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similar progress in the child's language acquisition.) Jim Baggaley
in his "Measurements of Absolute Pitch" refers to Stumpf's view that
A.P. is an extension of Relative Pitch. In my opinion, it is the
other way round.

Relative Pitch can be shown to develop after the optimum

period for the finest learning of Absolute Pitch has passed. For
greatest efficiency it is dependent on the degree of A.P. learning
that took place in the optimum years, as recognition of meiodic out-
line requires relative pitch learning but the fixing of the pitch of
the melody requires some learning of Absolute Pitch. Many writers
have demonstrated this difference. Meissner*showed that many children
could reproduce the melodic outline of a tune heard once, but failed
in accurate reproduction of intervalst Brehﬁer (1925), Stern (1927),
Gessell and Ilg (1946), have all shown this difference in perxception
between melodic shape and the perception of intervals requiring some
degree of Absolute Pitch leaxning.

Relative Pitch is concerned with the memory of relationships

between the Auditory stimulus and at least one other, i.e. Visual,
Spatial, Tactual, Motor and/or Kinaesthetic. It requires reversi-
bility of mental action, an ability not normally fully developed
‘until about six years of age, and the standard achieved is directly
controlled by the individual's ability to relate earlier learning.
It is acquired by conditioning of at least one other stimulus with
the Auditory Stimulus. It would appear moreover that the acuity
for individual pitched sounds must first drop a little, to enable
the child to become less preoccupied by the individual sounds before
he can begin to relate sounds one to the other, and form meaningful
wholes. (This was also found by Pflederer Zimmerman 1974.) This was

*(PfledereQ—Zimmerman, M., 1974)
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Ambiguous pitch sensations can arise if electronically synthesized

complex tones are presented out of musical context.
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SECTION 11X

THE AGE FACTOR

Pregnanc

Surgery has provide proof that the hee~ing mechanism is of
complete size by the sixth mornth of pregnancy. There is no neural
connection between mother and Zoztus to make the transmission of
learning possible says Sergeant,vand Corner (1944) supports this by
pcinting out thét not a sincle nerve fibre crosses the barrierxr

'k‘

yet as Murply zreports, the [oetal heart rate increases after Pure
Tone Stimulation through the w=zternal wall. Why must there be a
neural cornection? Is it not pessible for the sound to reach the
avditory mechanism of the foetus, which surgery has shown to be
f2lly developed by the sixth month of pregnancy? After all sound
can be conducted by fluid and hnman tissue although this is not a
particﬁlarly good conductor. There would of course be some masking
of the sounds by the mother's heart beat and gastric noises.

The California Reserarch Project has shown that the foetus

responds to sound from tne gixth month. An apparatus for

monitoring foetal responses during labour is shown, in schematic

iorm, on the following page., (‘:opied from Scientific American
Magazine. The work has iwen pioneered by Edward H.G. Hon of the

University ,of Scuthern Cilifornies.)

{#vqurphy, K.P., 1962.)
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Apparatus for Monitoring oetal Responses during Labour
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ELECTROENCEPHALOGRAPH

AMMION
PLACENTA

_ Above, shown in’ schematic iorm, is the apparatus for monitoring

[

foetal responses during iabsar. flexible stainless steel
ele~trocde is introduced iate the uterine cavity through the dilated
cervix after labour has bhagun. The elect;ods is attached to the
scalp and picks up changes in prain-wave activity. A miniature
earphone is alsc introduced through the cervix and positioned near
the foetal ear. 1In a stuly with six‘voluntenf pregnant women

o2 foetus had a consigsten. evoked response to scund delivered

+hrough the earphone.

The sound stimuli delivered to tle footus was in bursts of

10 OO Hz. It is worxth n . ing Link

L £ regponding
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onlv _one who had not been given a drug Lo gtimulste

this bas important implications for the study of pitch leain-
in¢ and langacce acquisition, since it could mean that the chiid
is born witlh three months experience of somnd. It is tharefore
possible that much that has been described as innate ability,
could be explained by this three months experience. To fIvimanc
the type of sound stimulus received by the c¢hild is concaylentiv of
importance. A study of the conduction of gound in fluid together
with the effect of human tissus is therefore necessary, in attempt-
ing to establish the. nature of sound arriving at the foetws. That
sound localisation is pessible via the human skin, see the work of
G. von Békésy (18557},

Additionally one rust establish whether the foetal middle
ear is filled with fluid or airx., If filled with air then according
to Dr. Brian Ray of the Marine unit Technology Underwater Centre,
Fort Bovisand, Devonshire, England, ‘the hearing threshold is
typically between 50 dB and 70 iB waf. 0.0002 dynes/sqy.om . ¥
The éensi;ivity corresponding app..oximately to the bone co-ducition
threshold in air, According to Znson and Donaldson however,
pneumatization of the tympanum is not nearing completion uniil
between ﬁhe eighth and ninth month of foetal life, whick utaAns, as
Dr. T. Jawvis of Groote Schuur Hospital explaing, thel both spaces
of the middle ear bhefore rneumatization are almost certainly full
of ammiotic fluid whicn would make hearing in the foctus entirecly
fluid bozre.
according to  Branit and rollien the underwater tireshold 311

is constant as 2 fum~uisn of vest frequency up to 4 000 Hz with a




meée - out 68 AR. The underwater speech reception threshold is
al .3-15 dB above the pure tone threshold averaged over frequency
rar o 125 - 4 000 Hz; about the same as that obtained in air for

the same subjects., hollien goes ~i to say that it would therefore
appear tha: the increased SPL reguired for the underwatoer threshold
is due to a corductive impairment produced by the combination of:
{a) the ~oclusion of the external auditory meatus by the
water medium:;
(L) +the mismatch of impedance between the air in the middle

ear and the water medium.

(¢) The mass loading »f the esardrum and middle ear mecharism.

The high scores (96% coxrect) obtained from diver/listeners submerged

in water .n the tests cearried out by Hollien, suggests what speech

reception and discrimination are similar in water and air.




95

An unborn child is checked for possible hearing defects. Attending the mother (from left) are: Dr
Erik Wedenberg, physician audiologist; Mr Bentil Johansson, audiologist engineer; and Dr Bjorn

Westin, obstetrician.

(Reproduced from Sunday Timez)

In the above ovhotograph scientists are trying tn uva.ge the
foetus's hearing capabilities. The motlher has a buzzer Jdevice
cupped over her abdomen below her navel, about four inches from
the ear of the foetus. The mother wears headphones and a masking
teoue 1s used to prevent her hearing the tone bursts from the buzzer.
men the mother is relaxed the buzzer emits a loud tone bursf;

The sound stariles the foetus causing its muscles to tighten and
gquickening its heartkbeat. These changes are relayed t» 2 chart-

wriccr. The results of these tests also suppcris the opu.ion that

£

the c¢hild is bozr witn three months exnruience ~f souunids.

Benarronn (1971) also states ti.ae, "Mzuory ntorage ot

acoustical cxpericace may start @t che cate intratorire grays with

the feoetus percriving the mothor s heare ™2 7, vui~2 and ca - ric




1

gounds as well as extoernal sounds f£iltoiee shrough the amnictic fluid?

ment.}) The reseorch

{stockholm Karolinska Instivate, Audiology Torar
into the use of the recorded scunds of ¢ moither's neartbeat to
paciiv new-born babies being carried out by the ILoudon Hospital,

*
Whitechapel,

would furtier support these fiudings. A consideration
of the nature of the sound experience apparvently possible from the
sixth month of foetal life way be znother expilanaticn of the various
theories of aesthetic respea 2 (Leonard Meyer), and of perceptual
report (Bruner, Postman) as reported by Carlsen (1976).

Lhe possible transfer of learning through chemical processes, as

: ] demonstrated in experiments on vats, must also be considered.

(FPjerdingsgad, 1971).

The first eight monthg of 1ife

In oxder to explore
pitshed sounds during the

rezorded baby sounds from

the babies' response to, and learning of
first eight months of life, I first

Nurseviess, Hospitalc and private homes;

these were then edited according to age in order to establish the
recponce evoked. Mothers and babies visited m¢ once a week for an
afternoon cession of playins »ith sounds, to ¢xplore those sounds
most likely to evoke a vocalising response, and to observe any other
reactions to the sounds. Thesc were carefullv recorded.

Tape recoxrded Pitched rnamsles using the slockenspiel with an
Auditory Trainer amplifying the sample'at varying intensity levels
‘were preseﬁted, via two loudspeakers, placed at three feet from the
ch1ld and on the level of'the child's ears. Thes child's response
was observed and recorded, as the frequency raage 2nd intensity luvel

vwasz varied. The responses noted were momeniary fireezing, flickessnc

(*E.M.I. released th2 recording used on &an I® entitled "Sleep
sently in the Womb" on EML-EtkA 773.)
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the auditory feedback. This explains the need for the high fre-
gquencies and the resultant distortion of sounds when these are
missing. According to Sutzman (1907), the majority of children
develop a vocal range of 1% octaves before puberty, with about 30%
possessing approximately 2 octaves. According to Hell (1938) the
infantile vocal range for singing develops thus:

Six vears

75% 25%
&l e i
| ! H §.1 i3
{’ e e e e e e I}
5 g g—J|
~ ‘ -
Ten vears
|
75% 25%
€ ; a :
Y T3 i bY; i
éz‘ ! é‘f"* ) lg
—&— e
_.6._

‘These limitations of the vocal range are supported by Jersild,

Bienstock, Hartzell, Hathwick and Sherman. Imhofer (Zurich
Medical School) has commented on the unusually narrow vocal range
found among the sub-normal, implying that intelligence affects
vocal range.

My work in a special school showed that intelligence affects
pitch learning after puberty, but not before, and vocal range
depended on vocal fold length and training Qith every indication
that training affects the vocal fold length by:

(a) stimulating growth.
(b) Gaining control in ability to vary vocal fold length.
This aspect could be affected by intelligence, since the learning

involved in gaining the control necessary to vary the vocal folds

length at will, requires ability in relating sensations.
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I then tested to see whether there was any significant difference

between the scores hefore and after pitch training both when the

material was presented visually and aural-visually.

Group A |

Before 45 47 47 48 48 49 50 53 55 58

After k6 51 52 55 56 56 59 55 57 63
Difference 1 b 5 7 8 7 9 2 2 5

To test whether there is any significant difference between the

scores before and after pitch training.

i.e. test Ho: p = O against Hi:)u::>-0

Here X = 5 and S = 2,6077

T=/n=-=1 (X =u) has a T ( n - 1 ) distribution.
S

If Ho is true then T observed =/ 9 (5 =0 )

24,6077
= 5,7522
We reject Ho if T obs. > T from tables with 9 df.

T at 5% = 1,833; at 24% = 2,262; at 1% = 2,821; at 1% = 3,250;

(9)
at 0,1% = 4,30;
Therefore we reject Ho and accept that there is a significant difference
at the 5%, 1%, 3% and even 0,1% levels.
Group B
Before 61 65 66 65 66 67 68 71 73 78
After 62 90 8 83 84+ 91 8 87 93 98

Difference 1 25 20 18 18 24 18 16 20 20

To test Ho: p = 0 and Hi:/p::>0

-X-= 18 S = 6,2450
T observed ;‘/ 9 (18 - 0) if Ho true.
6, 2450

8,6469

H]
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Since T observed ::>'T from tables we reject Ho and accept that there

is a significant difference at the 5%, 1% znd 1% level; i.e.

( highly significant ).

The daily sessions of pitch training were carried out in the following

manneri-

(a) Sound proof cubles were available for individual use whenever
required,complete with tape recorders and headphones.

(v) Tape recorded texts of all set works were provided in order that
they could be presented,slightly amplified and at the meatus,by
the use of headphones.

(¢) Dramatised recordings of set works or topics were provided
whenever possiblee.

(d) Five sets of 'B & H Language Master' equipment was proviged for
vork requiring a great deal of audio/visual repetition. ‘

In 1963 twelve of these youngsters took tke '0O' level G.C.E. examination.

The subjects covered were Geography,Znglish Laﬁguage,English Literature

(syllabus B),Mathematics (syllabus B),German,Music and General Sciénce.- |

Those candidates taking Geography,English Language,the optional Spoken

English examination,English Literature (syllabus B) and German,had all

received extensive audio/visual training in the'sound broof booths in

addition to the usual class work.In each of these of subjects the passes

obtained were between 85% and 100%. While it must be remembered that

successes recorded in percentages with small groups can appear

exaggerated, nevertheless a comparison with the 1963 '0' level G.C.E.

results,
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G.C.E. Examination {(Ordinary Level) Passes 1963 - Expresged ag a %
Unre i sed
Compre- . nrecognise
. Moderni Technical; Independent Grammar

hensive . , .

School School! School School (mixed School

(mixed 10 85~,10 112~ ability). I0 120

abiiit ) 100 | 120 Often Unqual- | plus

y ified Teachers

Geography 62,6 49,1 49,2 46,0 67,7
English Language 39,6 32,5 43,0 27,8 67,5
German 32,5 11,4 21,3 15,1 53,4
English Literature(B) 36,1 32,9 43,5 33,8 55,6
Music 6l,5 40,0 44,4 21,1 67,0

These examination results were sgufficiently dramatic to result

in a major Local Education Authority instructing their Psychologist

_to re-assess the pupils for whom they were responsible as they

appeared to contradict I.Q. assessments. The original I.Q. assess-
ments however were found not to be in error.

If the ability to relate is correlated with intelligence, the
results of a ten-year study of Pitch Learning would at first appear
rather puzzling. In the study entitled !'The Agé Factor', contained
in Section I1I, it can be seen that pitch training given to
youngsters at pre-puberty stage developed a good memory of pitch
expressed in accurate sight singing on the establishment of the

tonic, regardless of intelligence. It can be seen that those of

lower intelligence showed greater exactness of intonation albeit
they had needed more practice initially. They were however slightly
slower in the identification of the visual cue, and therefore took
Slightly longer to recognise the degree of the scale represented

by the notation, but once this was identified the intonation was

excellent. This is considered to be explained in the section
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(a) The process must communicate.

(b) The process must include the eventual identification, record-
ing and preservation of the creation.

(c) The process must involve organisation and control.

This second criterion ensures that the exercises have an
identifiable purpose and result in creation. It is most easily
effected through the means of notation, which in itself leads to
more definition, providing the notation used is supplemented by
invented cues for any effect wanted and yet not covered by
traditional notation. To use a notation of pitch accurately means
g initial conditioning of the auditory/visual cues. To explore sound |
effects and invent means of notating them involves much experi- '
menting and critical listening - as is shown by the work of John ' |
Paynter and Brian Dennis. The more critical the listening, the
more the learning that will take place, and so it follows that the
ﬁore Music Creativity measuring up to the criteria mentioned that
takes place during the optimum period for pitch learning, the
greater the pitch learning. Clearly however, theie is a need in
the early stages for the development of the notation skills and
the creative urge to take place, side by side, until the stage |
when a successful marriage can take place, in the same way that i
reading and writing technigues are acquired alongside creative |
writing activities. While it is true that care must be taken not
to so swamp the child with the work of others that the creative

urge is crushed (Peters, 1967 ) the inability to express oneself

in words or gain inspiration from the words of others through

reading hampers creative development, so also the inability to

notate musical sounds and effects or reproduce the works of others
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from this desire that all the older children formed a Military Band
(financediinitially by the earnings of the choir). At the closure

of the school the band was beginning to enjoy success with similar

results in the behaviour standards.

It was noted however, that this instrumental work failed to
achieve the degree of pitch learning that the younger children had
achieved in tgeir vocal training, in spite of the fact that just as
much time was spent on this as the younger children had spent on their
vocal training. (See Sections III and IV for the relevant data.)

It was further noted that whereas the younger ones achieved both the
ability to sing in tune and the ability to sight sing in tune without
the support of a musical instrument thus involving memory of pitch,
the older starters achieved only the ability to sing in tune when
supported by an instrument and for the first time intelligence
appeared to be a factor. The ability to learn to match their voice
with a given instrument when learning after the onset of puberty
definitely varied according to intelligence, yet in ghe case of the
youngsters this did not happen. It was also noted that the tone
quality of the boy, given the early training, was considered by the
majority of people to be richer, stronger and generally more pleasant
than the girl.

To summarise therefore, it will be geen that given the right
training at the right time both boys and girls can learn pitchf The
boys' ability to learn Absolute Pitch appears to gradually decrease
from approximately 7 years until vanishing altogether at puberty,
whereas the girls show little gradual decline until puberty, but appear
to lose their'Absolute Pitch learning ability at puberty. With girls
this appears to happen abruptly at puberty. The decline of pitch

learning would therefore appear to match the rise of testosterona.

(*See section on Age Factor.)
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Timbre Perception, like all other aspects of pitch'is learnt.
A constant change of instrument during the early years could
prevent pitch learning by giving too great a variety for each
pitched note to enable learning to take place.

Pure Tones have little attracticn for young children -
greater learning of the more complex tcnes takes place. Is this
one of the reasons responsible for the greater pitch learning shown
by the learning of certain instruments?

In the absence of clinical defect the condition described as
Tone Deafness should not exist as it is removed by training.

Amplification of the reference tone assisted 'tone deaf!
subjects over eighteen years of age to sing in tune, but had the
reverse effect on music students alxeady c%pable of singing in tune.

'"Tone Deafness' appears to be caused by insufficient
practice in varying the vocal cord length to match the reference
tone during the years when such control is gained, that is, the
pre-puberty years.

Some pitch memory is needed for singing in tune.

Scalewise passages do not of necessity involve auditory
practice, interval work does.

Amplification of the reference tone helped Tone Deaf subjects
to sing in tune but did not produce any significant results in
developing a Pitch Memory. Duration of reference tone is also
involved..

If the individual's early life does not require him to disf
criminate between basic frequencies then he may become 'tone deaf'.

Pitch Discrimination Tests at the extreme ends of vocal

range show greater errors; the process of vocalisation therefore




appears to aid pitch learning.

The first learning of pitch must have already taken pilace
before monitored vocalising can be achieved. Hearing is therefore
considerably in advance of Vocalisation.

The activity of singing in tune, is in fact the establishment
of’an Auditory/Vocal Feedback.

Vocal range appears to be dependent on use for development.
Falling Intervals appear to be learnt more quickly than Rising
Intexvals,

The slower child often shows better intonation than the quick
child but is slower to identify notation.

Audio/visually presented material improved learning especially
among those having received pitch training.

Pitch learning does not appear to be related to intelligence
in the pre-puberty years, but does appear to be so related at the
ﬁost-puberty stage.

The maximum use of other cues would need to be used to
assist in pitch work after puberty.

Whereas free experimentation with sounds without guidance can
merely lead to a realisation that we can produce a variety of
sounds, with guidance it can lead to the development of self control
and the critical listening necessary for pitch learning. Vitamins,
adequate rest, physical exercise and fresh air all appéar to aid
pitch learning, as they do all other forms of learning.

The apparent greater musicality among girls over boys reported
by many, is in my opinion artificially caused by the deprivation

of opportunity for adequate training for boys during the optimum

years.
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Discovery Methods

The greater amount of time required is the serious-stumbling
block of using these methods. With some guidance and control to
ensure the right outcome undoubtedly the process is more interesting.
It also gives scope for individuality of approach and hence the
development of creativity. A great deal of preparation is necessary
on the part of the teacher to prevent wastage of time, but it
should be remembered that 'learning by doing' has been proved time
and time again to be more thorough.

To guide the children to ensure the 'sufficiently often,

: sufficiently loudly' maxim necessary for pitch learning is extremely
difficult. I personally found that discovery methods were very
useful for developing critical listening and attracting attention to
sounds, and were therefore best used‘in conjunction with the
authoritarian drilling of pitch learning; discovery methods on their
own did not satisfy the ‘'gufficiently often' maxim. The most effect-
ive activities for developing critical listening I found was the -
making of instruments and then tuning them, Music/Drama workshops
where plays were written or presented with suitable sound effects
worked out, and a variety of creative music projécts which involved
the collecting, exploring and experimenting with sounds.

The Use of Educational Technolcay

The National Foundation of Educational Technology defines Edu-
cational Technology as the use of technical devices to support processes
of training and learning by the construction of systematic
learning materials in accordance with an analytical approach to
training and.learning’. The process must include evaluation of

results and involve planning and organisation. In the field of

pitch learning its chief value would be the possibility of using

s
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