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INTK GIUCTIONR

For many years varying degress of lmportance have
been attached to Lhe incidense of left-hendedneszs In oxses
of stuttering. Laterality tesiing has become routins pre-
ssdure, not only with sose psychologlsts, bul aleso with most
spesgh pethologiste, A48 the reletionship between bindedness
and speech dissbilities has never hsen adecuately desnn-
strated, thig practioce haes falles iato negleot.

However, a new slectironlec device for speech Sharapy
hss baen devaleped in Prence recently snd it i{s streased by
the msnufsstursrs that therspy for the riziht.handed indivi.
dual should bs glven through the right esr and Tor the left-
handed individusl through the left ear. As no adequate
axplanation wes provided, it wes decldsd to perform & study
to detereine the ralative lamporirsce of this staterent.

A3 eopnventional cerebral dosmipence thesry is the only thaory
to justify such & stulement, the study was approsched ITom
this point of view,

It was further decided to sveid using spesoh dis-
ebility cases beosuse of 4ifferent etiologicel feotors
invelved., Tharefore, normal subjeets were taken and s tem-
porery inbtsrference, in the form of binsure) end monaural
delayed auditory feedback, was introduced inmto ths voeal

catput. The amouni of spssoh dleturbance eaused by the



INTRODUCTION ix

dirrerent ears ihen served Lo evaluaie the lmportance of the
statement mentioned.

The f irat ohapter of the report presents the review
of the literature. It ia divided into four sections where
cerebral dominance snd lengusge function are discussed,
followed by & section opn ihe importanes of guditory moni-
toring in apeech cutpub, and suother soetion on the sttempis
to demonsirate the existence of auditory dominmoe. A last
section prevides ratiomsle sad hypotheses for the
investigation.

The second chapter deals meinly with the design of
the study where the semple, the instramentation fer the
siperiment, the tesiing procedure, the mnalysis of spesch
semples and the statisiienl design ere discussed,

Chapter I1]1 presents the results of the experisent
and chspter IV atiemphs an adequate Interpretstion of the
resulis,

In the last seotion, & susmary and consluosion is
given and the possible implications, for future research,

are sugzgested,



CHAPYER I
REVIEW OF THE LITERATURE

The faot that an individuel ususlly shows a func«
tional preference for one hand over the other has long been
s sourcs of intersst in the litersture. Sismiler functional
preferences have been shown 3o exist for at least eyes znd
feet., These observations haove bsen related in various weys
to s cerebral dominznes of the hemisphere contraleteral to
the preferred orgsn. In turz, cerebral domirance has been
aceounted for in various weys, varying between exiremss like
Eiaa'sl viewpolnt that hapndedness is determined eulturally,
and Bauer snd Wepmen's® opinlon that left hemisphere domisance
is ipnste and thet any devistion from this, in the cocurrence
of left-hendedness or smbidexterity, ls e sign of inadeguste
developaent of deminsnge apd not of fonate right cerebral
dominanoce. In a comprebensive suyvey of the literature
regarding latersl preference in sy, anhmws haa pointed out

1 A. Blau, "The Haster Haend”, Resesreh Mopgeraphs
Ho. §, Bew York, 1946, 206 p., qnm&w& DY ﬁarmvﬁ é&@&giaa& mﬁﬁ
F.A. Qnadraaal, "Languege Laterality in lLeft-handed Apbasies®™,
Brain, Vol. 77, 19854, p. 526.

2 Robert ¥, Bausr and Jmaﬁph ¥ aapmns, “Laﬁaralima~
of Bp 34

tion of Cerebral Functions™, Jow
Diserders, Vol. 20, 1953, p. 172.

3 Lewrence T. Dayhaw, "ﬁa la preference luterale chez
1'homme®, excerpt frem Kevuse 4de 1'Universite 4'0Ottswa,
April-June 19851, &3 p,

u‘_..‘... Y




REVIEW OF THE LITERATURE 2

various investigstlions regardinzg hesnd-, foot«, aye-, snd esr-
preferences and the aeny conflieting viewpelnts im sccounting
for these findings. At present itheve is s4il)l mush eonfusion
in the literature.

1, Gerebral Dominunce and Lunguage Fonotion.

The plotgre beeomss even more confusing when we furn
to this sspeot of laterality. OGoodglass snd Quadfasel, in
discussing the relation betwesn laterality and developmental
disorders of speech and reading, saldy

The observetlion has besp made repeatedly by

Orton (1937), Tecrborn (1940), Harris (1947), snd

many others that stemperers and poor resders ghow a

greater-than-sversge ineldence of lefi-handadness,

asbidexterity, and mixed hand end wyé vroefersnces.

Thie ra;&ﬁimnahig aust now be accepted as & fact

to be explained.
However, uhey edded that elthousgh si lneressed Incidenos of
asixed or left.sided preferente iz u repsstedly verified
finding for stuttersrs without sny known brein dsmsge snd
with an above aversge verbal inselligence, this interference
seen2 to be more on the level of spesking then on the leval
of lappuage ze a symbolie funetion. Also, it mppesrs to be
8 generslly acoeplted indlng that mixed or left-sided hend.

aye preference i& not o cuussl fascter towards s darisiency

4 Herold Goodgless and F.4. Quadfessl, "Lansuage
Laﬁgggi&t% in Left-hupded Aphesiocs™, Hrein, Vol. 77, 1%%&,
p‘ - -
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in lsoguage acquisition, but sueh rather a sysptom. Since

the present study is nod concersmed with sny pertioular lateral
preferences as related o speech or reading preblesms, no
attempt is being mede to survey the literature more thoroughly
on this polnt.

Howaver, the aspect of cerebral dominance and lan-
zage function that has considershble lamportance for ithe pre-
sent investigation is attempis to lecalize the spoech asntre
in the braln snd investigstiione concerning relationships
betwaen Lhe occurresve of left or right hemiplegla and
aphapia.

Peufield end Roberts,” in reviewing the lltsrature
on handedness wnd cerebrsl dominance. mote that handednens
wes pot zmentlioned inm the literstare prior to 1885, They say
thet Marc Dax found lesions of the left hesmisphere in forty
eages in whioh there hed been s speech disturbance Juring
life. When Brooa published his first csse in 1861, this
feot was 8till unknown in Paris. In 1863, Broos sentioned
that nineteen out of twenty cases with aphemia hsd left
hemisphere lssions, However, be was caglious and 414 not
nake aby generalizations beyond this sistement, Later, when
Dax's leolure was sgain presented in 1863, it led Boulllaud

5 ¥ilder Penfield snd Lemsr Roberts, Speeoh a%ﬁ
Brein Heehppisme, Princeton, Hew Jersey, Princeton Un verelty
*rezs 19&9, p. B9-00,
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to explain the ecourrense of uphesia with lesione of the
left cerebral hemisphere, on the preounds that most people
gre right-handed. When Breoa later reported tvhe cage of &
woman thet hed had right hemiparesis since infency with no
gpeech dlisturbance, it was srsumsd that spesch hed besn sub-
served by the right hemisphere, At sutopsy & lerge lasion
was found in the distribution of the left middle cersbral
artery. This womsn was lefi~bended and on these grounds it
was concluded that the right hemisphsre is dominant for
speech ia left-handed individusls. Penfield apd Robarda
atate:

Thus was orested the dogme that the right
Toft-nanded in the sems way thet the Lert oerebral
hemisphere ls suppossd to be Tor the right~haaﬁﬁﬁ.5

However, in the light of more recent findinge snd by

chserving all the oases thet were meniioned in che literaturs,
Broca's statement san no loager be acospbed, A summary is
given of casses mentioned in the literature that ssem to con-
tradiet the belief of rizht hemlsphere dominence for spuech
fn the left-handed. Goodgless and Quadfasel’ ecollected 110

capes from the litersture and added shirtcen npew ooses of

left-hapders with unilateral lesions of the leanvusge arcs
and found that langusge wes dlsturbed in rifty-thress per

6 Penfield and Roberts, Op. Bit., p. 69.
7 Goodglass and Lusdfasel, Op, Cit., p. 548,
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cent of &ll left-henders with lesions of the left hemi-
spheare,

They also collsoted don dsses from the literaiurs
and added two new oceses of left-handere with extensive right
hemisphare dasmage of the speseh areas withoutl any sphasic
ipvolvenent. It seene safe to Judpe thut thene left-hended
cases hed speeoch represepted also on Lhe ipsileteral heml-
schere, i.e. the left hemisphare. Although Penfisld mnd
Roberte® ohject to some of the mpo-culled nezative casen in
the literature on grounds that some of their cesee have
leter developed dysphasis, this does not signifiosntly change
the pleture., is a matier of feet, they agree with the fin-
dinge of Goodglass snd Gusdfesel after similar investligation
end addition of their own odusew, Theay state:

MAing our cases Yo Lhose in the litersturs,
there are l44 left-handers w»ith dysphasls - 55%
involving ths left hemisphers and 48% involving
the right. And there ars cne snd ons-bhalf times
a8 peny nogautive ceses (left-handers without
dysphasia) invglving the right healsphers {353) as
the left (21).9

Looking &t these fipdinge objsoilvely the statement of

Ettlinger st,sl. 12 ucceptable:

8 Penfield snd Roberte, Op, (it., p. 95.
9 Ibid., p. 97.
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Ho longer cun 1t be avcepted that rizht cere-

bral dominance is the rule in left-handed individueale

or that sphusia rTesulting from s left-sided lesion in

a lert-hunded §§t$enﬁ is in an{ way sxcepitional

{eos) Indead ™left-brainedness®™ mlght weil appear

to be the more prevalent fora of_ serebral orzaniza-

tion in left-handed individuals.iO

However, looking st the 1libtersture, the invidence of

loeft hemiplesia with an aphasisa, sspecislly in left.handars,
is striking sad esisilarly vules oul the posslibllity of s
gomplate left-sided leocnlization of sprech Tunoiions.
Goodglcss and Qua&f&selll pantion fifty ocases sltogether of
left-nenders with sphasle pnd right eerebral lssions, and
eizht negative ocsses of laft-hapders withoul aphesis and lefy
esrebral lazions. The conclusion is that in scow cases there
undoubtedly iz mome, or full reprssentaiion of spesch in the
right hemisphere. Penfield apd Roverts'® repert thet 136
cases have bsen mentionod in the litersiure with aphasis snd
lesions on the right hemisphere, of wheom fifty-three were
right-handed, Torty-twe left-handed, twenty-thrse predomi-
nantly left-banded snd sightesn uninown. ¥Ettlinger et, al.,

in discussing cerebral domivence in left-honders, nota:

19 Seorsze Ettilnger, C€.V. Jackson, snd O.L.
Zangwill , ™Carsbrel Dominsnee in Sinistrels®, Brain, Vol. 78,
1656, p. 568,

11 Geodglass and Guadfasel, Qp. CGit, , p. 540-543,

12 Penfisld end Roberis, Qp, Cit., p. 90.
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Taksr togelher, thepe findinge provide sirong
svidence for the exlstence of right bhenlaphare lan-
gougs laterality - in some ainlstrals et lesst., Ve
may , however, agree with Goedgless end {uadfasel
(N%)mMrmmnwmmmamm%waMwwymm
less common then left-handedness,

Goodglans and Guadfasel ipterpret thsse fiplinss o smean
thet the posslibility should be considered of cerebral smbl -
laterality for spssch, especlally amongst lsft-henders. They
pereelve of it more in terms of & statistios] distribution
whare right-breinedness and left-brainedpess ere two oxiremes
on a sert of bimodal au?va:»
¥rom the svidence presented 1% appears that the

distribution surve of lanpusse lateraelity diffsres

froa that of handednesns by being zore one-sided,

animodal , and taperimg off, with more pocple showlug

ambileterality Tor speeeh than there ere having s

plear-cut right-sided dominznce (...) see fig. 1

{...). This independence of distridbutiom from that

of hapdedness means thal leterality for lenguags is

not ldentleal with lazerslity for ha@d&dﬁ@ixa

Handedness does not deternine brainedpess,”
It has bsen sesn hat sn sxihsustive review of pertinent 1i-
terature over the psst hundred years ssphasizad three sain
points:

a) that left hemisphers langusge lateraliiy seesms to

ke the most common oocurrencs by far, sven for

latt-hapders;

1% Estlinger gb, el., Sp. Git., p. BYO.
14 Goodgines snd Guadfaesel, Up. &it., ». 332,
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APHASIA WITH 1 SOME APHASIA WITH

'LANGUAGE E

LEFT  LESION INVOLVEMENT: RIGHT LESION
. WITH

ONLY LEFT- OR ONLY
RIGHT-SIDED |
. LESION
| >RIGHT-HANDERS
AMBIDEXTERS

LEFT-HANDERS

PR U U A U S

EXTREME LEFT- ICER AMBI- | EXTREME RIGHT-
BRAINEDNESS  ILATERALITY | BRAINEDNESS

Figure 1. Hypothetical distribution of cerebral
laterality among right-handers, ambidexters, and left-handers
as inferred from the frequency of aphasia after unilateral
lesions.

a Goodglass and Quadfasel, Op. Cit., p. 532,
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b) shat right heaisphere lacsguage laterslity sesazs
to be an extressly pare coourrsnce, and if it
does oceur, the odds are sabout twelve to one that
ths individual is 1 left-hander end only one to
fourtesn that be is & right-hender;
¢} that the posaibility of bilateral speech repressn-
tatlon, especlally in left-banders, cennot be
Tulad out.
Penfield mnd Reborts vherefore sonclude:
In slaost one huondred yesys, only about 140 cases
have bsen vreporied with aphesle wnd lnvolvemant of
only the right hemisphere, 1t seems clemr that the
left hemisphere is usually dominant for spesoh, re-
gerdliess of handedness. The reason why the rizht
hemisphere s sosetises d0slinant for speeth remsins
anglesy, ot 1t is not relsted solely te hanﬁeﬁﬁmsa.15
One of the siriking tbhings in most ¢f these Teports
is the fallurs to siste precisely whaet tesis of leterality
have been used 1In detersininz the hundedness of the patient.
It sppears that in most cases the preferred hsnd for most
sotivities is veed as sn indloator of leterality in zenersl.
Left-handers who do not welte with theliy left hepnds, but who
40 208t other thipgs left-handedly, sre usuaslly olazsifiasd
as predominently left-hsnded snd sre thersfors incliuded in
most ilavestigations., Also, in very few investigations

mentioned has there been any attempt Lo test for eyedness

15 Penfield md Roberts, Op. Cit., p. 10E.
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and footedness, Ritlinger gggwgg}ﬁ meptioned he lateral
preferenses for faoot and sye of thelir len left-~handars under
dlscussion. Omly twe of them showsd consistent left-
preferonce (czses 5 and ¢) and npeither of them used his lert
hand for writing sud drewing. However, of the Lwo casss
with inferred right healsphere dominenve for spesch, case ¥
was one of them., It has been peianted ocut repeatedly that the
more tests of imtersallity used, the Tewer become the number of
parely right- or left-sided. It could therefors very well

be that meat so-culied left-handed cumes were actually cases
with mixed dominance, snd the same sould apply to &t lassi
some of the right~hendsd cases, This undoubtedly will o
fuse the present pleture,.

Furthermore, without z single sioeption, these obsasr-
vations hevs been smade on bhospltalized patisnts under trest-
ment or surgery for lesalons in the language arsa. In most
of the cnzes the exsct onset of the lesion is not known, so
that at the time of investigetion lasgusge functions could
very well have been transferred, or partlally transferred,
to the opposlite hesisphere. Yven the prssence of a leaion
in the lsaguuze area is snough Lo oopfuse the pleture., The
method of eleetriocsl intsrference and -stimulation of the

speech sress, z3 developed by Penfield end described by

18 Etitlinger, st.sl., gp, €1%t., p. 588,
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Penfleld and ﬁaberta,lq yislded similar results as those
already reached; namely, thet the lsft hemisphers iz doml-
pant for speech, regardless of handednesss, This method,
however, wes also employed zhen the patlsnt was under surgery,
usually for rexoval ¢f sn spilepiold lesion. The lengusge
arem, as such, was noi affectsd in 2ll the osses invesid.
gated, but there ig no dats evellable as to eye- and footl
preferences of the patlenis,

Theze findings therefore should be interpreted as re-
lating to handedness in the strict sense of the word, and mot
to sidedness wherse there ig a move uniform preferencte for
hanpde, feet and ayes. And it should also be kept in aind
that existing band preference snd the presence of aphasia
sould be influenced by the lesion io suohk an extent ihat
generalizations of fiodings to ihe pormal non-hospitalized
pepulation would be unjustified. Finslly, in atlempis to
loesnlize the speesh ures, hundedness snd the osourrence of
aphasie bave been used as maln eriteria., No raferencs wes
acde to & pousidble convrinution of auditory dominsnce. Bince
audition is so elosely linked with the speeoh process in
terms of & cydberneticsl servoesystem, it appeurs te jusiirty
further investigution inte this =zrea.

The preceding discussicn bes besu maiply conocernsd

with studies that atiempled to correlate cerebral lapgusge

17 Penflield znd Hoberts, Op. Cit.,, p. 103-118,
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latarality with haodedness., The followinz seetion will tey
to emphaelize the importasce of sudition es a menitor for
moment-to-moment~spasch and sthe possidle implications thersof

for the problem usder invesiigetion.
2. 4udltory Wonitoring of Speech.

The publisaticn of ¥iener'si® ¢lassie o oyberustics
in 1948 has brousht new insights spd technigues of many dis-
eiplines to bear on problems of vontrol end commusiostion,
Thas has developed whah is known a8 a gservomechaniem, where
inforsmation regarding the performstce of g mxeohine is fed
baok to the devies whioh is errov-sensitive spd can take
steps to compensate, if pecepsary. This principle ig applied
widely in flelds of sugineering, e€.z. in computers, amii-
sirvoraft guns, treffic control systems, heating epd venti-
lating systess 1n homss snd in meny olher areas.

Twe typss of ocontrol systems are usually applied, the
open loop system and ths slosed loop system. In ihe first,

a nugber of steps is curried out regardless of the perfor-
maence of Lhe device abt any purllculer stess. An exsmple of
this type of conircl systesm is found in most sulomstic
washers where the machine goes through a number of eyoles,

regardless of the degr e of 4irtimess of the olothas. In

18 Horbert Wiensr, Uybsrnetice, Wew York, %Wiley,
1948, xvi-2l2 p.
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the closed loop systes, or servosystem, informatiom is ocon-
tisuously fed back Lo the devise, which oan plek up any
errors thul muey be present in the pesrforzanee, sd teke shens
to correet them. This type of servomechanism is inmportent in
the disvussion of any Tors of pervous system organization,
thet depends upon sensory feedback regarding the perforasnsce
of the orgenism at any pertiselar stage. An ezampls of this
type of servomeohsnism in the nsrvous system 1s found in the
geoneral posturing souiviiles of the body, where elaboraie
feodbuok systexns #llow us to kpow the reletionsbiy of the body
to grevitatlional axon, smd ssrve to kesp us in an upright
ge&itian.lg These applications of closed loop conirel sys-
tems in human beheviour heve led Grant F&irbaakaga to develop
& servosysten theory of the sposeh mechanlise, vhere zuditory
int:ke sgrvas we Lhe sensory feedback ohepnel te monitor
vocal sutput. Be reviewed, without discuzsion, five disgyems
of compunication systems, one dating back sz far as 1930,
Those models where the messauge s retuvned to the brein of

the speaker via the ears, st the same ime that It is

19 Alfred A. Biruues mnd ¥ewsll C. Kﬁ?hm?t, Dayoho-

‘ﬁ""”:; “_ﬁ olozy ".4_1.“ Rduoetion of Lhe ain«~Lnfured Shi L Ve u
88 Lp THSOTY A q[ﬁﬁyﬁm Haw York, Grune and 8Lra*%ﬂn,
19&@, Pe 6.

20 Grant ?airhmmua, "Sys tematlc Hessarel in Zxperi.
asantal Phoneties: 1. Thaary mr uhalﬁgaaah,ﬁaah&niam as &
SBervosysten”, Jourpel of Soseob apd Heapine i
19, 1654, ». "%
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trapasittad o the eure of the listener, gerved us ihe
starting peoint for his npore elaborate model., He sald:
The return of ¥; (message) to By (braln) hes

often boan veferrsd to in such words ss eudl lory

senitoring, end interpreted a5 a sort of 'checking

ap' on what the spesking spparatus has predussd,

There is ncothing wrong with this view ef antters

ag far as 1t goes, bt 1t seens to me ihat it mis-

euphasizes the signifiocsnce of sslf-hsaripg during

apeeking., It stressss the past. The essence of a

apeaking systen, hewaver, is ¢ontrol of the ouiput,

or prediotion of the oculpubt's fubture. In this kind

of sysism ithe sigunificance of datg about tha gaﬁg is

thet they are used for prediction of the fulure.&l
His dlsgrasmatic model (see Tigure &) is bssed upen a closed
loop eontrol system vwhere the input signel, origzineting in
the brein (not shewn), 18 ut the left of the dlagrsm and
the sventusl output sipgasl in the Tora of sudible mpeesch,
iz at the right. The effsetive driving signal, originsiing
in the brain, is fed throusgh 2 moior, generstor snd moduls-
tor on his disgrem, which are Lhe respirestory, vibratery and
resonstisn-arti sulstory structurss, respectively. Ths sepnsor
unit {2 shown at the bottom of the dispgram where senzor 1 is
the main channel for providing reedback signale te the com-
parator. This informstion i obtalned through the two ears
{ohsnnels 1 »nd 2 on the diagrem) which sre playing identi-
oe) roles in providing the comparator with fesdback signals.
Tpis iz sn Llmportant observation, zinmce 1t will bear d4irscily

upen the probles thet will be investiguted in futlure chapters,

21 F&ir}#@m, w- g D 154,
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Figure 2. Model of a closed cycle control system for speaking.a

a Grant Fairbanks, Op. Cit., p. 136.
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Apuart froa sensor 1 the compsrator is slae provided with
feedback signuls through sensore 2 and 3, which are shown
with dotted lines on Lhe dlagrem. They symbolize the tsetile
and propricceptive end-orgens., Ihsy supply information sbdbout
the aschanicel operution of the effector unit but not of the
output itself. This ipforsmstion ls subsldlary. The coumpera-
tor is only payt of the whcle controllar unit ipslicated on
the laft of the diugraxm., This eoatroller upit {s en sutome-
tic device iLhat issuss spocific ordors te the effector. It
should be noted that the messwge does not originste withip
the controllsr unit, but is recelved from the phenstion
centre end siored in the storsge device, From hers it gzous
a8 an input signel to beth the mixer znd the somparator,

The compuretor now ig in posssssion of f{wo signels, ope that
has besn sd bagk through the sensor unlt, and that is the
rgault of fina)l speech output, snd another signel coping from
the atorage device und whieh i8 petuaslly the original unlt
before it Des been modifisd us en effective Ariving signal.
The comparator pow performs the function of comparing the end
product with the original mnd unmodified signel. If the two
are exaoctly ulike then lhe srror esisnul esqguels zero end no
moditication ls imstructed through the mixer device. BHowever,
the vigger the difference ltetwsen Lhe two uniis in lhe com-
perator, the bigzer will be the error signal thet is instruc-
ted to the mixer. In this way the contreller unit is constantly
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informsd of the oubtput amd is trying to reduce Lhe ervor
signal to zero. Wheun it is done, the storege devioce ia
eleared and Lhe whole process is repezted. It should be
kept in mind that thls 13 & zedel and not & replics of sen~
sory and pneuro-susculsar sctivities during the monitorimg of
speeth.

This model expleins speeeh disturbances that can be
sxperimentally induced ihrouzh delayed sudlitory feedbaek,
When a subject's norasl elr coapducted speech is returyned to
bis esrs with a delay in the fsedback process, his speech
is seriously dierupted. I{ is usually ¢harscterized by re-
petition of syllables und words, longer phonation tilme mé
incresse in vocal intemsity. Lee®® wes the firat to mention
this in the litverature during 1850 and since then vast smounts
of research has been done in thie Tield. The disruption of
speechk undesr ithese condiilons is understandsbls in ithe light
of Fairbenks'® model. Ihe return of the subjiest's vocal pute
put to his ears, with the induced dslay, lesves ithe compars-
tor unsetisfied apd 4 resulting large error signal in the
conirollsr wnit. This explsains why the subject slows down

his spesoh apd repesats syliables.

22 B.8. Lee, "Effecis of Delayed Zpeech Feedback",

Jourpsl ¢f the Acousticsl Socliety of Aserica, Vol. B2,
1980, p. Bx4-B26.
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In the preceding seotiosn it has been pointed out that
the sars play an importsnt role in sonlitering the subjsot's
vosal output. It has slse been nosliced that in Falrbanks'
model the two ears play identicsl reles in the monitoring
process. This is the reason why the saerebral lanzusge
lateralivy has pot been teken into sccount in this model.

The followipg section will brisfly sarvey the literature on
gtudles dealing with sudltory dominence,

3. Audlitory Domipance,

The lack of well evntrolled resesreh in this risld
is striking, Cnly a fTew vreferances could be located that
dealt speciflicslly with this problem. The flrst investige-

tlon was carried ont by ?mtarsanga

and reported during 1948,
He used ap osyphone, mounited on en adjustable stand and pluced
on the outpus of & beat freguency oscillstor ip his experiment.
The subject had to stand in front of the apparatus and was
asked to listen slesely Af bhe ¢ould hesr any sounds oomuing
from the eurphone., The preferred ear was noted. The axperi.
ment was sarricd out a few timee and Peterson conoluded

that, “to varyving degress, indlviduals do prefer the same ear

&4

when listening %o & locallized sound source®, However, if

2% Gordon ®. Peic son, "EBar Preference®, Journel o

Speech Disordera, Yol. 7, No. 4, Decsmber 1942, p. o
M ibiil’ p' Ml.
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his findings are observed mers olosely, it is noted thst of
the twenty-four subjeois usod, only eleven used oconsi stently
the same ear. The rest bed mized prefersnces, svean within
sumbers of the seme trial, Although sdscuste statistioal
treatasnt of dets is mon-existent im thnis atudy, the relia-
billty of findings clone appears o be conslderably below an
soceptable level. The ssme mothod has besn tried out om 8
number of subjecis snd it wes slsc found thet the praference
for cne ear is very incomsistent snd influsnced by bedy
posture and telephope spesking hublis.

In eanother study by Mounsey and ?etorusnzs thes pos-
8ible relationsikip bstwses «ur prefersnce and othey leteralisy
cheracteristiens was investigated. They uved the smame techni-
qre, already described, teo determine esr preference. Raoh
subjsot was glven three trisls smd ome incunsistent choice
labelled the subject as lncomalstent regarding sar preference.
The same procedure was followed in determining hendedness.
Four teets were given, one where the &uhjaét ked to unscrew
the cap of a fountain pen; ancther whers the subject wes
asked o write from dietation, numbers with bdoth hands on a
klackboard; & third test shers the same procedurs wes followed
on paper instead of oa ibe bleckboard; and s fourth test where

25 Clasudine Mounsey and Gordom E. Tetersem, "The
Relationship of Tar Prefersase to Other Lsterelity Characteris-
%ia;“. Journsl fpeech Disgrdars, Vol. 9, No. 2, June 1944,
PQ 31" 2 »
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the subject had to copy @« pattern with both bande slgulta-
neously, on & piece of paper. The subjects hed %o show con-
sistent prefersnce on three of the four tasts before thay
were scoepied s elther right- or left-handed.

Three tesis were used ito determins aye prefersnce.
Sudblects hed o alm with & pencil at ths exeminer's nose,
then the same provedure was repested when the subjeost almed
through & funnel, whioh neceseltated the nse of one aye,
and laatly, the test of convergencs wes uzed where the sub-
Jeot had to focus on sn objeot that was approsching him.

The eys that broke away flrst wes copsidersd the non-
dominent eye.

To dutermine foot prefersnce, four teste were ussd.
The subject had to sbep upon 4 box and then down, the lesding
feot belng consldered the domimunt foot. 1In the ssoond test,
the subjeet hsd to kiock s ball dirsetly into a seorner, ithe
foot used wes considered the preferred fool., Ia the third
test, the subjiacts were esked to fall forward and osteh
thamselves by stopping their fall with one leg. The leg
used was gonsidared to indicate the preferred foet. In the
legt test, ths sudbjscts wnere asked to try $o get on a table
by plaeing one knee on ithe table tep. The leg used was con-
sidered to indicate the preferred foot.

Of the forty-five subjects testad, %7.8 per cent

preferred the seme ear and the same hand. Only nise consistently
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preferred the opposite esr and hand. The relesticpship betwsen
prefarred eye and preferrsd ear wus less marked, only 28.9
per cent of the sublacis preferred the seme eye and sar,
Only seven subjecis consistently preferred the opposite ear
and eye. Far snd foot preferences showed the closest rela-
tionship; 42.2 per cent of the subjects preferred the ssme
sar and foot spd only four sonsistently preferred the oppo-
site ear and fooit, Hounsey end Peterson tharefores conecluded:
Thess data indicate that there is socme positive
relstlonebip bewween esnr preference snd the other
laterality charsetoerisiics exsmined im thls study,
althouzh the dnata 40 not indicate thet this relsa-
tionsuip is perticulerly close.®0
Howsver, the resson for choice of tests, and espe-~
cially the seoring criterla, remains unelear, Upless an
action to be performed reguires scme degree of dexterity or
mespinzfulness in terss of spprosching a goal, sany one of the
two organs ocan be applled equally well. Walking, for sxample,
is an sotivity that everyone has dsveleped so well that the
lesading foot in starting ths sotionm ocan hardly be comsidered
e the preferred foot. The ssme applles for the test where
subjeots had to umsersw the top of & pen. Whioh action is
aotually sore Lsportsat, unscrewing the top or holding the
pen? Subjeots executing the movement with both hands

simultsnsously ware also labelled ss inconsistent. This

26 Hounsey and Peterson, Dp, €it., p. 123.
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explaing the large numbsr of so-celled inoonsistent zholces
in their table®’ and cmets some doubt on the validity of
other findings.

In an attempt to demonstrzie reluabtionships between
say preference and hesring aeuliy, Bilto and Peterson®® used
the ssae technique to deterzine esr preference mnd sduinie-
tered audicgraems to sixty-nins subjeets, using the following
frequencies: 188, 258, H12, 1024, 2048, 4096, and 8198, They
used a mevhod of teking the dlffersance in decibal beiwsen Lhe
aculty of the two ears for esch of the frequenclies. The
aversgs of thase seven Jdifferences wus tsken as sa indicstion
of the degress of right- or left ssr superiority. When the
Maht oar wag cupericr, the 4differszce wus eopsidered posie
tive and wnhen the laft ear wes superior, the difference was
eonsidered negative. Agsin, & large number of subjecia wers
inecnsiptent im shelr esr preference, for ressons slready
zontloned. After spalyzing their fiodings, and trying to
valate it to ear preference in various ways, they consluded:

Thus, & mors generel consideration indioatse that

the difference in hesring scuibty between the two sars

would not usaal%g be a primary feoter in determining
ey praférs.ce.

27 Hounsey apd Pelerson, Lp, Cit,, p. 12,

28 B.¥%, Bilte and Cordon E. Peterson, "The Relatien
Between Zur Preferspce apd Heering Aculity®, ggggggl %§
fiveeq porders, Vol. 9, ¥No. 2, June 1844, p. 123-125,

20 Ibid., p. 125,
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Mo further studies in this direstion could be looated aftlerx
these apparently unsuctsssful silesnpts Lo demonstraie ihe
existence of sn ear dominenoce, A8 wes poluted cub, thesse
iavestigations were concerned with ssy preference and not
with & funetiepel predominences of the ons esr pver the othsr,
Superiority of aculty scores of one ssy over the ciher doas,
to some exteant, indicate & possible funeiional predosinsnce,
although Bilte and ?ateraau@a have demonstrated mno slznifi-
sant relationship of hesriung soulty with eusy preferenve.
Anotbar atiesmpt to demovnstrale the existence of
auditory dominence with another wpprosch was the study of
xlk1n5.51 Zhe tried to demonstrate suditory dominance op
the assumption that one ear takes leamdership in the monitor-
ing process of specch, alrsady described., &he used the same

g8 thod us ?a%%raanaa

to determine esy preferentce and assumed
that shen the preferred ser li sxpesed to deleyed aundiltory
feedback, the affegts noticsadble on spesch would be more dis
rapting then those affects noticeable when the non-prefarred

ear is exposed to delaysd wuditory fsedback. Bhe used a

30 Bilto eand Peterson, Op, Cit., p. 185,

31 E.¥. Elkins, Effecte of Side-tons Delsy op Oral
; ng Respopnsss under ConCitions of Binsural and Hon-Aural
Stimulus Presentstion, unpublished Master®s thesls, University
Q H&Ifl () s ”l:v‘: ] % g}.

32 Mounsey and Peterson, 9p. Oit., p. 121.
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loud white nmolse to mask the conivslateral esr and presented
the delsyed Teedbuck Tirst o the preferred ear and later to
the ron-preferred sar. The expsriment was salso repested with
& bipaural presemtation of the stimulus. One hundred sné
twenty-seven subjlecis were used snd hed to resd very shord

passa o8, some only phrases of thr@a‘waras.%s

The over-sll
reading time was teken with & stop wubteh Lo one £ifth of =
second. Ko differonces could be found inm resding betwesn the
sonditions where the preferred and the non-preferrsd ear had
been expesed to delsyed suditory feedbaek. She concluded:
The results of this study dc ROt saupport the
hypozhesis of dominance in the suditory mense. The
failure to demonsiraie statistical significance of
di frforences in duration of oral reeding responsez under
delayed slide-tone suggests the possible effacts of 24
fattors that were u¢t controlled in this iuvestimnilon.
The use of such short resding phrases and the rether avkward
tizing device could possibly heve influenced the reaulbis e
sueh an extent that no sigrificsnt conclusion could really bve
drawn from this study. In such & short reading pericd, the
reaction time of the experimenter in pushing the stop wateh,
is probably lonzer them the difference betwsen the durstion
ef reading passages Compared. Also, the fact thst the sub-
jeots were sersensd on sar prefersence prinoiples, whieh is

not & very relisble messure, could bave influenced the

%% Blkins, Qp, Cit., p. 19,
34: Mog B %o
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results. No attempl was made Lo relste sar praference to
other lsterality characteristics for the finsl experisaent.
The approach, howsver, appasrsd Lo be useful in attempis Bo
desonstrats auditory dominsnte.

Doreen Kimmr&,aﬁ in & recent study, used subjsotis
wlith eplleptic foel In various arems of the bruin snd pree-
sented dizits to the two ears, sither simulisnecusly iu pealrs,
er in rapid sugccession. The zubjset wess reguired to repeet
all the nusbers he had heard sfisr eash group of six. It was
found that dsmage to the left temporal lobds impaired over-all
pesrfaraance, regardless of which esr received the stimull.
Post-operative soores also suggested thet unilatersl temporal
lobecteonmy, on efither side, sigunificently jspeired the retogni-
tion of matsrisl wrriving at the eer contraletsrel te ihe
removal. Frontal leobestcmy 414 not impeir the psrforsance in
mny way. It wes therefors concluded that the orossed eonneo-
tions from sar Yo GorieX are sironger Or mOTE BURBIOUS %h;a
tha unerossed or ipsilsteral connections. These findings
have slready heen well esteblished in the anima) Iiuaraturaﬁﬁ
gnd it now appeurs sz 1f & aimiler organization existe in men.

Another Pinding of this study wes that pre.operative scores of

35 Doreen Elmuras, "Bone Erfmeﬁa of xemnar&l~naha
Damage on Auditory Perceptlien", Canodizn yrel of Paycho-
logy, Vol. 18, Ko. 3, %ayt@mhar 1961, p. 1f 68

5& m.g g. 16&‘
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recognition were signiricently bhigher for the right eoy than
foy the left ser, regardless of the site of the leslon, This
wag interprated W indicate that in the subjecte used, the
left temporal lobe was pore impertunt (domipsnt) bthen the
right temporal lobe in recogaltion of verbal suterisl. 7This
finding ia well iu sgreement wiih the faeb thai the left
temporal lobe is usually dominent for speech, as slresdy Als-
sussed in a previcus segtion.

This conclusion probably led Kimura to follow up the
previous study to investignte the hypothesis that, "in suba-
Jeots with eposch representad im the vight hemlsphars, recog-
piticn of verbal mastarial arviving at ithe left ear should dbe
BOTS efficiaat”‘g? in 2his study she used 120 patients at
the domtrsal MHeurclogical Ipstitute who had epileptogenie
isslons of various parts of ibe braln. The group was divided
into twe, LO7 who had speeoh representsad in tha left hemi-
ephere apd 1% whoe had spesch represented In the right hemi-
sphere. The method used in determining letersl doainsence rear
spoech was the sodium eamytal aphssls tesit, introductsd by ¥Wade
(1949) and deseribed by Pentield and Roberts.>® Sodium
amytal is injeoted into the imternel curotid artery of one
eide, whereby the funotions of thet hesisphere are temporarily

&7 Dersen Kimurs, “Cerebrsl Dominsnce and tne Percep-
tion of Verbal Stisuli™, Op. Oit., p. 168,

38 Penfield and Roberis, Op. Cit., p. 86,
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disrupted. Dysphasis ususlly ocourred afier the dominant
hemisphere had beon injected. The test prooedure was the
sume o8 ia the previous atudy, digits in groups of six were
presauied 4o the subjeot im such 8 way tBat bhall came to the
left ear and half t0 the right ear. Bhe conoluded:

These duta indivave thet when speasch 12 repre-
sented in she left hemisphere, the right esr is more
gfficient, and when gpeech ils representad ia the
right hemisphers, the 1left ear is more efficient.5®

Sabsequent snalyses wers performed to fdetermine if thls f£lg.
ding is related to bandedpsss zpd 41t wes found thet handed-
ness was not a froetor in produelng these reaults. Again, no
eriteris are glven for any laterslity tests thst may have
been used Lo dstormine hondednesas. These findings =re also
in agreement with her previcus ataéy*o where it was stubted
that the orossed sudltory patbweys sre mors efficient than
the unerossed. Im » ¢oneluding remark, she stated that one
of the reasons why the betier efficispey of the sar, conLra-
lustaral to the speech cuntire has 80 far gone undetected, may
be that in most people both pathways wure well feveloped and
that a difference can only be deteacied when the meterisl has

& certaln degree of difficulty, or when the iwoe pasthways

39 Doreen Kimura, "Usrebral Dominanve and the Parcep-
tion of Verbal Stimuli*, Op. 8it., p. lé8.

40 —mw ~y "Bome Tffzots of Teaporal-Lobve Damege
on Auditory Pesreeption”™, Op. Oit., p. 163.
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are in direct competition during simultansous presentation
of stisuld,®?

By way of conclusion ths sost important findings,
mentioned la the previcus zections, will be summerized and
& Taticnsle and genersl bypothesls stated for the present
investigation, This general hypothesis will then be broken
down into statletlesl hypotbeses and descoriptions of eiperi-

manbal desizu in the foliowing c¢hapter.
4. Buammary, Ratlonule wnd Genersl Hypothesie,

A systematlie survey of the litersture over the past
hundred yesrs, by several suthors, on the pocurreuce of laft~
end right-bemiplegia with sphasias, bes led to the sondl usion
that cerebrsl lengusge laterality is usually restrietsd (o
tha left hemiesphere., Thers sre ceses knows where the righi
hemisphers undoubiedly subserved the spsech fTunetion, but
this geems to be an exirsmely rars ocourrence. Languuge
latsralily also appeared (o be a funotion independant of
bapdedness. These findings were later oconfirped by methode
used in slectrically stimulating or interfsring with csrtaln
parts of the cortex. Bowever, laterslity tests, used in
deterzining hapdedneas of the petients, were not mentioned
and 1%t appears that the fiudings should be interpretsd only

41 Doreen Kinura, "Uerebral Domisspoe and the Psreep-
tien of Verbal Stiseli”, f8p. Ci:., p. 169.
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in verms of hsudednsse in the siriotl sense of the ward, and
not in terme of leterality or sidefiness. Alsoc, wlthout ex-
geption, these [indings have been derived from the vhserva-
tions mede on bralp dasuged sudjeote where elther spesch
functions or certain leierality sspssits could have been
treasferred to the opposiis hemlsphere, 8ince, in most canes,
the onset of the demage ia not known, Lhe posuibiliitiy of suom
g confusion could not be iynored z20d findinegs should be veory
gsutioualy sapplied to fit the general non-hospltsliized
population.

In 5 following soection it has been polinted sut to
what an extent the =zars perform a mopitoring function of the
mibject's vooul ovtpat., A model, using a slosed oyele oone
trol systex, wes dlsocusssd %o point cut how 8 phenomenon like
delsyed sudlirory foesdback esn seriously disrupt spsesh.

Binve this model sssumed identiesl functione played by the
two enrs in feeding back informstion to ithe eontral umit,

& further investigntion was nedessitated to svaluvate state.
me ntes whioch claimed the prusesce of dominance in the suditery
sense,

It was found thut =n suditory domlnenee does appsar
to exint, using ear preference 88 & messure. However, ear
praference <oeg pot ssam to be 2 reliable measure since i%
is infiusnced by some external faotors thot capnot be

oontrolled. Purther attespis te relute ear preferente to
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other loterality eharaoteriastics and o eudl “ory soulty ware
rather inconclusive, althousgh the posalblility of some rela-
tionahips were indivated. A better eontrolled study, ueing
brain demaged subjeets, found that the orossed audl tory
pathways ars more officient them the unerossed sni thet ine
Tormution arriving at the esy, ﬁoatralatarél to the hemi-
sphere that iz dominant feor speech, is better recognlized
then information srriviag at zhe Lpeileteral ear. Thisz in
itzelf i3 ¢ clear SJemonstretion of the existence of sudlitory
dominence, These findings were not relsted to handedness
but appasred ity be ouly & funotiom of cerebral langusge

la terality,

The aain fntention of the present study is o demon-
strate the exlstesce of sudltory dominance with & normsl
population where there is no histery of brels domsge. In
the pravious atudy thst demcnsiruted e differenves betwsen Lhe
ears ecopntralaternl snd ipellatersl to the speech Benire, there
was knowledge regerding the locsllization of speech funetions.
Boince sugh & drestio messure a» the sodium smytel sphasis
test caanot pomelibly be used in s normal pepulastion to lovate
the apeeoh gentre, esrebral langusge latsrality is zoing to
be sssunsd on grounds of laterulity tests. Two samples will
ko tzken of hish school s.udents who demonstrsie complete
right~ and left-sidedness. Insitesd of ser preference, a

spagure of suditory demipence in terms of acuity scores will



REVI®W OF THE LIVERATUKE 3

be taken. Those sublecie LBai demonstrabe edegualely the
presonce of right_handedness, -eyedness, -fooledness, snd
~snredness will bes called ¢ompletely right-sided, The zaue
s ssures will be tsken to securs a left-sided group. It will
be inferred thst the right-sided group hes lefi cerebral
language latersiivy wand ibat the lsft-sided zroup has vight
gerebrel language leteraiily. The sar oontralatersl to the
assumed apeoeh centre will be called the deminant sar, and
the ear lpsilateral (¢ ihe sssomed speech cenire will be
called the non-dominant eor.

Since Lt hes beon desonstrated that the 4ifference
batwean the eursz is only deteocted vwhen the matsrisl reosches
& oeerisin lewal of dlrfieulty or when the two paibways are
i competition, ths doainant and aopn~doainant eary will be
exposed slsultasscusly, the obe 20 & direet fosdbadk and the
othar to o delsyed feedbeck of the aubjset's voloe. Since
it is known that dslsyed suditory feedback impelrs spossh,
it is assumed that the subjest’s speech wlll be more fapulred
when the dominsnt esr lg siposed to delayed fesdbeok than
ohen the nen-dozlpent sar L2 exposed o delayed feedback,
The seme tendeney is hypothesized for the right-sided, as
well as the left-slded group,

The follewlng chapler will be concerned with an
elaboration of the geperal Rypothesls into amors speciflie
statipticsl hypotheses znd with s deseription of the
experimentsl design.



CHAPTER 1X
DESIGN OF THE 3TUDY

The present chepter will sttempt o give a precise
dssoripntion of the methods esmployed ip seresniang the sub-
jeete, in setiing up equipsment znd calibrating it, of testisog
proegedure and snelysis of speech ssaples inte Yaw scores
and, Tinally, of the svatistisal design snd hypotheses Lo be
tested. The description will be done In such a way that the
present study osn be duplicsted dy other investipators, if

se desivrad,
1. 7The Ssample.

The sample consisted of two groups of high sochool
studenss, twenty of whom demonstrated complste right-
pldedness sud ten who were completely left-sided. The pro-
esdure in securing the subjlects waes as Follows:

a) Mmninistyrstion of lLaterzlity Teste.- The full
co-operation of one of the local high scbools and its stars
menbhers was obtained and the project was explained to the
principel. It was found thut there wers approXimetely Tifty
students in the school who demonstrated preferencs for the
left hapd., Of these, ten were aslisinated bescuse they were
in higher grades and testing would have interfered with
achool work snd ¢less routine, Of the remsinimng forty, two
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ware eliminated because of known brein demnge, one subjest
who bad had polic at an sarly sitsge wes alse elisinated end
five more who demonstrated, 1o some axtent, speech disorders
of & voyy mlld meture. One subleot 4id not spesk English as
& first lepgusge and aucther hed hed damsge of the right
sardrun, Roth thece oupes were also eliminsted. The re-
meining thirty were then sdainistered the followins
laterality testss

The subjeet wes hended a pleoe of paper end & pen
and asked % write hle neme. Then he was also zsked to
writo bis neme with the nop-preferred hand., He wes alaso
asked whether he considered himself to be 2 left-Bander and
whether he performs any olher sotione with his right hsnd.
Only when the subject replled that he considered himsell o
be 8 left-hander sud that ne constanstly preferred his left
hapd, wae testing continued, Hs then was glven a plisce of
psper that was yolled im the forxm of & ball and he was 2aked
to stand back a few yards apd throw 1t as Bard as he ocould.

The subjeet was then given a plece of cardboard,
approxiaetely four inches by six inshes with a small hole
punched in the cenler, and wes ssked 0 stand baok a few
yards, keep it in bobth hends at ara's leagth, and te look
through the hole ai the exsminer's nose. He was then banded
a V-scope und asked to heep it in both hands and to look at
the exasiner, PFinally, the subject wes given a kalsldesoope
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and asked to hold it ageinet the light smd to look inside.
Xt =t any stage the subjeet demonstreted & preference for
the right eye, the test waz diesontinued.

The tast for foptedness coneisted of handing the sub.
Jeot s sheet of psper that wes rolled in the forsm of s ball,
and he was ssked to klok it as herd es he could so that he
gould hit the ceiling of the room., Thias was repeated a few
times to note comsistaney in the choloe of foot. Oply when
the subjest clearly demonstrated a preference for the left
hand, left eye and left fool, wes the btest continust te
detornine sarsdneas.

The test for earedness conslsted of the sdministra.
tion of audiogrsms to the remsining subjects., A& guiet Toom
wos chosen Tor this purpose and a Heico MA-2B portable
audioseter was used. The subjeod was properly informed
about the test and glven explsnations shen he nsked gues.
tions., He waa then given the insiructions ¢ the test and
asked to indl cate with hia finger as soon &8s he heard a
pound on one of the two earphones, He should keep out his
finger as long e he heard the sound snd should only pull
besk his filuger whesn the sound was o longer audible. Before
the teat started, the subjeet was glven an indlestion of the
nature of the sounds snd alse %old st whioh sur to expaet
the sound. The subjeot was then pladed in such s way that

he oould not see iLhe ezmuiner, the eerphonse were placed
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on Ris ears and the test sturied el & frequency of one
thousand eyeles per second. The jJest was steried at & level
of approximately ten de¢ibels snd waes graduaslly decrsssed
until the subjfest could no longer hesr the pure iene, The
same procedure was then repssted, approsching ihe thresheld
from a level of 10 desibels., 4 common polent was detsrmined
in this way to indisate che threshold of the subleet 2t zhat
particular freguensy. %The ssas procedure was subseyuently
repeated for the following Trequencies in this order: 1,800,
2,000, 3,000, 4,000, 6,000, 6,000, 780, 800, 250, and 125,
After & rest peried of o Tew minutes the sewe procedurs waes
repaated Tor the other esy. Guly alr<gondugted pure Lones
wore used im the sudiemstric tesiing.

b) Analysis of Audiogrems.- The obtained audiograms
were then anslyzed to determine if any signifiocsnt hearing
ispairsent for either of the two eers wes present., The
method employed was thalt preparsd by the Subsommities on
Woige and spproved by the Counell of the American jAcsdemy

of Cpthalmology and ﬂtalaryng@lagy.l

Only audiogrems which
indicated zerc per cent bLeoring loss for sither esy were

eonsidered for further amalysls, %he audlogreas were then

sn #, Lisrle, Chairzen, "Guide ¢ lus $4
of ﬂ@ariagﬁfm@airman - é ag@rﬁ af tha ?tt@a anvgﬁgiargn

vaﬁian ef‘ﬁgarin@#, Tra
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transforzed into unite on & ten-point scele to compare the
reletive efficiency of the two sera. 7The valuas have besen
chosen ardbitrerily so thul & thresbsld of -10 db. far any
freguency would correspond with 8 value of 10 on the ten-
point sosle; & thrsehold of -6 d4b. would indicate zn value of
¢; 0 db, would corrvespond to 8; 5 4b, with 7, snd se on. 4
threshold of $40 4w, for any frequency would thersfore
sorrespond o 4 velue of 0. In this wey & vulue hss basn
ebtalned Yor esch of the slaven Irequencles tested, Anm
sverage of lheso aleven valuss for the left gar wss Lhen
used %o ilndicete the msen aoulty score for the left sar. In
& similar way, e mesn aculty seors for the right sar bas
been obtained, Only those sudliograme wers ratsined for the
lett-sided group which shoeed & higher meen acuity score for
the lefti sar. Usiang tils proeadurs, iten subjacls wers re-
teined for the fimal left~sided group. An averagse hes also
been obhtained of sthe ten values for esch of the sleven fre-
guencies., Yigure 3 shows the distribution of meem aoculsy
scoree of the ten lsfi-sided subjects on emeh of the eleven
freguencies. On ithe veriical axis the trensformed values
aro indicated and ip parentheses are the originsl valuss from
the avdicgram that indicste bearing loss in decibels. It cen
be seen frem the Iigure that sthe dominant ear {(left =zar) nas
better aculity tusn the pon-domisent ser (right sar). They

basioesally follow the sese pabiern but do not ovarlap at sny
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Figure 3. Mean acuity scores for ten left-handed
subjects.
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frequendy. A % test has bheen performed to determine whether
the neasn aoulty socres for the domlnant wer are significently
higher than those of the nen-domipsnt ear, 4 £ value of

1.88 has boen obleined which is not sigpifiocsnt st the .05
level of probvability.

Afler the tem subjecks for the lafi-sided group have
been obtelned, exaotly the sesme procalures were Tollowed to
seoure a right-sided group. Helatively few subjeols had teo
be elininoiasd and & group of twenily rieht-sided subjscie was
obtained, Flzure 4 sbows the distribution of measn asulsy
seores of vhe twenty rizht-sided subjeoin op eadh of the
elaven frequencies, IT oun be seen thaet the ALffarsnce be-
twoon dominant- spd non-dominent ear ls more marked tham Tor
the left-sidad subjecta. 4 L test yielded a value of 13.E,
which indicsies & sigpificant differance beiwean the mean
aouily ssores of the dominant snd nop-dominant esr, al the
LO0)1 level of prebuability. Figure 4 slso indicates Lhe
possibility of s differecce in varisnoe betwsen ihe aculey
seoras of dominenc and non-domipnant sarva on the eleven fre-
quencles. The verisnce was obtzined for dominamt end oon-
dopipent sars snd a west of slgnificanse indicated that the
verianoce for the nun~dominent esr ls significsatly grsaier
thep rfor the dominant ear. This wes signifisent et ihe
001 level of probublility.
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The thirty subjsote chialned for the 4xperisent Aid
not desonstra.e sy obvious apuech or reading dlessbilivlies;
there was ne history of any brain dzmsge; hearisg soultly was
easentially normel and intelllgsnces wis wmversgs or sbove
averaga, Ihe left.plided group sounsisted of four girls mud
six boys with e meun sge of fiftesn yesrs wad three months
and a range of thiriuwen yesrs and ow0 months Lo Beventsen
years and one sonth., The right-zided group consl sted of
ven #irls «pd ton boys wiih & measn sge of fourtsen yeavs and
eight months, and & renge of thirteen yeare wnd Lthree months

to sixteen yesrz and nine months.
2., Instrumentation.

The insirvments used for the experiment consisted
of a Harsmsun Karden Sterev smplifisr, type 3 8500; an Azpex
tepe recorder, bype 960; two Yhure geramic microphones,
type £2753; one puir of Philllps liguid insulated stereo ear-
phcuas; & Maloo Mi-ZB sudlomsier; & tcnstructed petel switel
box; and two Shurlie VW.meters, rectifier type. Flgure B
conbuing & dlsgras of the sirvoult.

It cun ne seen theb the switch allowsd one of three
different conditious to the sarphoneg, The first condition
simply relayed the subjeat's volce Trom the miorophone
threugh the smplifior to the eeyphonas, ¥With the switch in
thie position the subjset will hesr himsel! dlrectly on
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Figure 5. Diagram of circuit.
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both eare of the sarphones. This condition will be czlled
conditien (a). & connsetion to the Ampex allows ibhe aub-
Jeot's volee to ve recorded while he speaks.

With the switch in position 2, the sublset's voloe
is firut reluyed to the Amupex and rscordsd. 4 sssond plog-
back hesd, mounted a Little distupce sway from the recordiug
head, ploked up the reeorded volee e fracticn of a second
later, relayed 1t through the amplifier to both eurphbones
dirsotly. Gith the switeh in this position the subjeet
heurd hie own volos after a short delay in the feedback pro.
gess. This comdition will be culled conditien (k). The
distonce betwsen the redording uwnd playback hesds wes nea-
sured sogurately snd with &« tape spoed of V.5 inches per
sacond, which was used througheout the experiment, the deley
induved lnio the feedback was estimated at 158 pecond,

Fith the switoh in position 3, the lspulse is divided
into two sepurete ehannels., The cne goes dlireetly te the
amplifier end from there, through one of the iwo channels of
the aaplifier, to one of Lhe sarphonss. The other oiroult
is rirst relayed through the fupex where it is recorded znd
delayed in a msuner zlresdy described. ¥Frum there it is
fed throuzb the other shannel of the smplifier to the other
sarphons, With the switech in this position ihe subleot heurs
his own voloe directly on he one ear and delayed on ithe

other sur. This copditicn will bs called sondltion (o) when
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the delaysd 2ignsl wes on the non-domipun? esr snd the
direot signal on the dominant eur,

An extra reverss switch, mcunted on the output
terminals of the amplifier, allowed the silgnule to be re-
versed so bthot tho deleyed sisnal 1s on the Gominaent sar and
the diree¢t 2lgnel on the non~dosinsnt ecr. 3his conditlion
will be eslled condition {4},

8ince, in the meln experiment, conditions {e) and
(6) will be compured, it ie2 of the utmost Llmportance to
assure that the two slguals azvriving zt ths two esrs, &rs
identical, axsept ror the delay in the ona. The Ffirst im-
portant conslderstion 12 thust of frecuency responsa of the
squipment. The Harmenn Kurdon sumplifier is capuble of do-
livering » flat, undistorisd signel betwaen ED wmg 15,000
e.p.5. The Aspsx tape recorder, whea a tape spoed of 7.0
inshers por sagomd is used, almo respoads with a flat curve
ap to epproximstely 15,000 e.p.e. The “hillips sbereo ear-
phones have 2 flabt frogqusnery response batwaan 25 snd 128,600
¢.p.8, snd the microphone iz suid o be fras from aby undesire-
able peaks up to 13,000 c.p.s. It ie therslfore assumed thaet
the signale, whether thay are direct or delaysd, sre undls-
torted, at losst within the renge of norsal lwering.

& pezt copclderution wee that of phasing. I3

ipyears te be Lamportant thit the two exsrphones be ln phase.
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This wan accomplished by a switch on the smplifier that
enables this adjosiment.

A last oonsideratlion wes thut of Intensity on the
esrphones., The following procedure wss followed %0 cali-
brate the equipment for equal intensiity on soth chanmele:
two Bhurite VW-gmeters were sonnsdied to the punputl terminids
of the two chenneln, The smeters wers adiusted iLe have a
eomron zers and Lhen the aslerophone sooket on the switvch box
wog used as s iuaput for the audiemster., The sudiometer was
set Tor a fregqueney of 500 o.p.s. and an intensity of 80
deeibels, When the sudiometor snd the amplifier wers
gwitehed on, the pure Bone was hesrd on the ewmrphonse end
ths VU-zetere Indicuted a reeding. The amplifisr was then
ad Jussed o zlve meximum channel separetion on the stersd-~
mono eontrol and the balence gonirol woe greduslly adjusted
until deth meters gave the same reading. The volume control
was then afdjusited until fae Vi-upstsrs showed a deflsciion
of 100% or 0 VU-units. The reverse switch wus then put in
to reverse the signels, and the conirols were agaln adjusted
until both meiers showed the sume reudliug. ¥Yhen the celibra-
tion has been complebed both meters indies od the seme
reading of O VW-units, whioch stayed constent regerdless of
the pondition used., It wee thervefore scsumed that the
intensity on both esrs wer exactly the same.

The controls weys then locked end not toucked until
the axpariment was completed. MNevertheless, at the
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beginning of each session with a subject, the pure Lone was
applied for tom seeends and was recorded. This served a dual
function, to detsraine whether the eonirols resmainsd un-
touched exd to serve as & eallibrating signsl for the anslyels
of the tapes, which will be daseribed later. Al speech
gagples ware reoorvded on Aspex recording tepe, .6 mil. aylar,

2. Testing Procedure,

The reading pussage used in the sxperiment consimted
of & 127-ayllable parsgraph (ses appendix) that was adopted
from Halx.z The passsge wes typed in spsced capitels on &
plece of paper snd mounted on a cardbeoard. The sxperiment
was oonduoted in & gound insulated room and whep the subjset
entered the room he was sested comferisbly at the talbe in
front of the microphope. He wasz then given san explanstion
of the proocsdure and was ssksd to resd the passage for hime
self to get asequainted with it. Any words that he 414 pot
know, or which he mispronocunced, were corrected so thaet ihe
subjeot was falrly femiliar with the passage 2t the beginning
of the axperimant.

It was then expleined to him that it is the nim of
the ztudy to ipvestigate resding habits of left- and right-
hended people and that it i only required of him to read
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the passage in e normsl way. In order teo get used to the
experiment s) condi tion, whore ths sub jeot was wearing esr-
phones and hesrd blasel? through the eurphones, the subject
was allowed a few minutes of spontoneous speech whiles wear-
ing the phones. He was also asked 0 reed the prssaje
aloud, W®hen he finishsd, he was instruoind that 1t wes very
good, apnd that that is all vthut wae reguired of him., He wor
apked to resd in & normal way wlthout hesltatiomns., Should
he make any errors, e was ubked to iganore them and continue.
The sublest was also ssked 0 saintein the distence of appro-
ximately five inohes between his meouth zmxd the microphone at
all times. When everything was glesr, thas tape recorder was
started and & tep on his shoulder wes the indicstion for the
subjeer to start,

Another mig¢rophone, miorophone 2, ensbled tha experi-
penter to cowmunicats with the sublest. After sompletion of
condition (a), where the zubjact was exposed to & dirset
fesdback of his own voics, bBbe wes ihen instrueted through
the miercphone that the sume procedure will be repesied for
three more comditions. He is sgein ssked o read the
pessage 28 normsl a8 he can, however, in the follewing con-
ditions he will prubably experiesnce somes ALfficulty in
reading. He was asked not to langh or stop, but to continue
and to read au normally as he could. Conditioms (b), (e),

and {4) were then sompleted in the zame way while a
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recording wus made of the subject's speech. %Then sll four
conditions wers completed the surphonss were removed and

the sudbject wasg glven 2 rest peariod of ten minutes, Tha
whole progedure was then repeated for a second time., In
this wmay speeca ssuples wers oblalned of four 4iffsrent con-
divions over two oceasieas. ¥hen the testipg was complestad
the Bubjeot was spked nol to comsmunloszte with the othey
subjests.

For all the subjleots, the experiszeni steried with
condition {a), if.6., o direct feedback of thelr volce.
However, the remsining three sonditions were rotuted from
subject to subjent zpd alsc for svery subjsot beiwesn the
two occssions. This way Lt was arsured thut e pracitice
effects could adcumulste on ons condiitlon besause of ita
plsce in the pressntetion of ceondltions. The resson why
sondition (&) wes not rotated but kept st the beginning of
the experiment wes to oblain as relisble v measnrae of norml
speech as wus possible. Fresumably the (&) condition was
not influenced so much by the other condltions in this way.
This meszure of norsal spsesh was necesssry to deteraminpe,
for future snuzlysis, whut the caount of disturbence is rfor

esoh of he other thirse condlitions.
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4, Analysls of Speech Ssmples,

After the experlment had been completed all the
apsech samples ander the four different condltions wers
tsped. These taps recordlngs hed te be trasseribed inso
gaentitetive mausures or speech vavrisbles for purposes of
anslyeis. &8lnce it hes slresdy been indicated that the
differenges are often dirficult to detedt, the ldes of using
a panel of Juldses to judsze the gpesch samples, hsd bean ahan-
doned. Instesd, it wes decided fo transoribe the tape re-
cordings by mesns of & high spsed graphie level recorder.
This would ensble & more objective ifntarpretatien of the
various samples. ﬁpilka,$ in investigsating the possibls re-
lationshipe betwean personallty makeup and the effectis of
delayed speech feedbagk, used six different volce variables,.
They were: per cen%t phonation tlae, mesn syllable durstion,
gesn vooel intensity, degrese of shange iz voecal iatensity
varianee, degres of inorsasing change in voesl integsity
varisnce snd dsgres of dedrsssing ochange in voeal intenel ty
varisnee, It woe found that only those varisblee, desling
with voesl intensity varisnce, correlated with personslity

characteristios, The first three verisbles mentioned dig

8 Bernard Spllka, "Relautionships Peiween Certuin
Aspecis of Personslity and Bome Voas) Zffects of Delayed
Zpeedh Feedbmok®™, Journsl of Epesch and Hesyipg Disordsrs,
VGlc 1?, l@ﬁ" Po 491"50
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not correlate with perscnallty aspects., 5Sinee thisz study
is not concerned with personsliiy sspeols - as & metter of
fact, the possible inflpence of this verleble should be
slimineted - 1t wes Jecided to take the first thres veriables.
The volee variables for this siudy ave therefore:

l. per cent phonution time)

Z. mean syllable duration;

3. mesn iutensiiy (adbove &n arbitrary reference
point).

In order to transceribe the tspe recordings ou paper,
the following procedure wes ussd: the Hape recording with
spsech semples was plsced on an Ampex tepe recordsr, model
620, Blunce this model dellvers a scustent output and it
iz not possible to adjust suy volume comiral, the velibra-
tion precedure wes extresely simple. It was noited that the
pure tons, which wes applied and recordsd befors each ses-
sion, registaered at & level of 28 deoibels above the arbi-
trery refersnce polut. Zvery time the pure tone was haard,
it wan transcribad on exsotly the same level, indicating
that the spesech ssmples from subjfeset to asubjeet could be
sompared,

The Ampax was then oonmected to & Briel & Kjner
spectrozeter, type 2108, snd the function sslector was adjus.
ted to the "Linear A" position to fllitar out scme low fre-
guenoy disturbence on the tspe in the form of ambient noiss,

The spectrometsr then fed & Brliel & Kjaer Level Reoorder,
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type 2808, It wes found that & writing speed of one hundred
millimetara per sscond for the pen, wes sufficient to react
to0 qulck changes in bthe spsaeh output. It also permitied a
elear transeription that could be zpalyzed essily. The pa-
per speed wae sdjusted for ten millimeters per sscond. The
tape resordings were thesr %rensoribed on paper whils the
experisenter monitored the cubtput on & separate set of ear-
phenes. The beglnuing zpd end of ssach condition wss indi~
eeted with & pencell merk to faollitete anslyslis. Howevsr,
the gondition wee not lodliosted on the peper untll ihe finsl
anpalysis for all thres varisbles hsd been completed, ihe
carder of presentetion of oconditiocns wes recerded during the
actual experisent and after finsl analysis the cundl tions
wers then marked on the paper. This was done to elisine ie
possible bles in the sooring sud snalysis of the spesch
trapseriptions.

In this way the spesch samples of all thirty sub-
jeots, sach with =ight aiffsrent conditions (four sondit ions
over two occasnions), wepre transcribed on peper. The thrsse
individual volioe variables were them caloulated from the
paper in the following mannars

a) Per cent phonstion tize -

Bince the paper spesd wase known to bes ten milli-
mevers per second, avery millimeter indicated one Lenth of a

sacond, The coverall reading time wes obtained by measuring
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the dimtance on the borizunisl axis from the point where the
pen left the zero msrk, up t0 & perpendicular that was
dropped from the peak of the last curve. This asthod ces~
pensated for pussible pen leg. 7The actuel phonsilion time
was then measursd by subtracting from the ovsrell rssding
tize all the perieds thset 4id not contain sny spsech., These
pariods were meusursd out is the sume way, by dropping &
perpendloulear from Lhe peak of the curve, just befere it re-
turned Yo the zsro sark (oo speech), snd messuring the dis-
tance belween this perpendlouier and the point where the pen
left the zero mark. A4LL the silent periods in the mpeech
were cbiained in this way, sdded, snd finelly subtracted
from the overall reading time.

In this way, overall regdling time and phonstion time
was obisiped for gll the npeech samples of the thirty sube
jeets, ¥ros these peusures per oent phonation tise was 0a)-

eulated as foellows!

This verisble will be celled varisble 1 in subsequent dls-
sussions. (See spresdix for measures obtalmed on variable 1.
b) Mean syllable duration -
7o obtein the mean sylleble durstion for 2sch of the
subjects on eseh of the eemditiona, the phonatloen time wes-

pure wae toksn =nd divided by the nusdber of syllables in the
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reading passage, 1,9., 187. %o siuplify prograsming for the
analysis this ssesure was exprassed in mlllieeconds, The
obtained syllable duration ip sstonds wes therefore multi-
piied by one thousend. This variable will be called
variable £ in subsequent discussions. (See sppendixz for
measures obitained on veristls Z,)

¢} Mearn intensity ebove an &rbiﬁraiy reference -

The range of the potentiometer uged on thw lavel
recorder was {ifiy decibsls, thus sllowing a maximum of
rifty decibels above ths zero polnpt. None of the speeth
seaples approached this level. Bince apy level indl gated
on the paper ie not an absolute msasure ln desibels, but
rather & relstive unsmsure in terss of the 2ero peint, auy
cbtained value from the samples should net be intsrprated
as deuinel., This la the reason why the wvariable iz expressed
in decibel above sn arbitrery reference (the zZare mark on
the paper). Blnce the abecludes value of shls refarence
point is not kuown, ﬁﬁw phtained values oannet be itrans-
formed into absoclute velues,

Te determine a mean point fer ihe curve suove the
heorizontal axis, the conventlone)l method of peask counting
was considered. However, 1t wss found that in scae speech
samples the variatlon in intensity was large end s meusure

based on pesk samples was not cousidsred to be too rellabls.
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It was ilherefore isolded %o use & compensnting polsr plsni-
moter w determine the whole syrea undey the curve.

Since there are some pbjeciiong ugelinst the use of
plenimetars, the fellowing tests were Tirst smade: a plani-
meter in the metric systom was asesd 40 trace an irrsgulasy
srea of onse hundred squars centimsters. It was found that
the error was less than one psr cent. This test was re~
pested a fow tiges and the diffesrance between cbtelnsd men-
sures was also less than ons per oent. This accursey was
esoribed %o a very smooih surfece on which the planimeter
was usod and a very siow amovement of the lnstrument in
traeing the curve.

Uslng thie btechnlique the curve for £ll the condi-
ticns was traced snd the aree undor the curve determined in
square centimeters. 3his was dlvided by the length of the
borizontzl ezis to give the meen helght above the zere eark.
Finally, this level was eipressed in torms of decibels sbove
an arbitrary reforasnce, This varisble will be called
variable 3 in subsequent discussions, (See appendix for

seasures obtained on variuble 3.)
5. #tatistical Design snd Hypotisases.

The genersl statlstizel approich used in tals scudy

is that of a triple cles:difization faotorial desiga,
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employing analysie of vorlance. The thrse vurliables used
were individusle, oocasions, and ocondlil ons.

4 mixed model, type arﬁ%ﬁuwms used ip this ﬁtuéy.%
Sinoce 1% is soeumed thet thore will be significsnt lndivei-
duel differences, no itest is perfarged for the sein sffect
on individuals, Sicilerly, no test of doubls intersetions
of Individusls by ccospions and indlividusls by condltiions
is performed. Alss, the triple lnteraction is not tented
for sigmificance., Ihe error term for the two remining
main effacts will bs a3 follows:

1. individual x pocasion intersetion for
the oogusloms;

2, isdividusl x csondition intersotlion for
the oonditions,

The one remelning doubls lntersstiom, oceasion x conditiocn,
will be testsd against the tripls interastlien.

Sinoe the fhree wiice variadbles are not sxpressed
in the zame units of messurement, separats anslyses will
be performed for euach of Lhs ibhree variables. 4lso, since
the perforsance of left- and right.sided individusls will be
compered sventually, thess two groups sre treuted separately.
81x separste analyses will therefore be performed; shree on

the three volce variables of the ten left-sided subjeetis,

4 fuinn MoSamer, ?gﬁ@ﬁﬂéagiegl Statieties, Hew York,
¥iley, third edition, 188%, p. .
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and three on the tweniy right-sided subjeets., Ian both
groups thers are two coousions swl elight conditlons. %han
any sigolirficant diffesrences for conditions ers found, a2 t
technique, which will be described in she followling chapter,
will be used to probs for the locstion of the signifiocant
differsaces,

Sinos the =2ain Iinterest of Lhis study iz to compare
ths volcee veriables undsr the §ifferent scaditions, and
especielly the (o) snd (d) oconditions, the null hypothesis
i2 stated a8 follows: <t(here are no significent differemcss
in speech beiween the different comditiorns, for easch of the
three wwice verisbles.

The seocnd oceasion is mainly used to Jetersine re-
1iability coefficients and no nall hypothesis ls stated for
dlffsronces batueen ocomsiona., Also, the oocasion by ceondi-
tions imteraction is ef mo partieulsr interest in this e tudy
and po epeseifie null hypothesis Is stated,

If, in the melin analyszis, there are indiostions
that the left-sided apd right-sided subjects bohaved
4ifterently from condition to condition, en snalysis will be
performed to compere the smmount of spesch disturbsnce be-
tween the two groupé. The proosiure will bs deseribed in
the followling chapisr.

In %he Tollowing ohepbar, 2 presentation will be

gilven of the analyses and rasulis.



CHAPTER 11X
THE KESULYE OF THE RXPERIMERT

The resulin of the expéeriment will mainly ba con-
sidered in terms of the hypothesis formuleated st the end of
the previous chapier, 8Sinoe Lhere are only two occasions
wiioh were used to debermine rellebility, ocessions will not
be considerasd in the malp effeeis., If s significant 4if.
ference is found for cocesions, visual inspeetion will dster-
mine whioh of the two oodssions had higher scores. Oaly
slgnificant differences for conditions will be inspectad
more closely end followsd up by subsequent § testa,

1. Reliasbility.

8inos the two groups wers sxpossed o exactly the
same treatment, 1t was decided 30 group thes tegether in de-
termining reliszbility soefricients. This slzo provided an
B of thirty which gives & more stable coefficient.

In determining the coelfficlents the raw scores on
each of the thres voloe variebles were correlatsd betwean
first and seoend ccossion. Therefore, condition (a) first
occesion was correlated with condition {a) sesond ccossion,
and 8o on. In this way, twelve corrslation coefficients
were cbitained, four for eauch variable. Tsble 1 containe the
obtuined coefficients where (s}, (b}, (o), snd (4) refor
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Table YI.-
Relisbility Ovefficlonts,

Variable 8 i ﬁz . L] : 1

1. (a)y B85S

(), 894

(e)g 838

(d) 901
2. (a), .o

(v}, 942

tel, 982

(4), . 954
B. (a)& L9583

(v}, 936

(o)g .931

(4) 987

7
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to the four sonditions; 1, Z, and 3 refer to the variables;

and the subseripts refer to the first or seocrd cocasion.
2, Analysis of Data for Maely Effect: Comdlitions.

A, Por Left-Bided Subjeots:

a) Per Cent Phomaetiosm Time: Varisble l.~ The cobteined
¥.ratio for conditions, as seen in table 11, i significunt
beyond the .001 level of probuability. This indiontes that the
scores obtained on the four 4ifferent conditicns differ signi-
ficsutly. The null hypothesis iz therofore rejected.

In order to probe for the exact locstion of the sigmi-
fisunt differences batweesn the means of the different condi-

tions, t tests wares used. The formuls applied wes:

Slgnlfi csnt Difference = t (p =.08) x o

Dire.
The formule used for the o wae;
nire.
2
(Tb |8 <
né

The varisnoce of the I x € interaction was used ap

2 of the above forauls. The valae

the error term for the O
of t {p = .08) was read Trom the % teble for s number of

degrees of fresdom torrssponding o thot of the error ters
used, L.2., twenty-seven., This way a minizum difference is

obtaiped that would be significunt bhetwsen the mesns of the
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Pable II.-

Apalysis of Tariance Table: lLeft-8ided Bubjlects, Variable 1.
e e — T
Source of Bus of Yst. of
Variation Squares 4f. Varisnoe ¥ F. 08B ¥.0

1 BO96.6666 (9) 232.%63
(Individuals)

,0246 (1) L0846 002 5.1 10.858

{ Cecasions)

¢ 1175,.4548 (8) S291.158 26.881 £2.965 4,818
(Gonditions)
IxO ¢1.5284 (%) 10.171
Ix¢ 398.8834 (27) 14.551
o0x 6 41.3554 (3) 13,7885 3.199 2,985 4.615
Ix0x 0 116.5816 (27) 4.309

Total 3812.2746 (79)
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conditiona et the .00 level of probubility, The same pro-
cedure was followed, using the value of ¢ (p=.01) in the
above formula to obtaln & minimum differsncs thet would be
slgnificsnt et the .01 level of probability. Teble 111

sumnarizes the regults of thies snalysis,
It d8 found that any of the three conditions where

delayed Teedbock was employed, differed sigmificantly from
condition {a) where there was no delay. These Giffersncoes
are all signlifiant beyoud the 0L level of probability. How-
aver, the two conditicus thet are most importent in this study,
sondition (o) and condition (4), 414 not 4iffer significanily,
1t can be obassrved, however, bthat ln the above forsuls no
gorraction factor wag introduced to aevcunt ror correlations
betiwesn conditions, If a correlation coefficlent is used ss
& corrvestion factor, 1t should be a multiple correlation co-
afficient, baped upon all elght conditions, This is 2 tedious
procedurs and it wes declided te perform s separaie apmlysis of
varisnce on the level of conditions (o) and (&) aloms. This
way 1t could be deterained whether true 4ifferences between
these conditions were mssked by larger differsnces betweasn the
other eendl tions. The molel employed was exadtly the sume
as the previous, using only conditiona {¢) =nd (4) end
sdjusting the forzules to L1t ths sasller mstrix,

Table IV inpdicales that ne significant differspces
exist betwsen sconditions (o) snd (4), snd the null
bBypothesis is thersfore spcepted.
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Evalustion of the Ulfference of Heans Betwazen Condlitions for

B A e i o i o A b

Left-flandsrs, Variable 1.

onditions deen Values  Difference Significant
Uged “ouparsd Differance
a - by 73.118-88,838 1z.21¢ Yes, .01
8y - 0; 73.116-84,187 §.041 Yes, .01
a; - 4; 79.136-81.778 8,662 Yen, .00
b; - oy 55 ,385-82, 187 3.178 No
by - &) 66.3556-81.778 3,567 Yes, .05
o1 - 43 82,157-81.778 .37%  No
ag - by 78, 552~-84.118 8.563  Yes, .01
ap - op 75.588.81 . 2560 5.648 Tes, .OL
ap - 4p 75.668-81.596 &.044 Yes, .01
by - €5 £4.115-81,2506 2.865 Y¥e
by - dg £4.115-81.598 £.8519 Yo
ep - dp Bl.250-81,596 046 Ko
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Table IV.=-

fnalyeis of Verianes Teble; Fevaluation of the Difference of
Hesns Betwsen ﬂ@nditigpﬁ {g{ agﬁ (4) for lLeft-Handers,
nrisble 1,

——— e e e e s

Boures of Sum of ¥at, of
Variation Souares df, Variance ¥
1 1017.446 (¢) 118.05
0 2.959 (1) £.959 . 584
¢ 008 (1) JO0R L0008
Ix¢ 58,9458 {9} 4.387
Ix¢ 28,269 {9) 3,141
0x ¢ 1.81) (1) 1.311 LBL7
Ixox ¢ HE.BBY () E.586

Total 1111.756  (39)
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b) Mean Hyllable Duraticn: Variable £,- 'Table V in-
dicates that the cobutulped Foratlio of 12.212 for eondiiions
ia sigrifiocant beyond the ,001 level of probability.
dubseguent § tests, by the method alrsady describesd, indl-.
sate significsnt aifferences bBetween sll conditions compared,
except conditions (o) und (d4). (Ses table VI.) These
differences are all significunt et the .01 level.

In this analysis there is resson to suspedt that
the very large differences beiween gsonditlons {(a) =ud (b)
asy mask true eignilficsnt differences beiween conditlions
(e) and (4). A separats snslysis of variunce is thersfore
again perforasd on the level of these two condlilions alonws.
Table VII indicates that the differsnve betwesn sonditions
(c) apd (4) ia significant at the .0L level of probabilisy.
The null hypothesla 15 therefore rejscted end 4t 18 con-
cluded that the mesn yllabls duretion wae sigeifidantly
longer under condition (d4) than under cenditiom (o).
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e e o ot . e e e T S AT b 11 Ve o ot o= g o b e et I By e AL b -

THL BILUL w O
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Socurce of Bum of Bat., of

Variation  8quares 4f. Taeriance ¥ ¥, 08 Fr.01
I 280939.888  (¥) 31815.548
O 1s568.838 (1) 1585,.838 3.928 5,12 10.86
¢ 218371.0868 {3) 70790.548 12.218 2,965 4.815

izo 55a0.162 (%) 398,684

ix¢ 156508.068 (27) 5796.594

0x¢C 407,962 (%) 158,920 LB52 2.968 4.815

Ix0x¢C  4%09.888 (27)  159.618

Total 859690.438 (79)

i

vt o
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Fable Vi.-

&b

fvaluation of the Diffesrence of Measnsz Bastween Sondi ticns for

Left-Handers, Variable 2.

6eaditi;;; ‘lﬁaan égiaaa Agzgfaran;e Significant

Usead Compared Difference
a; - by 164.251-314.960 150.709 Yos, .01
2y -9 164.881-228,.958 58.701 Yes, .OL
8y - & 164,251-2350.078 65.827 Yas, 0L
bl ¢y 314.960.288,9588 9Z.008 Yes, .01
hl di 514 .980-230,078 84,882 Yes, 0L
ey - 4, B22,952-830,078 7.126 Ho
83 - bg 182,.007.299.960 137,953 Yoz, .01
ap - Gg 168.007-213.888 81,850 You, .01
a; - dp 162.007-881.023 59.016 Yoz, .01
bp -~ ©p 299.960-813.858 86.102 Yss, .01
bp - dp 299.960.221.028 78,937 Yes, .01
¢g - dg 2135 .858-281.058 7.166 Ko
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Analysis of Variznee Table; Zvaluetion of the DAfferemte of
Heans Between Conditions (o) snd {4) For Left-Handers,

Variable 2.
Variation 8quares 4f. Variance F F.06 F.01
I 108477.240 (9) 11719.893
0 B23.442 (1) 823,442 4.267 5.12 10.58
G 510.827 (1) 510.527 14.435 5.1 10.56
1x0 1736.8988 (9) 192,988
i1x¢ 318,303 (%) 35,5867
0x ¢ 081 (1) .0B1 L0028 5,12 10.56
Ixox¢ geg. 786 (9) 32,976

Total 109163.270 (39)

i
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¢) Hean Invensliy above an Arbibrary heference:
Yariable 3.~ Table VIII indicates « slizmiricsnl differvnte
betwean oconditions beyond the .00l lavel of probabllity.
The null hyposthenis la therefore rejected and subsequent
t testa indicate the location of significant differesces
batwean ths ¢ondivions, table IX., JAgaln, all condltions
comparved 4iffer significanily except conditions (o)
and (d). Since the differances delween thess conditions
are poi very big sud the differences between the other
conditions ars clustered around one point, no furthor
analysis is parformed on conditions (o) and (4). ‘the
null hypotheslis is therefore mogepted for differsnces ha-

tween these two cvonditions.
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Tﬂhlﬁ miq"'
inalyeis of Verisnce Table: Left-8ided Subjects, Variable 8.

Forietion Squspes  df. Yerionne ¥ F7.05 PF.0L
1 844.4698 (%) 95,829
) 7.5398 (1) 7.589 4.368 6.1 10.56
¢ 1874.2008 (3) 624.783 125,072 3.985 4.815

Ix0 15,8389 (%) 1.726

IxC 137.0142 (27) 5.074

0x ¢ 7.2877 (3) 2.689 2,288 2.965 4,618

Ixox ¢ 31,0841 (27) 1.150

Total 2917.8028 (79)
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Zvsluabtion of the Difference of Hesne Betwesn Condl Lions for

Lerv-fHanders, Variable 3.

ggﬁgltlans %gggaziéuaa Uitfersnce giggéiéﬁggﬁ

& - hl 9.867-83,728 14,08 Yes, .01
&y -~ 6 9.67-17.67 8,00 Yoz, .01
8 - 4 9.67-18,42 8,75 Yes, .01
by - 8 23.98-17 .67 6.08 Yes, .01
by - 4 23,72-18.42 5.80 Yor, .01
oy - a3 17.67-18.42 78 Ko

gy - by 16,.05-23,80 13,17 Yes, .0L
a, - ¢p 10.03-16.59% 6.3 Yas, .01
8p - dg 10.05-17.44 7.41 Yes, .01
bp - g 23.20-16.56 6.84 Yes, .01
By - dgp £8.20-17.44 5.78 Yer, .01
oy - dy 16.36-17.44 1.08 Ko

cus

apnpiie
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B. For Right-Sided Bubjlacis!

a) Per Cent Phonation Time: Variable l.- The ob-
tained P-raulos in table X sre sll signiricent st the .01
level of probebility. It iz observed that o¢casion 2 had
significently higher moorss Chan oocasion 1 =nd thst ths
first order interustion, U x O, is ulse signiliocunt st the
0L lavel. This difference will be observed ¢loser in a
subgeguent sactien,

Binee ths sonditions 4iffer significsntily, the null
hypothesis iz rejscted and the sxsot locstion of signifieant
differznces hetweesn conditiong 1s indlested in table XI. The
sazne technigue has boen umed that was desoribed in analyzineg
data of left-sided subjects.

The mein asnphesis f2lls on the differencs bLatwesun con-

ditione (o) znd {4) and it s found thet ‘hey 4iffer oignifi.
cenily at the .05 level fer e {lrst cceaslon bubt met for the
ssoopnd cceuslon., It should be rspesbered thet no corrsction
fastor was used in prebing for 4iffaronces znd the posaibllity
exiets thet true differepess mey dbe masked by large differsnces

when the dz2ta is trastad together. A separate suslysis of
varisnce is therefore periormed on the level of conditions (o)
and (4) only. The sams model ls agein umed, sdjusting the
formules whare nsgessary.

Table 11 indigetes thot the differences Detween oondi-
tions (o) und (d) sre signifisent at the .00l level of probability,
The null hypothesis iz therefore rejlscted agd it is concludad
thet the per cent phonstion $lae wes significantly hishsr under
sondition (d) thap under Comditiom (o).
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Tﬁlﬂ& Xt"
Analysis of Variance Table: Bigbht-Blded Subjlects , Variasbls 1.

Souraos nf Sum of Eat, of

Variation SBguures 4f., Veriunce ¥ .08 F.01
i 4891.46 (19) BB7.44
o 83.78 (1} 98,78  85.058  4.41 8,80
¢ 4968,58 {8) 19596,17 88,00 £.76  4.12

Ixg 50.8% {1%) 5. 87

Ix¢ 1878.49 (57) 24,18

o0x ¢ 167 .88 (3) B2, 80 #.08 K76  4.1%8

izox ¢ 30,87 (87) 5 .80

Total 11681.77 (15%)
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PTable Xi.-

Byaluation of the Differsncee of Means Between Copdiilons for
Right-Hsnders, Variable 1.

e o
Conditions Kean Veliues Pirtereapce Significunt

Used Compared Differesnce
‘1 - hl ?@-753«'&3‘7.%@ 1&-257 YESQ -gl
8y ~ 9 70.752-82,408 11.688 Yoz, 01
4 - &1 70.758.85,543 14,781 Yez, Q1
% - ﬁl 8% .408.88,543 3.188 Yos, .08
&g - hﬁ 75.060-87,958 12,298 Yoz, 0L
g - @p 75.680.88 804 7.144 Yas, 01
gp - dgp 75.860-85,412 e.782 Yoa, .01
bﬁ - ﬂg 67, 958-8B8 418 2 .546 Fo

op - tg 82.804-85,412  8.608  Wo
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Tebie X11.~

Agelysis of Variance Table; %Tvalustion of the Differense of
Maone Betwean @mﬂﬁi%ia&% {e} an&l(é) for Right-Handers,
ariable 1.

Source of Sum of Zsb, of
Variation  B8quares 4f. Varisznoe ¥ ¥.01 ¥.,001
1 B368.808 (19) 124.358
0 568 (1) 508 008
¢ 164.847 (1}  184.847 15.998 8.18 15.08
Ixo 186.628  (19) 6,665
Ix¢C 1e8.888 (19) 10.508
0x ¢ 1.378 (1) 1.373 <343
Ix0x¢ 75,968 {18) S.998

Total 2U27.845  (79)
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b) HMesn Syllable Duration: Veriable £.- Table XIII
indlcates thet a elgnificant differsnce existe beilween the
conditions and the pull hypothesis should therefors be
rejected, Probing for the leoostion of signifiesnt 4if-
fersnces, table XI¥, reveals that zl)l goniitions, exeept
{c) and (&), dlffer significuntly from each other, These
differsnces asre sigoificant at the .01 level.

Table XV contains the resulis of s separste
enalysis performed om conditions {o) anmd (4) elone. It
is observed that thsy 4lffer algnificantly, the 4ifferencs
being elgnificant »t the .06 level and eppresching the .01
level. The mull hypothesis is therefore rejectsd and it
is sonsluded thst the mwen syllable durstion was signifi-
oantly longer under condition (4) than unier condition
{a).
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Table XIII.~
Anslysis of Varisnce Table: Rlght-Bldsd Bubjects, Variable 2.

Source ¢f Bum of Est. of

Variation Sgusres 4f. Variance ¥ F.08 ¥,01
1 198323.91  (19) 10L74.942
0 445.14 (1) 443.14  1.316 4.41 8.30
¢ B571728.74 (3) 123007.913 85,548 £.78 4.12

1zo0 6399.9% (1%)  3%6.841

IxC B826568.89  {57) 1448.392

0x 0 1174.16 (3) 391.386 £.498 2.76 4.12

Ix0x¢ 8929.81 (57) 156.663
Total 664553,14 (159)
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Table LIV,
Evalustion of the Dirference of Hssus Between Bondistions foy

Right-Hapders, Veriable B,

76

o w02
g:igitiaﬁa gzzgézzéuam Differance giﬁgéiégigt
8 - b 156.9¢7-299,.587 142,680 Yon, 0L
8y - 8 156,087-8808.4458 2 71.478 Yes, .01
8y - & 156.907.259.846 82,679 Yes, .OL
Bl - 0y Z09,.587-828,.448 2 71.142 Yasm, .0}
by ~ 4y 299 .587-250.646 59.94) Yes, .01

oy - &y £28.445-.259.046 11.20) Yo

ag - by  162.717-801.909 126,192 Yes, .01
ag - og 162.717-824.381  6).61¢ Yes, .01
ag - dg 162,719 -838,388 69,805 Yes, .01
by - Gy 201.909-284.381 87.578 Yas, 0L
bg - dg EGl.909-838.382 59.587 Yoo, 0L
og - dp 224.58)-258, 382 8.081 Ko
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?@b}.ﬂ ng -

Anglysis of Variance Tsble; Evaluation of the Diffsrence of
¥asns Between Conditions (o) apd (4d) for Rlght-Punfars,

Veriable 2,

Tat, of

gigizzigg g;gagga af. Yasrliance ¥ .08 ¥F.01
1 110851.284 (19) 5807.968
o 647.599 (1) 647.8599 3,757 4.8  8.18
c iess.s02 (1) 1853.502 7.406 4.38 8.18

Ix0 3275.503 (19) 172.384

Ix¢ 4755.400 (19) 250.284

Dx¢C 49.280 (1) 46.290 425

Ix0xC 2208.582 (18) 115.945

Total 123135.810

{79}

77
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¢) ¥ean Intenalty Above an Arbitrary Reference!
Yariable 3.- The resul.:s of amslyslis of this vurisble is
contained In teble XVI. It iz observed thet the two
cocesions Giffer significuntly, oocusion £ belng higher
than occasion 1. The conditious sre mlso significantly
different at the .0l lmvel and the null hypothesis ise
rejsoted.

Pable AVII contelps the resulé of probing for the
lecation of ditrfsrences hotween condisions. It {s found
that all the conditions, except conmditicans (o) -ni {(a),
dirfer signiricantly at the ,01 level of probability.
Since these differences all clustsr sround one point snd
since the diffsrences Hetwsen conditions {(e¢) and {4) are

very small coapsred to the others, mo further suslysis

is performed on themse two sondlitions. The null hypothesis

78

is therefore egcepted on the level of conditions (e} =sad (4).
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%ﬁbla m [ Yaadd
Analysis of Verisnee Teble: Eight-8ided Bubjeots,Veriable 3.

Source of Bum of Est, of
Varietion Squares ar. Yariance ¥ ¥.05 ¥.01
1 3869.5143 (19) 203,658
0 54.702% (1) 84.708 33.55 4.41 8.%0
c 3492.6923  (5) 1164.230 149.90 2.76 4.18
I1x0 30.9787  (1%9) 1.830 |
Ix¢C 442.6767  (57) 7.768
6x0 5.7317 (3) 1.910  1.759 2.6 4.12
Ixox¢ 81.9008 (57) 1.085

Tetal 7958.1803 (199)
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Table AVII.~
Bveluation of the Difference of Heans Beltween Condliions for

Bight-Henders, Varinble 3.

80

Conditions Haan Values Pifference Significant
Used Compared Difference
& - by B.818-21.57¢9 13,087 Yes, .01
a; - o 8.318-16.%26 7.914 Yes, .01
8 - 4 8.312-16.636 B.324 Yes, .01
by -~ & 21.379-16.288 5.1568 Yoz, .01
by -4y £21,376-16,.636 4.743 Yes, .01

ey - 4y 16,.526-16.636 410 ¥o

a; - bg %.887-28.887 15.130 Yes, ,0L
&g - Gg @.687-17.048 7.818 Yes, .01
ag - dg 2,827-17.405 7.578 Yes, .01
bg - 0 82.957-.17.042 5.918 Yoz, LO0L
by - dg 28,957-17.405 6.552 Yoz, .0)
g - dp 17.042-17.408 563 Ko

B S

i

PSPASAS T
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3. Aunalysis of Data for First Order Intersction:
Occasion x Condition.
Altheugh no speeifie null hypothesls was stated for

tae first order interaction, it is observed in tables Il
and X that the obtsined F.rstios sre significsnt at the .08
and the .01 level respectively. 7Thiz pecurred only on
varisble 1. The ssme probing rechnique was used, however,
asipg the error term of the triple classificstion for the 0‘2
in the formula., It waz found that for both left~zided and
right-slded {ndividuals, occssion 2 was significantly higher
on sondition {a). Fer the left-sided subjects, this 4if-
ferance was significent at the .00 level, aznd for the right-
sided subjecis, at the ,01 level of probability. ¥e other

plgnificannt first ordsy interactions were noted elasswhere,
4. Apalysis of Data for Uomparison of Oroups.

At the end of the previcus chapter, it was staled
that the two groups wilil be ¢ompsred 1f there are indicstlons
that they performed differently en the thres wvaioce varlablaes,
Previous analyeis revesled that betuwsen condltions (o) and
{d}) there were signirficsnt differencss for both groups on
verisble £, sean sylladle durstion, znd no sigsifiosnt dir-
fersnces for either proup on veriable 3, mesn intensity.
However, on variable 1, per ¢ent phonation time, the (¢) and
(d) conditione differed very significantly for the risht-sided
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group but not for the left-sided group. This sugiests the
possibility of a slgnificent differsncs belwesn the groups
which will not be ilnvesilgated.

Flgures &, ¥, apd 8 compare the ssans of the ftwo
groups on the dlfferent conditions for esch of the three
vplos varlables, Pigure & suggoestys thei the grestest 4if-
fersnce be ween the twe groups iz eon wvarisble L. Flzures
7 and 8 show 2 c¢loes resemblance in the parformsnce of
the two groups. The provlem under investigation is
to determine whether Lthe mesns of the left-zided group on
sonditioms (b), (¢), and (4) aiffer significently from the
means of the right-sided group on the mame condliicnms,.

Ths amount of spesch 4isturbanoe Cuused by various sgounis
of delayed feedback will therefore bs sonpsred belwesn the
two groups.

However, aince svhers is & strong suspieicn that
the two groups were pot bthe sume Lo stert with, ss can
be inferred from thelr psrforseuce on coadition (&), this
will heve to bs considered in the compurisca of condl tione
{v), (o), snd (4). It is therefore descided to werk with
dirference soores, where sondltion {a) will be subtracted
from the remsininz thres conditions. ‘These §ifferences

will then be compsred betwsap the two groups. Eaxemar;

8z

1 Ruinn HolWemur, I’amg%ﬁ@;ieal Biatistlos, New York,
Wiley, smird edition, 1962, p. 105,
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Figure 6, Mean scores for left- and right-sided
subjects on Variable 1.
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Figure %, Mean scores for left- and right-sided
subjects on Variable 2.
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24,

AL B G D0 A B, G b
CONDITIONS

Figure 8. Mean scores for left- and right-sided
subjects on Variable 3,
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suggests thut when ochanges like Lhese are coampered, the
procadure is exagtly the same a3 that for tesiing the
differsucs between two indepeudent mesns, X is oply re-
placed by 0, & differsnce score. A simple § teet will
be employed, using the forgula for unocorrelated and
unegual groups,

Thae null hypothesis {2 stated sz follows: Thare sre
ne significnt differences in chunges from the (z) condition
to conditions (b), {c}, and (4) betwsen the left-sided
end right-sided subjecis for zuy of the volee variables,

Table ZVIII summerizes the findinsge of this
apmmlysis, It i1s cbssrved that only cne sigaifioant 4if-
forence in chenges was found: the chacge between comlition
{a) and condition (4) wss signifionntly smeller on verisble
1, cecasicy 1, for the lefi-sided subjeecite Lhan for ths
right-gided subjeots. Ihis difference wae signifiesnt
st tha .02 level of probabillity and the null hypothesis
iz thersfore rejfected in ihis csse. In gll the cothar
tests perfaraed, the null hypothesis is asecepied since

8o significant diffarenceswnre found,
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Table XVIII.-

Comparison of Differences in Chenges Hetwesen Left-8ided and
Right ~-8ided Subleots.

Veri- Conditions DArf.Between Diff.Between Diff. Signi-
able lUsed Mesns for #eans for hetwoen Flousnt
Lefv~3ided B. Hight-Sided 8, TUfL,

1. 8, - bl 18.819 18,357 4,038 HNo
8y - 8y 9.041 11.656 £.618 Yo
8y - 4, 8,868 14.791 6.129 Yes
ag - bg 8.563 12.298 $.738 Ko
agz - Op 5.648 7.144 1.496 Ho
ag - dp 6.044 9.752 2.708 Ho

2. g8y - by 150,709 148,820 B.088 Ho
a; - ¢ 58,701 71.478 12,797 %o
6y - 4y 65,887 BE.679 16,852 Ho
e, - ba no test

3, no test




THE RELULIS OF THY BAPERLIINT BE

In the fTollowing chaptey, the resulis of the
enalyses will be dlscussed in the light of theorsticsl sssump
tiona stsied in the first chepier. The ordaey of dizoussion
will be the same as the order of the presentution of the

resulis,



CHAPIEBR IV
DISCULBINN OF THE DATA

In this chapter g Alscussion will be msde of move
important fipdinge presented in the previous chspter. Since
the maln concern of the study ia the comparison of spesch
semples under four d4iffesrent eondi tions, the disouselon of
findings will emphsasize this aspect. The left-sided snd
right-sided groups will be discussed sepuTately and the
ocnclusions will be integrated in a finsl section.

1. Discussion of the Muln Effect: Conditions.

A. lLeft.-Bided Subjects:

It was sbown In the previoua ochapiter thal om varisble
1, per cent phcnation tlame, speeeh under any of the experi-
mental condi ticens (b), (e}, end {4), differed sigmrificmntly
from norsal speech, condition (a). This was alse trus for
the second ocossion. All theass 4&ifferences were signifiosnt
beyond the .01 level of probability. This indloates the
amoust of speech dlsturbance that cen take place by inter-
fering with ihe monlter om a temporal level, This difference
ngs oeourred constently throushout the experisent , slesc with
the right-sided zroup. Ho fuiture referencs will be made %o

these 4lfferencer Bince tley are interpreted o demonstrate
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that various degraes of deleyed suditory feedbaock 4v inter-
fere with mpsesh on the varlables investiguted.

Throughout the experiment condition (b) ~ binesural
delayed fosdbuck - has caused the greatest cmcunt of speeoh
disturbspes. The sbsenve of spy ¢lus t¢ sontinus normsl
gonl tering of volee cubpat ie probebly respossible for this.
Thia phonomencn can be ezxplained by the closed loep caontrol
gystea for spesch, disoussed in the first chapter. Whe
arror sigaal fed o the mizer remslns unaltsred zpd dves
not return t¢ zero., The moat lamedlate result is = slowing
down in ihe tespo of apeech output to compensste for the dis-
tarbence on the temporsl level., This iz noticed in & longer
phonstion time primarily, but also in ebservable hesitstions,
repetitions and peuses,

However, the main ocomcern of the study is & sompari-
sonr of the two conditions of mosanural delaysd audl tory feed-
boek, conditions (o) and (4). ‘Thess two conditions affecied
spesch leas seriously then 4id the copditien of binasural
delayed feedbuck, This L& expluined in tems of the dirset
fosdbaok on the opposite ear thatl permitted & ¢lue for con-
tinuation of normal spessh aonitoring.

4 cemparison of the amount ¢f speech disturbanoe
under theze two conditions de not indicate a slgnificent
difference in the per cent phonsilon time. Since per gent

phonation time ls aciually = ratio of the phonmtion tiame
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to the overall rewding time, this finding camnot bhe pro-
perly evalusied without taking inte eoasidersiion phopation
time, It ls obaserved fhut the phonstion time, ns expressed
in mean sylleble duration, is signifiesntly longer for

the (4) cvondition than for the (o) condition. The per cent
phonation time therefore 414 not chonge siganirficuntly de-
tesen the iwe conditions bessuse e ratio of phonation
time %o overall time recained relatively unchanged.

This finding is intszpreted to indicete that the
dominant sar dlerupted speech sigplficantly more when ox-
posedl 0 delayed fesdback, shan 4id the non-~dominent ear.
This disruption was noticesble ip a longer mean eyllable
durstion, but net in a longer phonation time ratio. It mus
hypothesized in the firast chopter thet speessh would bs more
seriously disrupted under z condition of monsural delayed
feedbacok to ihe aszunmed domivant ear, than to the wssumed
won~dominont esr. Since L1t has basn proved before that the
ear contralateral to the speeck centre (doazinsnt ear) is
more efficlent in oconveying messeges, it stends fe¢ resson
that this esr is alsc more officient in momitorinz spsech
output. The observed dlsruption of epssch could therefore
paly ocour when the speeoch centre i2 loczied in the hemi-
sphers contraleteral to Lhe ser that racelvad the delayed

fosdbuok., This sur ls called the domlnanit sar and for the
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loft~sidad group 1% ls the left sar. Thevslfore, in view
of thess rindings, the lefi.zided group has right serebral
dangusge laterslivy.

On varlable &, mean intensity, so signif{osnt 4i7-
ferances bsiweaen the two coundilions of smemaural delayed
fecdback were found. 1 has been poinied oud before that
differences betwoen the sfficienay of the two ears are 41~
ficult to degonstrade. It ls therefore assumed LRat an
ianterferance on the tepporsl level of the two sspsrate ears
does not slignilicantly interfere with apecvh opn the lntensl by
level. Teamporal sulitory interfersnce of separvaie ears only
produces sigpificent temporal 4lsturbance is apseeh, though
this iz pot the oses when the temporal interference im

profuced binaurally.

B. Right-Bided Zsblects:

FPor the vight-eided sublects it le slase cbeerved
that t(he sesn syllable durstion le significsntly longer when
the domlnant esr iz sxposed to delayed feedbaok than when
the non-dominant esxr les exposed to delsysd Teedbusk., Again,
this can opiy occur when spesch is represented sontralaterally
1o the esr thabt received the delayed slgnel. For the right-
sided group the dominant esr 1a the right eer and it is
therefore concluded that this group has left cersbral
languasge laterslity.
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It 18 also observed Lhst asother variaeble, per et
phonation time, was semsliive is ploking wp the dlfference
between ihese two conditlone for the rlght-sided subjects,
The condition of dslayed fesdbsek to the dominant ear pro-
duced & significantly hizhey per geni phonstion time than
for a delayed fsedback to fhe non-dominent ear. This 4if-
ference was slazuificent at the 001 lsvel of probebility.
Since the ratio of phonstion Yime to overall time is =zigni-
ficently longer for the {4) sondltion bthen for the (2) oon-
dition, it is conc¢luded thet the (4) condition had eoupars-
tively shorter rest or sllent periods. This is also inter-
preted &8 an indicution of speseh disturbance produced by a
delayed feedbaok i ths domipant ear. This signifisant
geault wza not found for the left-sided group.

The results of varisble 3, mean intensity, corres-
pond very closely to those of the left-sided group. The
sape explanstion offered for the left-sided sroupy applies
here. ©On the level of aonzurasl tesporal interference with
suditory intske, ths result is only observed in temporal
speach disturbance.

2. Uiscussion of the Flrst Order Intersction:

Qocasion x Condition.
A slgpifioannt intersotion between ovtssions spd cofie

ditions ocourred only om varisble 1, per cent phonation time,
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for beth left~ and right-slded groups. Froblag for the
spaceific condition thet interasted aizlfliowntly with the
ocessions, revealed that Tor both groups, the {(a) condition
{normel spesch) had e higher pur cent phonstion tlas on the
seoond oveaslon. The differssce wee aignlficent st the OB
level for the left-slded group wnd at the .01 leval fopr the
right-gidsed arouyp.

A possibvle esiplanation for this fipding is thet this
vaviable is probably sezaibive o payebologlual festors. Ian
the re-teating the aubjecis knew what o sxpedt and wers
taking measures o resist cvhe eflect of i1he delayesd fosd.
bask. £imce comdition {(a} wes alweys the rirst copdition
during rs-testimg, whis wes reflested in thelr nopsal
speadhi, A higher per sent phonation time indlesies sherier
stops and rest periods and LY sesme reasonuble et esotionsl

faciors can produce this.
&. Disousasion of the Coupariscn of Groups.

1t was npted fn the spalyeis of dets, apd in the
discussion, Lhat the loft. snd right-sided zroups d4ifferad
only on varlaeble 1, per cent phonation time. An snalysis
of the differounce in sbanges belwsen the LWO groupns reveasled
only one significunt differevnce. This ccourred in the amount
of chenge from novmml speech Lo ¢ondition {4). 'The right-

sided sublects showed z significantly grsater inerssas la
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per cent phonntion time from normal speech Lo delayed foed-
baeck on the dominmmt ear, “hen 434 the left-sided group.
Thie differonce wan significant at the .08 level.

Binos this ie the only difference betwsen the iwo
groups that could be found snd since the possibllity exists
thet this veriable is sensivive to paychologiosl faotors,
eny explanastion sheould be mesde csubtiously. 1t aay be said
that thls éifferescee wus caumed by a 4difference in test
teking sttitude betwesn the groups, but this idpes not ex-
plein why it oould not be Found i the compurison of other
changesa. It is felt, therefore, Lthet in the light of the
lerge 4ifference in pusbers beilwesn the twe groups, end Lhe
leck of consistent evidente, Lthe uppurent dlifferente between
the twe groups sghould bs sszoribed to unknows or chunce
faclors.

Attention will now be turnsd to the sumsery and
sonclusions where the acst importent Pindings will bde
presented brisfly.



BUBMARY ARD CONOLUEIONS

A survey of the lLitersture hes lndiosted that right
heaiplegia with aphasis 18 & mueh mere Lrequent coourrencs
than is left hemiplegis with sphasia. Usthods of slaatri-
eally stimuleting ¢ertain eress of Lhe exposaed cortex slso
suggested that speesh is usually represented lu the lait
hemisphere, asven for lefi-handers. Right cerebral lenguage
1s terel ity is regarded se ag extvremely Trure pegurrencs and
independent of handedness. These ebuervations heve bLeen
made on patients with spileptegenie lesions and cerebrsl
demsge o¢f the apsech arsss,

1% wes the msin conoern of the present study teo in-
vestigate auditory duminance spd cerebral language laterality
with two groups of normel left-slded ond right-sided subjects,
These sub jests were sorsened op leterality tests =nd only
those sublecis that showed a cemsistent lsft or vight pre~
fersnce for hands, syes, snd feeb wars used., A mensurs of
auditery dominance wasz alsd lntrodused and left-sided zub-
Jests had to demomstrate superior soulty scores on the left
sar snd right-2ided subjects on the right esr.

it was hypothesized that the left-sided group has
right cersbral language laterallity snd thet the righi-sided
greup bas lsft cerebrel languege laterality. It wes
indjcatad in the roview of the llitersture thet the orossed

auditery pelhways avre zors numercus than the undrossed, and
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that the ser cemntreladersl to the spsech ¢sntre is movre
efficitent in scaveying meseages than s the esy ipsilesteral
t0 the spseoh ceatre. It was Lherefore assumed that the

sar contrulateral te the mpsech ccntre {dominant sar) will be
mors sfficlent in monitoring the speech cutnrut tham will

the pon~dominant sar,

A methed of sopsural deloyed suditory fesdbuok wea
used Lo interfore wiih speech asnd the vresulls were anslyusd
on thrse veriables. Xt wsa found that both laft- and right.
sided groups hed a longer measn syllsble duretion when the
delayed feedback waz presenied to the dominent say then when
it wak presenied %o ihw non~-dominent sar. This 4ifference
was significsnt at the 01 level for the left-~sided zroup
and at the .09 level for the right-sided group, approsehiang
the 0L level. The right-alded group also showed s signifi-
cant inerssse in pey ¢ent phonsition Lime whep the dominmt
war received ihe delayed feedback ss oompared to =z stisalus
presentation on Lhe nes~deminsnt ssr. The left-sided group
414 not descnstreie this difference. The apparent Alfferance
betwenn the two groups on ibis pelipnt was ancribed Lo unknown
or chupes factors dus 0 a ladk of imsufficient evidense
$0 explaiy 1%. The varlable on mesn intensity was not
sufficiently sensitive to demonsirate the difference bBeitwesn

pars when interfereace wes presanted on the temporal level.
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It in therafore consluded thet the observed spesoch
dls turbances eould only cdour in this particulsr relationsilp
if the hypothesir of serebral languege latarslity is sceepised,
The following impiicetions of tihie finding sre sugzesisd:

1. The presence of avditory deminspes on the level of
speech mopitoring sppears to be an seesptable Tinding.
B, The possibility of desimant ear lapelrsssd in soss
forms of speath digsbilities should he periocusly
considered.

8. A servosyatesn theory of the speesh mechenism should
be revised, allowing fer Aifferent 'nepsors of the two
ears und Shel r commeeiions %o the speech centire,

4. The axietence ef right curebrsl lenguzge lsterae
1ity has besn demonsirated with norasl sabjeoats, It
appears o be & less undcamon phenomensn ithan wan
previously suggested. 1% may even be the prevulent
form of speeeh reprssentaticn with vaturzl lefi-sided
poople. Hewrsver, it is 2%ill agreed that this ig a
less oosamon ogourreazce then is left-handednsss,

5. The present siuvdy wee not denigned to deteraine
the possidle relaticovahips between ssdliery dominance
end cersbrsl language luterality. Latsrel prefersnces
were controlled in ihis study ssd no csusal relutlon-

siips bevwsan cersbral lenguege laterality snd eother
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laterslity chersoteristics ssn be postulated, It is
atrongly suspected ihat sudltoyy dominsnce plays &
role and & study should be performed where laterality
sharacteristics are manipulated insiead of being
eontrollad.

8, WPinally, is normal right-sided sabjeots left.
serebyal lapngusge laierslity is evident and im normsl
Jeft-sided subjsote right corsbral longuage laterslity
is evident. This wes Tound for & group of subjeots
betwaan thirteen snd elghteen yoars of wge. 4 study
should be perforsmsd whers this phencaenon is investli-
gated &t various age levels Lo detormine when verebral
lanpuage laterslity is esteblizhed,
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APPANDIX 1
READLEG PASGAGE USED IN THE SLPERIMEETH

Vhen the suniight strikes raindrope in the air, they
a0t like a prism and form e rainbow, The rTeinbow is =2
division of whitve light into many Yssutifel colours, These
take ibe sbape of a losg round areh, with 1ts path high sbove,
gnd its two ends sppasrently beyond the horizon. There is,
eccording %o legend, » bolling pot of gold at one end.

People look, bub no one ever finds it. VYhen s zan looks
for somethuing beyond bis resoh, his friends say he L8
looking for the pot of pold st the end of ths reinbow.

1 Forast walvin Enll. Al xy im&nta I;vaa L1 2m tiop

f 5@ £4y1 ﬁ t r.{j n o & 4T o g,.».v,. Tl UL % 3:7 .

n of Dele ory ‘feed & s cmgubl shed Ph.D. dlsser-
tatl an, ﬂn varai wf 11 iﬁ%i%, L1852, p. 5.
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RAW BOORES FOR
VARIABLE 1, PER CENT PHONATION TIuE
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RAW SCORES ¥POR
VARLABLE B ,4BAR BYLLABLE DURATION IN HILLISBCCHNDS
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RAW BCORES rFoR
VARIABLE 3 MEAN INTENSITY ABCVE AN ARBITRARY RERERENCE



APPERTLL 4

Table IXI.,~

Baw Scores for
Yariable 3, Hean Intensity Above mn Arbitrary Reference.

ﬂ

Sabd. Qogas Qeeasion 2
g_g.t {a) b (&) (&) (b e) {da)
Lert”
1 11.80 22,30 17.50 18.850 12.40 2l1.80 15.80 18.40
2 8.00 22.50 15.70 138.%0 $.80 22,40 14.50 13,30
5 10.40 £2.40 18.50 17.%0 11,30 20.50 15.80 17.50
4 10.10 24.10 16.70 17.70 .50 28.50 18.80 14.40
5 11.80 28.90 23.80 23.90 12.40 27.40 EZ1.20 RB5.50
é 8,70 21.90 17.10 16.890 8.60 23,50 17.70 18.70C
7 7.70 20.50 135.60 14.90 7.99 19.00 13.80 135.80
8 14.50 30.80 B8).90 27.860 13,70 R2B.80 22,50 24.90
9 8,70 £9.40 1%.20 £l.4G0 8.10 235.70 14.80 £21.10
10 4.90 185.00 135,70 12.88 5.850 19.40 12.00 11.10
Right
il 8,47 15,72 12.86 12.%8 $.58 16.37 1l1l8.98 18,223
12 7.58 22.03 18.99 19.08 10.63 23,86 1B.287 17.46
13 7.30 18,80 16.10 1e.50 10.80 23.70 18.80 21.60
14 5.88 15.56 10.87 11.49 8,82 16.93 18,93 11.88
1% 10.91 1B.82 13.98 14.27 10.566 £1.38 15.32 15.88
16 16.20 28.30 21.%58 20.18 11.68 27.85 20.72 20.74
17 .14 24.08 16,95 16.87 7.80 £26.99 17.54 18.24
1B &£.70 24.50 21.50 22.09 10.10 26.00 23,80 1B.50
18 B8.99 £26.45 17.028 1%9.1% 9.94 27,16 14.92 20.42
20 4.35 16.09 8.04 9.48 5,08 17.80 1l0.46 1¢.82
- § 6.10 2£.680 18,80 18,10 B.20 25,80 17.30 19.20
22 8.4 28.34 <1.04 B0.43 12,08 B7.00 84,38 3230.97
28 11.20 25.80 18,20 20.10 13.350 28.8B0 18.97 24.48
24 8,63 18.81 18.28 14.11 7.17 20,86 12.75 12.92
25 13,38 27.9% 83,36 BL.E6 14.88 £6.5% 21.72 28.73
27 4.87 2.50 8.30 B.70 6,25 1R.88 2.41 10.24
28 5.87 Z2.64 12.88 12.38 5.58 22,81 l8.30 12.84
29 $.49 16.01 8.36 8,76 3.28 18.16 8,35 11.98
3G BO.66 33.485 31.61 29.40 25.25 34.15 33.89 BB.00
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ABITRACT OF

The main comeern of thisz study was to iavestigate
auditory dominsnce and serebral langusge laterality with a
group of ten left-sided 2ubjscts and a group of Uwenty
right-esided sub jecte., 4 messure of suditery dominance wes
introduced, consisting of acuity scores, and the left-sided
group demonstrated superior left ear dominence and the
right-zided group supsrior right esr dominence.

The subjects had to resad s simple 137 syllable
passage under four 4ifferent conditions which conslisted of &
direot feedback of thelr voice through serphones, a binsural
delayed suditory Tesdbeck and two econdibions of monsural
delayed sudlteory feedbmok with dired¢t feedbeck on the
opposite ear. It was sssumed that the left-sided group hed
right cersbral lengusge leterality and that the right-sided
group had left cersbral langusge laterslity. The ear contrs-
lateral t¢ the assumed speech centre was ¢szlled the dominunt

ear, It wes hypothesized that speech will be move seriously

1 Christiean ¥, Eyode, dootorul thesis presented to
the Seheool of Paycholegy snd ddugation of the Universiiy of
Ottaws , Unterio, 19638, viii-109 p,
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disrupted with & deleyed fesdlack te the dominsnt sar then
with & delsyed fesdbmok Yo the mon-dominant ear, The spesch
ganples were recorded on an Ampex tape rasorder and snaelyzed
on three different volies varieblses) per sent phomation time,
assn ayllabls duretion, snd sesn Intensity adbove an arbi-
trary refersnee. Testing procedure wes repeaited to deter.
mine reliability eoeffisients whioh varled between Bl and
«98 for the 4ifferent conditione,

Analysis and interpretstion of reselis vevealsd thet
both laft- and right-sided groups showed & significantly
longer sesn syllable duration with dslayed suditory fead-
baek to the dominemt sy thsn with 8 delayed andltory fosd.
badk %o the nen-dominant sar. Per cent phopaticon tisme was
also signiricantly hisher for the right-zided group under s
condition of dslayed feodback %o the dominent sar as dome
pared to & oondition of delaysd fesdbuck (o the non-dominsut
esry., This difference did not ocecur with the lsft-szided
group. The verisble on mess intenslty zbove an erbitrary
reference 414 not show any signifiomnt d4iffsrsnce bvetwaen
the two conditicne of monuwural delsyed muiitory fesdback,

It wee thersfore ooncluded that the observed speech
disturvsnces could only oecur ip thst partieunlar relation.
ehip if the sssumplion of eerebrel langmiage latsralily was
agoepted, The followlng eonelusione and saggestions for

future ressarch were offersd: the presence of suditory
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dominance on the level of spesch monltoring appsared Lo be
ah aceeptable flnding; the possibllitly of dosinant enr
lmpairsent in some forms of spesch disebilitlies should bs
sariously consldered; & sayvosysbtem theory ef the speech
mechanisa should be revised, sllowing for dlfferent sensors
of the surs snd ithelr connecticone to the speash cenire.
Finally, the exlastapnce of richt cersebral lunguage
laterality sppsurs o be & lese uncommon phencmenon than
wes previocusly suggested. The possible relationshlps bhe-
twesn zuditery dominsances and cerebral langusge laterality
should he investigated by zanipulsiing letersiity Sharac-
teristics instead of ceaitrcllisg Tor them, and groups of
varioua sge levels e¢an be used to determine when cersbral

langusge laterzlity beocmes establisned.



