |: Auditory channel capacity for | oudness.

The mean val ues of transmtted information at diffe-
rent input information values for fermale adults are
1.4188 bits when the input information was 2 bits, 1.813
bits, 1.9233 bits and 2.28 bits at 2.585 bits, 3 bits
and 3.322 bits respectively. Gaph 1, in which these
different values are plotted shows that the anount of in-
formation transmtted i ncreases with increase in input
information. At first there is an abrupt increase in the
anmount of information transmtted but |ater the increase
is not nuch. So the auditory channel capacity for femal e
adults can be set around 1.92 bits when the input infor-
mation was 3 bits, with an ability to distinguish between
4 events. The subjects who deviate fromthe nean results
are subject No. 3 and Subject No. 5. These 2 exceptions
can be attributed to lack of notivation or concentration

on the part of these subjects during testing.

For male adults the nean val ues of transmtted

information are 1.3804, 1.9163, 2.135 and 2.097 bits when



o7

the input information values are 2 bits, 2.585 bits,

3 bits and 3.322 bits respectively. The results of

mal e adults are shown in Gaph 2. It can be seen from
the graph that the amount of information transmtted in-
creases with increase in input information until the in-
put information is 3 bits. Wen the input information is
i ncreased beyond 3 bits, there is no further increase in
the amobunt of information transmtted. So, the auditory
channel capacity for | oudness for male adults is around
2.1 bits with an ability on the part of these subjects

to distinguish 4 to 5 events. The exception to this

is subject No. 2 in whomthe transmtted information
decreased when the input information was 3.322 bits; this
could be attributed to lack of concentration on the part
of the subject during this testing. In subject No. 7,
there was increase in the amount of information transmtted
when the input information was 3.322 bits. This needs

further investigations.

The results of the present study showed that there
is no significant difference between nmales and fenal es
with regard to auditory channel capacity for

| oudness.

VWhen the data are conbined and adults are taken as
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a whol e the nean values of transmtted information

obtai ned are 1.399, 1.865, 2.028 and 2.163 bits at in-

put information values of 2 bits, 2.585 bits, 3 bits

and 3.322 bits respectively. O Gaph 4 are plotted

t hese nean val ues. The auditory channel capacity for

| oudness i n adults may be considered as around 2 bits,

wth an ability on the part of these adults to discrimnate

4 to 5 events.

Wien the data on children are taken into consi dera-
tion, the nean values of transmtted information are
1.2358, 1.813, 2.09 and 2.123 bits, at different input
i nformation values of 2 bits, 2.585 bits, 3 bits and
3.322 bits. The graphical representation of the data of
these children are given in graph 3. It shows that the
transmtted information reaches a limt of 2 to 2.1 bits
when the input information is 3 bits. So the auditory
channel capacity for |loudness in children is somewhere
around 2.1 bits. There are no deviations observed from

the nean graph.

The adults and children are conpared for their channel
capacity for |oudness graphically (Gaph 4). It can be
seen fromthe graph that not nmuch difference exists between
adults and children in their auditory channel capacity for

| oudness. Statistically no significant difference was
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obt ai ned between adults and children at both 0.05 and

0.01 levels. So the hypothesis that there is no signi-
ficant difference between children and adults with regard
to auditory channel capacity for |oudness (2nd hypot hesi s)

i s accept ed.

Experinent No. I1: Auditory channel capacity for pitch

The nmean values of transmtted infornmations at
different input information values for female adults are
1.5814 bits, 1.9992 bits, 2.2357 bits and 2.3127 bits
respectively. Gaph 5, in which these different val ues
are plotted, shows that the amount of information trans-
mtted increases with increase in input information. This
increase is seen only upto 3 bits of input informtion.
Then, when the input information is increased, the anmount
of transmtted information no | onger increases but reaches
a plateau. This is the auditory channel capacity for
pitch for female adults which is around 2.23 bits. This
nmeans an ability on the part of these subjects to dis-
crimnate 5 events. Only subject No. 7 deviates fromthe
typi cal graph, where the transmtted information reaches
a plateau at 6 events (2.585 bits), the reasons for such

devi ati ons needs to be further investigated.

For mal e adults the nean values of transmtted in-

formation are 1.5728, 2.0025, 2.387 and 2.446 bits when



60

the input information values are 2 bits, 2.585 bits,

3 bits and 3.322 bits respectively. On graph 6, are
plotted the results of male adults. It can be seen from
the graph that the amount of information transmtted in-
creases with increase in input information till the in-
put information is 3 bits. Then, a plateau is observed
whi ch shows that the transmtted information no | onger

i ncreases but remains constant. This constant value is
t he auditory channel capacity for pitch in nmale adults
which is around 2.38 bits. This inplies an ability on
the part of these subjects to distinguish sonmewhere around
5 events. No exceptions fromthe typical graph are seen

here.

When nmal es and femal es are conpared for their channe
capacity for pitch, a significant difference between nean
val ues is observed at 0.05 level but no significant diffe-
rence between nean values is seen at 0.01 |level. So the

6t h hypothesis that there is no significant difference

audi tory
between mal es and femal es with regard to”“channel capacity

for pitch is partly accepted.

VWhen the adults as a whol e are consi dered, the nean
val ues of transmtted information are 1.577 bits, 2.0008

bits, 2.3117 bits and 2.3793 bits, at different input
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i nformation values of 2 bits, 2.585 bits, 3 bits and
3.322 bits respectively. On graph 8 these results are
plotted. The auditory channel capacity for pitch in
adults is around 2.3 bits with an ability to distinguish

about 5 events.

For children, the nean val ues of transmtted in-
formation are 1.3932 bits, 1.746 bits, 2.085 bits and
2.107 bits at different input information values of 2,
2.585, 3 and 3.322 bits. FromQGaph 7, it can be seen
that a plateau is obtained when the input infornmation in
bits, with a channel capacity in these children around
2.085 bits. No subject is nmuch deviant fromthe nmean

val ues.

G aph 8 gives a clear picture conparing the channel
capacities for adults and children. A clear gap can be
seen between the 2 curves. Wen conpared statistically a
significant difference is seen at both 0.05 and 0.01
| evels. So the null hypothesis that there is no signi-
ficant difference between children and adults with regard

to auditory channel capacity for pitch is rejected.

To enabl e a conpari son of these 2 experinents, G aph

9 is plotted.

Wien the auditory channel capacity for pitch was
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conpared with the auditory channel capacity for |oud-
ness in adults, it was observed that there was signifi-
cant difference between the two nean val ues. Thus, the
null hypothesis that there is no significant difference
bet ween auditory channel capacity for pitch and auditory
channel capacity for loudness in adults is rejected at

both | evel s (hypothesis 3) .

There was no significant difference between auditory
channel capacity for pitch and auditory channel capacity
for loudness, in children. So, the 4th null hypothesis

I's accepted at both | evels of significance.

Pol | ack (1952) found that on the average, hunan
subjects could transmt a naximumof only 2.3 bits, given
a set of 8 alternative tones ranging in frequency from

100 CPS as high as 8000 CPS.

The results of the present study agrees with Pol | ack

(1952) study.

The results obtained in the present study differ from
the results reported by Garner & Hake (1953) and Pol | ack
(1953) regarding auditory channel capacity for pitch and
| oudness. The results of the present study shows | ower
val ues. Lower val ues may be due to the fact that subjects
In the present study were not given feedback, i.e., they were

not inforned about their response.
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As it is known that the know edge of results
i nproves the performance of the subjects and as the
present study did not provide know edge of results to
the subjects, it is reasonable to conclude that the
| oner values obtained in the present study m ght be due

to the absence of feedback (know edge of results).



CHAPTER VI |

The present study consisted of finding auditory
channel capacity for pitch and | oudness in 38 subjects
(19 subjects for pitch and 19 subjects for | oudness).
Anong the 19 subjects, 5 subjects were children - the

remai ni ng 14 subjects were adul ts.

Al the subjects were first screened at 20 dB HL

(1'SO 1964) to ensure normal hearing.

The auditory channel capacity for |oudness was
found at 1 KHz. Testing was done at 4, 6, 8 and 10
events, intensity varied from365 dB SPL to 126.5 dB SPL
with 10 dB difference between successive nunbers - the
I nput information values were 2 bits, 2.585 bits, 3 bits
and 3.322 bits respectively. Amount of information
transmtted at each of the input infornmation val ue was

cal cul at ed.

The auditory channel capacity for pitch was done
at 60 dB H. (I1SO standard), with frequency ranging from
125 Hz to 10 KHz. The test was admni stered at i nput
I nfformation values of 2, 2.585, 3 and 3.322 bits. Amount
of information transmtted was cal cul ated at each input

i nformati on val ue.
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Audi tory channel capacity is the anmount of trans-
mtted informati on which does not increase even with in-
crease in input information or channel capacity in the

maxi mum anount of infornmation transmtted.

The study was designed to find out whether nuales
and fermales differ significantly in auditory channel
capacity for pitch and | oudness and also to find out
whet her the auditory channel capacity for pitch and | oud-
ness woul d be sane or different. |In addition to the
above, the study was conducted to throw |light on the in-
fluence of age on auditory channel capacity for pitch

and | oudness.

The follow ng are the conclusions of the present

st udy:

1. The auditory channel capacity of adults for pitch
was found to be around 2.3 bits, and the auditory channel

capacity of children for pitch was around 2.1 bits.

There is a significant difference between adults
and children with regard to auditory channel capacity for

pitch at both 0.05 and 0.01 |evels of significance.

2. There is significant difference between mal es and

females with regard to auditory channel capacity for pitch
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at .05 | evel .

3. The auditory channel capacity of both adults and
children for | oudness was around 2.1 bits and there was

no significant difference between adults and chil dren.

4. There was no significant difference between nal es
and fenales with regard to auditory channel capacity for

| oudness.

5. There was significant difference between auditory
channel capacity for pitch and auditory channel capacity

for loudness in adults at both 0.05 and 0.01 | evel s.

6. There was no significant difference between auditory
channel capacity for pitch and auditory channel capacity

for loudness in children at both 0.05 and 0.01 | evel s.

Limtations

1. More nunber of subjects could not be tested because

of limted tinme available for dissertation study.
2. Test-retest reliability could not be done

Reconmendations for further research

1. The sane experinments nmay be repeated w th nore nunber

of subjects to corroborate the findings of the present
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st udy.

2. Audi tory channel capacity for pitch and | oudness

may be determned in old people above 50 years of age.

3. Audi tory channel capacity may be determned in mld

to noderate sensorineural hearing |oss cases.

4, Mul ti di mensional stinmuli may be used to determ ne
auditory channel capacity (e.g., speech stinuli, by

varying both pitch and | oudness).
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APPENDI X " A

(a) Description of the instrunents used for calibration

(1) Artificial ear type 4152: Artificial ear type

4152 is designed to enabl e acoustical neasurenments on

ear phones to be carried out under well-defined acousti cal
conditions (1SO). It consists basically of a replaceable
acoustical coupler and a 2 sockets for the nounting of a

condenser mc cartridge type 4132 and a cathode foll ower

anplifier type 2163, connected to the A.F. Analyzer type

2107.

A spring arrangenent is provided to fulfil certain
standard requirenents regarding the force applied to the
obj ect under nmeasurenent. To enable acoustical tests, to
be made on headphones used in audi oneters, a 6 cm cube

acoustical coupler is provided in this type.
The artificial ear satisfies the |1SO specifications.

(i1) Audio-frequency Analyzer B & K Type 2107: Type 2107

is an alternating current operated A.F. Analyzer of the

constant percentage band wi dth type.

It has been designed especially as a narrow band sound
and vi bration analyzer, but may be used for any kind of
frequency anal ysis and distortion neasurenent within the

specified frequency range.



(i1i) Inpulse Precision Sound Level Meter Type 2209:

This portable sound level neter conplies with all existing
standards for inpulse and precision sound | evel neters.

It is equipped with: an individually calibrated condenser
m crophone; an internal reference voltage for calibration;
"Lin", "A", "B", "C', and "D' wei ghting networks; inmpulse
and peak detectors with "Hold" circuits, as well as "Fast"
"Slow' and "I npul se" neter responses; overload warning

| anps; and an AC and DC out put for connection to recorders,
etc. The 2209 can handle crest factors as high as 40,

and has a selectable |owfrequency cut-off. Externa
filters can be directly attached, and a wi de range of acce-

ssories is avail abl e.

The 2209 can al so be connected to an accel eroneter for
t he nmeasurenment of vibration. An interchangeable neter
scale and a range of attenuator scales facilitate the direct
readi ng of vibration (as well as sound or vol tage) over a

wi de range.

This is used to neasure noise level in the audionetric

room
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APPENDI X "B'

TABLE A: Audionetric earphone output data for right
ear phone of Madsen OB 70

Frequency Input level Reference Expected (btained
in Hz in dB HL in dB SPL out put output in
in dB SPL dB SPL

250 60 24.5 84. 50 83. 00
500 60 11.0 71.00 71.00
1000 60 6.5 66. 50 66. 00
2000 60 8.5 68. 50 69. 00
4000 60 9.0 69. 00 67.00
6000 60 8.0 68. 00 74. 50
8000 60 9.5 69. 50 73. 00

| nst runment s used

Audi onet er - Madsen B 70
Ear phone Type : TDH 39
Cushi on Type : MX 41/ AR
Artificial ear

Type : 4152

Condenser M crophone Type: 4144
A. F. Analyzer Type . 2107



TABLE 'B

Noi se levels in dB SPL in the audi onetric room

Cct ave bands Maxi mum al | owable  Noise level in the
in Hz noi se level in roomin dB SPL
dB SPL
75- 150 31 14
150- 300 25 18
300- 600 26 10
600- 1200 30 12
1200 2400 38 10
2400- 4800 51 11
4800- 9600 51 11

ing the A B, and C weighting networks, the noise |evels
in the roomwere 32C, 22B and 18A dB SPL. The noise |eve
in the roomwas neasured using SPL neter type 2209 with
hal f an inch condenser m c Type 4165.



TABLE 'C: Calibrated fre%yency val ues for right earphone
- of Madsen (B 7

Frequencies in Hz Intensity in dB HL Calibrated fre-
guency val ue

125 60 126
250 60 251
500 60 498
1000 60 1003
20400 60 2001
3000 60 3003
4000 60 4006
6000 60 6010
8000 60 8021

10000 60 9872




TABLE 'D:

order of presentation for 4 events

1 2
2 1
3 1
3 3
3 4
2 2
1 1
4 3
Loudness: 1 -
2 -
3 -
4 -
Pi t ch: -

3
4
2
1
1
2
4
3

30 dB HL
40 dB HL
50 dB HL
60 dB HL

125

250

500
1030

Hz

Hz
Hz
Hz

4
4
3
2
1
2
4
3

1
2
4
3
2
4
4
1



TABLE 'E:

order of presentation for 6 events

1 2 7 3 3 4
8 6 7 5 4 2
2 7 1 8 4 3
3 1 2 4 5 6
2 1 3 4 6 5
3 7 2 1 4 5
3 1 2 4 5 6
3 1 2 4 7 6
8 5 6 7 1 2
3 5 6 2 1 4
Loudness Pitch

5 - 70 dB H - 2000 Hz
6 - 80 dB HL - 3000 Hz



Vi

O der of presentation for 8 events

TABLE 'F':

ness Pi tch

Loud

4000 Hz

7
8

7 - 90 dB HL
8 -100 dB HL

6000 Hz



TABLE 'G: Oder of presentation for 10 events
1 9 2 7 3 8 4 10 5 6
8 7 6 5 4 10 9 2 1 3
9 2 7 1 8 4 3 5 6 10
3 1 2 4 9 10 5 6 8 7
2 1 3 1 9 4 6 5 7 8
3 7 2 1 4 9 5 6 8 10
10 3 1 2 4 9 7 8 6 5
2 4 7 3 1 10 9 6 5 8
8 5 6 9 7 1 2 4 10 3
10 3 5 6 2 7 1 9 4 8

Loudness: Pitch:

9 - 110 dB HL 9 - 8000 Hz

10- 120 dB HL 10 - 10000 Hz



Vil

TABLE 'H: Log, n for numbers from1l to 100
n |ogzn n logzn n | ogzn n logzn
1 0.000 26 4.700 51 5.672 76 6.248
2 1.000 27 4.755 52 5.700 /7 @ 6.267
3 1.585 28 4.870 53 5.728 78 6.285
4 2.000 29 4.858 54 5. 755 79 6.304
5 2.322 30 4.907 55 5781 80 6.322
6 2.585 31 4.954 56 5.807 81 6.340
7 2.807 32 5.000 57 5.833 82 6. 358
8 3.000 33 5.044 58 5.858 83 6. 375
9 3.170 34 5.087 59 5883 84 6.392
10 3.322 35 5129 60 5.907 85 6. 490
11 3.459 36 5.170 61 5.931 86 6. 426
12 3.585 37 5.209 62 5.954 87 6.443
13 3.700 38 5.248 63 5.977 88 6.459
14 3.807 39 528 64 6.000 89 6.476
15 3.90r 40 5.322 65 6.022 90 6.492
16 4.000 41 5.358 66 6.044 91 6. 508
17 4.087 42 5.392 67 6.066 92 6.524
18 4.170 43 5.426 68 6.087 93 6.539
19 4,248 44 5459 69 6.109 94  6.555
20 4.322 45 5,492 70 6.129 95 6.570
21 4.392 46 5.523 71 6.150 96 6.585
22 4.459 47 5,555 72 6.170 97 6.600
23 4.524 48 5.585 73 6.190 98 6.615
24 4,585 49 5,615 74 6.209 99 6.629
25 4.644 50 5.644 75 6.229 loo 6.644




TABLE | : p log, (1/P)

D Pl og,(1/P P Pl og,(1/P))
.01 . 066 .51 . 495
.02 1113 .52 491
.03 152 .53 . 485
.04 186 .54 . 480
.05 . 216 .55 474
.06 . 244 .56 . 468
.07 . 269 .57 462
.08 . 292 .58 . 456
.09 313 .59 . 449
110 1332 .60 442
11 . 350 .61 .435
12 . 367 . 62 427
113 383 . 63 . 420
14 397 .64 412
.15 L 411 . 65 404
.16 . 423 . 66 . 396
.17 435 .67 387
.18 445 .68 378
.19 . 455 69 . 369
120 464 .70 360
21 473 71 .351
.22 . 481 .72 341
.23 488 .73 1331
.24 494 .74 '321
.25 . 500 .75 .311
.26 . 505 .76 .301
.27 510 77 . 290
.28 518 .78 . 280
.29 1518 .79 . 269
.30 521 .80 . 258
.31 . 524 .81 . 246
.32 . 526 .82 . 235
.33 .528 .83 1223
134 . 529 .84 1211
35 530 . 85 . 199
.36 .531 .86 . 187
.37 .531 . 87 . 175
.38 .530 .88 1162
39 . 530 .89 . 150
|40 529 190 . 137

...contd.



contd.
p p logz (1/p) P p log. (1/p)
.41 . 527 .91 . 124
.42 . 526 .92 111
.43 . 524 .93 . 097
.44 . 521 .94 . 084
.45 . 518 .95 . 070
.46 .515 . 96 . 057
.47 . 512 .97 . 043
.48 . 508 . 98 . 029
.49 . 504 .99 014

.50 . 500 1. 00 0.0




