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TNTRODUCTION

In_19339 Gibson (6) reported thé{ a curved line fends to look
less curved after long inspection, and that a Straighf line subse-
quently shown in the same location looks curved in the @pp@ﬁlte dlm
rection. Soon afterwardsg he (7 8) reported exactly anal@goas effects
' for bent and tilted lines. - He.referred to the gradual change a @urVedQ
bent, or tilte& line und@rgées'duriﬁg inspection as ¥adaptation®, énd.
to the effeet»ﬁpen a sub8®quentiy_presente& straight‘line‘as a
‘“nega%ive afﬁer=effeét“o | ,

" Gibson held that "adaptation” is to be sttributed to the

. existence of popularly accept@d no*mso Thus, if a line isvcurvedg
adaptation causes it t@ stralghten because of our coneéept of ssra;ghtw'
ness. A line that is almost vertical tends %o becéme more vertical im
order to approach our céncept of verticality, and a line that is almost
horizontal tends %o become mo?e horizontal~ﬁe@aQS@ it is seen as ap-
prbaching the horizontalo‘ The *negative afteraeffe@tw, according %o
the theory, occurs because the inspec%ion figure hasg;t@ 8 degrees be~
come a norm and the test flgure is per@elved relatlve to that norm.

Gibsom (6) also demonstrated thet an anal@gy exists be%ween
visual and kimesthetic per@epﬁlcna Each of his subjects reported
kthat'runming his hand.over.a slightly convex surface resulted in the.

surface appeering to become progressively less convex with time, and



1‘thaﬁ a subsequently. presented straight edge felt definitely. concave}°
‘Other 1avestiga%@rs (1), worklng durlng this time but. after
Gibsom's first paper, confirmed his discoveries, Later9 o new theo-
retlcal explanailen of Gibson's findings was proposed by Kohler and '
Wallach (14}, Brlexly stated this th@@ry maintains that prolemgeﬂ :
| inspeciiomhbf & flgureww1th a-wellgdeflned borde? wzll»alter-the:dlSs
tribution of‘eﬁéfgy?in the cerebral ééftex in such a manner as to cause
a distorted perception of subséqueﬁ%-figures exeiting %ﬁe area. The
modifica%ipy-whith?@e'éprtex ﬁnd@fgéesvwhem anziESpeeﬁicnvfignre is
fixaﬁedvfoé an eﬁﬁéﬁdeﬂileﬁgth-ef‘ﬁimé is~term§d,“gatiationwgiaﬁd the
Lerm “figufai afteraeffects@ refers te\ﬁhe changeé or distortionS'ié ,
%he pérception of a tesi,fiéureo.»Figﬁral after-effects, %herefqrép

are caused by‘the satiated &@ndiﬁi@m of the visual corbexe
) ' . ,v-: L B _— . ~" ". R . . e . ‘ X '.- + .

, lOther forms of klnesthetlc percepilon have also yielded.flgural
aft@rneffecisg as for exsmple, runnlng the thumb and forefinger of ome
hand over the edges of strips of verying widths (12}, Amnother form,
demonstrated by Wachimas (18), shows that kinesthetic afier-effects

can be induced by the subjective comparison of the statlonary 9951tlon
,(relailve to ‘the bedy) of the two hands.,

2Tn more technlcal terms, the Kohler-Wallach theory assumes that
inspectlmn of any visual object is associated with elesctrical currents
"in the visual sector of the nervous system. The cortex is regarded as
a volume conductor through which these figure currents flow, polarizing
all cell surfases through which they pass, Continued flow of these
currents creates an-electrotonic state, Elecirotomus is defined as
. & pelarization plus’a change in pelarizability of cells, It is brought
about by: the figure curremm and is the phy31olog1cal basis of qailat;eno

Satiation is regard@d as a state»of inereased revlstance due to
the electrotonlc condition created by the figure currents: When cur-
rents spread through:a medium which-does not have- the same resistance -

- throughout, these cufrents will follow the path of least resistanmce.
Gmnsequentlys the effect of electrotonus established by a figure cur-
rént is to deflect subsequent figure curreats into less satiated aress.
- These current distortions may persmsk for some time, -



Figural after-effects iﬁclude a'displécement of the tdst figarév
plus a tenden@y to see it as less brlght and farth@r ways than’ 1%
@bge@tiv@ly ism Hammer (9) found a r@c@gnlzable dlsplacemen% after
@nly a flvemsecond inspecﬁlon periodo

The satiatlonal-the@ry has been the subjeet of much controversy
since its original presentetion. Fisichelli (3) lends support to it,
Working with Iissajous figﬁresg he feols that the satiationm principle
of.reversibilitﬁ provides'an explanation for the way im which inereased
stlmnlatlon increases the reversal rate of these figures,

. Om the other hand Prentiece and Beardslee (21) question Kohler
amd‘%allachRS'cla;m that thersatlation theory can account for sll the
effects cbsérveﬁ by:Gibsoﬁo They'maiﬁtaim thaf the theory fails te
explain Gibson's adaplation effect, and that adaptation and figural
after-effects ﬁmst be related‘pheﬁomena and explainable by a‘comﬁon
‘ theéryo‘ In ofdgr to test their con%iétionsg.Pr@ntiee and Beardslee con—
ducted an experiment im which all possibilities @f,figufal after-effects
were obviated, Their résults-indicat@ that prolonged inspection of
' lines tilted 10 degrees from the vertical or horizontal show en adap-
taiions of about iwo degrees, They feel that these resulﬁs provide adw
ditional evidence for Glbson“s ®adeptation® effecto

Heinemann and Mar;ll (10) repeated the Prenﬁic@aBéardslee ex=
periéem%é; Their results indicaﬁ@ that what appears fo have been

adaptation in the Prentice-Beardslee experiments was nothing more than

; BPrentice and Beardslee use the term.“normallzatlon“ 1nstead of
,“adap%aﬁlemm : -



the tendency of the tilted-line figures to align themselves with the
borders of the cardboard on which they were drawn. They conclude

that there is no evidence for an adaptation effect in Gibson's sense,
Fox (4), however, feels that adaptation and satiatiom are factors both
involved in figural after-effects,

Weitz and Post (28) conducted a stereoscopic study of figural
after-effects which appears to contradict the Kéhler-Wallach theory.
Using two squares, one over the other, as the test figure, the bottom
square was perceived to be brighter, clearer, larger, and closer than
the top square despite the fact that it was the lower ome which per-
vaded an area previously occupied by an inspection figure (an enclosing
circle, in this particular case). They also found that prolonged fix-
ation of the test figure without a preceding imspection resulted in
having the lower square asppear as brighter, clearer, larger, and closer.
Walthall (27) also found this to be true. Weitz and Post state, that
if the satliation theory is temable, there should be no differential
effect on the test figures if no inspection figure is first presented.
The authors conclude that, since these results "were mot only unexpected
from Kohler's work but were contradictory to his theory® (28, p.64),
some other éxplanation is needed., The observed results are tentatively
explained by Weitz and Post in terms of past visual experience. They
point out that if two objects, one behind the other, are viewed from
above they will be seen as one above the other. The lower object will
be the closer.

Kendon Smith (23) presents several objections to the satiation



theoryo' He mazntalms that the %heory is uneble to account for figural
after-effects in m@dalities oﬁher than vision., He also sees no reason
to bel;eve that a partlcular region was especially satisted in curva-
ture when Gibsents (6) subjects, using prisms to distort objectively
‘sﬁr&iéhi lines'iﬁto euﬁ@ed @n@sg:feuné that upon removal of these lens
the st?aighﬁ 1ines_in the enviromment assumed a ﬁontrary eurvature,
With vespect to the existence of figural after-effects in the third
»“dimansidn of visual space, which E8hler and Emery (13) demonstrated
- im monoculer visiéﬁé Smith finds 1t diffienlt te.ﬁmd@rétand @h@w a
certain 'distance? eaﬁ be satiated since theré;is~no known cérr@lat@
in the ménQGulér-%isual system for the distance‘from which a stimilus
- émana%ésw‘(239.p0284) Flnallyg af%er:effects essentielly similar %o
| flgnral afteraeffects are ob%alned in ﬁhe waterfall illusion and Plateau
splral Smlth states that %in nome of these situations is there any
selective adaptatlon which prov1des a basis even for static dlsplaeements
-in the test-field, 1eﬁ alone~f@r the ocbvious dynemic after-effects which
_are @ommonly observed® (239 p0284)
| A new interpretatlon of flgural after-effests was presen%ed in
1952 by Osgood and Heyer (20), -This theory, referred to as the "statis-
tiecal theory®, is unlike the Kshler-Wallach model in. that it is based
- UpoR méuroPh&sielogicai principleé,@eﬁcerming a-nervous system c@ﬁpesaa
_of singie ﬁeﬁr@ﬁg withrpfecise‘eonneetions@ It is their theéis that
flgural afﬁeraeffee@s fare due to diffevential sdaptation within-the
. progeetlon system, produced by the prolonged 1nspectlon of ccnfﬂx;vs,uz's‘ng

(209 P98, Osgood and Heyer feel that all of the phenomena a@c@unted



for by the satiational theory are equelly well covered by the sta-
tistical theory.

’ Immediately following the presentstion of the statistical
theory of figural after-effects, Kcndon Smith (24) presented exactly
the same objections to the theory that he had previously raised against
the satiational theory (23) (see page 4 ). In addition to these ob-
Jections, Smith argued that according to the statistical theory test
contours should not move toward inspection contours, a phenomenon
which he claims does occur,

In response to Smith, Osgood (19) maintains that the test con-
tours do not move toward inspection contoursA. He also objects to
Smith's claim that neither the satiational nor the statistical theory
would‘explain after-effects in sense modalities other than vision. In
reply to the criticism that neither theory explains the waterfall and
Plateau spiral after-effects, Osgood says that this is requiring too
much of a theory., He feels that no single theory should be required
to explain all phenomena of perception. Osgood adds that since the
illusions referred to involve continuous movement of contours in the
field they may involve mechanisms beyond those concerned with figural
after-effects,

The Kohler-Wallach theory appears to be in even more serious
difficulty in view of recent findings obtained with more direct methods
of investigation. leshley, Chow and Semmes (16) devised an experiment

designed to disturb the cortical fields by short-circuiting DC potentials.,

4Smith (25) later provides experimental evidence for this phenome-

non,



This was accomplished byqiﬁsertimg gold pims and strips of gold foil
 in the oceipital lobes éf.two monkeys, There were no changes im tﬁe-'
‘monkeygﬂ'subsequemt_visual performag@es on a mumber of discrimimation
probleméo Jaffe (11), using human subjects who had cerebral leslons,
‘ obtéiﬁed results Which'also weaken the Kohler-Wallach theory, Investi— '
gating kinesthetie afteraeffects rather than visual, he found ne szg=
nlflcanﬁ-differencgs between the performances of normal and brein in-
jured‘animalso Since Kohler and Eéllaéh essume that (a)npercepﬁual
a¢tivity'depends on %he‘appearéﬁcs @fvdirect'currents in the'cpr:esponds
 ing c@r%ical.fiélds;.and (b) the diéﬁribﬁtibﬁ of these-éurreﬁ%é'iﬁ the
£1¢ld ave directly velated to the shape, localization and durstion of
- the resulting percepts, the results of 'Lashley et a109 and Jaffe afe
in ccnﬁradicﬁlon te the saﬁlailonal theory &8s it standso
A Rela%zvely 1ittle work has been done on flgural after=effec%s

in ihefauditory sense., Iwo lmportantvstudies9 however, have been con—

ducteds Deutsch (2) investiga%ed figural after-effects im pitch, and
Krauskepf (15) has warked with f;gural afterweffects in audltory spa@ea
)eutsch measured %he dlfference 11mem for 2 1000 eps tone in elght
_subgectso He then subjected the other ear to a prolonged tome with.the
same frequeney9 and remeasured the dlfference limen for the flrs% gar.
He found that the difference limen wa.s 1ncreased 47 percent. Slx
Acontrol subjects did. n@t vary in d;fference limen from one test t@
 another, He feels +that his results provide evidence for the existence
of. audlﬁory'flgural after=effectso

Krauskoph (15) malntalns that flgural after-effects will alter



the apparent spatial position of a sound source, and concludes that
the evidence strongly suggests that the Kohler-Wallach model is a

general schema applicable to spatialized perceptual systems.



 STATEMENT OF PROBLEM

As can be seen im the INTRODUCTION, figural after-effects
have been observed inm both the visuel and the kinesthetic senses awd
have been suggested for the auditory semse. The visual figural after;
effects studied have been concerned’pﬁimaﬁiiy'with thé5effe@ﬁs of a
spatial pattern. That is, the studiés have investigated the effect
of exposure of the eye by a stationary spatial pattern over a period
of’timﬁgb‘ln kimesthesisg thever, the patterns have been primerily
ﬁem@erai in the fact that the subject has been asked to rﬁn his hand
over a curved or slanted surface and %hen {o déscribe'the apparent
characteristics of a flat surface. Analogies for both of these types
of péttefning should be possible in the auditory sense, That is; an.
unvarying sound should be equivalent to the constant visual stimuletion,
and a tone varying temporally im pitch or intengity should be equivaleﬁt
to the usual kinestheﬁie situation, | ,

' On this basis; then, ome might expect to obtaia after-effocts
from the aﬁditbry'sense a8 well aslfréﬁ the visual and kinesthetic
senses. The effects should be obtained from both temporal seumd pat=
 terning and from an wnvarying scund presented over & period of time,
Deutsch (2) (see page 7 ) gave some e%idence'for the existence of
auditory figural af%ermeffécts from an ﬁméhanging souné,sourc@a' The
present study was performed for the purpose of determining whether a

tone of comstant amplitude and constant frequency (a test tome) appears

-9



to vary in any way as the result of the presentation of an immediately
preceding tone of constant amplitude but of varied frequency (an in-

spection tone),

10



PROCEDURE

The fifty-six subjects employed in this study were junior,
senior, and graduate students at the University of Arizona. They
were divided into three groups: 26 served as subjects in Experiment I,
10 in Experiment II, and 20 in Experiment III. No subject was aware
of the problem being studied, but a few subjects were familiar with
visual figural after-effects.

In Experiment I, Series A tones were used, This series, as
described in the APPARATUS section, consisted of four pairs of sounds
and of 4 single sounds. For one half of the subjects the paired sounds
were presented first, and for the remaining one~half of the subjects
the single sounds were presented first., The single sounds weré given
to supply a control situation for the paired sounds. A five-minute
interval was allowed between the presentation of each band on the disc.
There was a l5-second interval between the two members of the pair,

The subjects, a maximum of five at one time, were seated, pro-
vided with paper and pencil, and given the following instructions:

"You will hear a series of tones, the first half of which will
be grouped into pairs.5 Listen carefully to the characteristics of
each tone, and describe the second tone only of each pair., Describe
this tone carefully but concisely, and not in relation to the pre-

ceding tone but independently of its For the single, umpaired tones

5Or second half, depending upon the order of presentation,

11l



write aé careful a description of each as yoﬁ can. A fivémﬁnu%@

" rest interval will follow each unit dﬁring which 7@11 may write down
" yozzr impressions. To your righ‘i:. is an eaxphone, Hold it to ome eaxr
and use the same eay bthroughout the sxperiménﬁo Cover your @‘ther ear
w:i.-ih your free hand while the tones. axre being presen‘tedo“

The appara‘bus and ’the e:;permental procedm“e followed in
Expemmen‘b I were 1den"c:!.cal to those of Experiment I with one ex~
cep'b:.om “‘the intensity of “he tones presented was reduced.

‘S@ries B tones ﬁeﬁ%@ wsed for Experiment III, The series con-
sisted of 2 pairs of sounds and of 2 single sounds, The order of
presentation for one=half the subjects was the reverse of the pre-

: seintation‘ order for the other ome-half, There was a f’iveasecond‘ inter-
'val. between ﬁhé paired souﬁdsa & five-minute interval was all@t«%éd
between each of the bands, & comtrol situation for the paired sounds

- was provided for b'v the single sounds, |

The pmcedure in Experiment ITI was sn.mz.lar to that of Experi-
ments I and II excepd 'tha't the subgeci; Was asked to mark a questz.onnalre
' dur:mg 'th@ i‘lvemmimme mi:erval rather. than to write a general desa i
eription of the tone. This ques*t:.ennalre consisted of a form on whlch
each subject was instructed to indicate the perceived inerease, de-
créase;, or lack of variatiom in both pitch and inmtensity of"%he_test'
tones, 4&s in ﬁhe» fofmer- experiments, f.b’he maximun number of su‘b;j’ ects

at any one time was five.



LPPARATUS

The apparatus used inm the'experimental situation consisted of
two recorded,phonqgraphic dises (Series A amd B), a phonograph player
(RVA Vietor table model), and five monotic earphones (Utah-Chicage

:&NBQH=I§O | |
| The ‘tones for Series A were recorded om a ten-imeh, 33 1/3 rpm
microgroove dise, Thé inspeetion t@né9.which was given first in each
lxgairg was 15 seconds im duratiom. ItAdpﬁsisﬁed of a constant emplitude
b‘waﬁe With a fr@quéngy risihg»from'iooo eps to 1100 cps and then de-
scendiﬁg»again»t@ 1000 eps (if represented graphically, frequency plotted
against time, a.Gaussian shaped curve results). The test tones, which :
» ﬁ@il@ﬁ@d»éaéh‘inspeeiiOm‘tone; wéfé of ﬁﬁvaryiﬁg frequency and inteﬁsity"4
| but differed in frequency level fﬁom one aﬁotherov The intensity of all
test tomes was the same as the intensity of‘thg inSpgction tone.

Sid@ 1 of Series &:diS@ was cémp@sedias ﬁoli@wss

Time Interval

Bamd Wo, 15 sec, 15 sec. 15 sec.
1 ,Inspecﬁiéﬁ ton@ ‘ (silemee) - 900 eps test tome
2 Inspection tone  (silemce) 1000 cps test bome
'3 Inspection tone (silence) | 1100 cps test tome
b  Imspection tome .V(Silence) 1200 cps %eét ‘tone
"5' (éilencé) 8 (siléhce) | 7‘9@0 éps test tone
6 (silénce) - (silence) 1000 cps test tone
7 (silence) | (silence) 1100 cps test tone
8 (silénée} | (éiiénce} .1260 eps test to@@

13



The bands comprising side 2 of Series A were exactly as those
on side 1 except that their sequence was in the reverse order, i.e.,
Band 8 first, Band 7 second, etc.

The tones for Series B were recorded on a 10-inch, 78 rpm
microgroove disc with four bands per side. The inspection tone for
this series was of constant amplitude with the frequency rising from
1000 cps to 1100 cps in & linear fashion over a tem second period. The
test tones were of unvarying frequency and intensity but at different
frequency levels, The intensity of the test tomes was the same as that
of the inspection tone.

Side 1 of Series B disc was as follows:

Time Duration
Band Ne. 10 sec, 5 sec, 10 sec.
1 Inspection tone (silence) 1000 cps test tone
2 Inspection tone (silence) 1100 cps test tone
3 (silence) (silence) 1000 cps test tone
4 (silence) (silence) 1100 cps test tone

Side 2 of Series B consisted of the same bands but reversed
in order of presentation.

The original sound source from which the disc recordings were
made was an audio-generator (Huitt-Backard). The variations in fre-
quency were produced by menually turning the control knob on the instru-
ment, and the excursion rate was timed with a conventional stop watch.
To insure that all tone waves of the same frequency would be identical,
as for example, the inspection tone for each series, the tone waves from

the audio-generator were first recorded on tape (modified Magnecorder).



15
These tones were then trénscribed onto & dise recorder (Presto SDG)
imﬁtheir pféper séquence and whenever called for, The ﬁumber of bands
in Series‘B made‘it possiblé'%@.make %he recording atr78 rpm ins%eéd of
33 1/3 rpm as in Series A. Thié was desirable for at higher speeds
ﬁimuie flu@tuétion.in turntéble speed is not nearly as motiéeable as

at lower speeds,



RESULTS

A, eriment I

The results of Experiment I were analyzed to determine
whether any apparent variations in pitch and in intensity were pro-
duced by the existence of an inspection tone. The study was designed
primerily to determine variations in apparent pitch., However, probably
due at least partially to attention shifts, the subjects reported
variations in the apparent intensity of the sound. It was felt that
an analysis of these variations should be included in this study. The
results of the subjects receiving the tones in one sequential order
were combined with the results of the subjects receiving the same
tones in the reversed order. The tabulations are presented in
TABLES I and II.

TABLE I shows the number of subjects who heard a rising pitch,
a falling pitch, no variation in pitech, a rising followed by a falling
pitch, a falling followed by & rising pitch, and unpatterned fluctu-
ations., The table is divided to show the data for both the experi-
mental and control groups.

As can be seen in TABIE III, none of the differences in per-
ception of pitech between the experimental and control situations are
significant beyond the 39.5% level of confidence when twelve~-fold
Chi-square values are computed. Calculation of four-fold values based

upon the report of a falling followed by a rising pitch (the expected

16



TABLE I

THE NUMBER OF SUBJECTS WHO HEARD VARIATIONS

IN THE APPARENT PITCHES OF THE TEST TONES

Group - Tone Unit Incresse Decrease Steady Inc.-Dec, Dec,-Inc. Fluctuations
I-tone & 900 cps T-tone 0 0 23 0 0 3
I-tone & 1000 cps T-tone 0 0 18 0 1 7
Experimental .
I-tone & 1100 cps T-tone 1l 3 14 0] 1 7
I-tone & 1200 cps T-tone 0 0 ‘21 0 0 5
900 cps T-tone 1l 1l 18 0 2 4
1000 cps T-tone 2 1l 17 0 0 6
Control
1100 cps T-tone 3 0 14 0 0 9
1200 cps T-tone 0 1l 20 1 0 4

LT




TABIE II

THE NUMBER OF SUBJECTS WHO HEARD VARIATIONS
IN THE APPARENT INTENSITIES OF THE TEST TONES

Group Tone Unit Increase Decrease Steady Iné.-Dec. Dec,- Inc, Fluctuations
I-tone & 900 cps T-tone 5 0 19 o o 2
I-tone & 1000 cps T-tone 5 0 19 0 0 2
Experimental
I-tone & 1100 cps T-tone 3 1 18 1 0 3
I-tone & 1200 cps T—tone 7 1 1% 0 o 2
900 cps T-tone’ 10 o 16 0 0 0
1000 cps T-tone 1 3 21 0 0 1
Control )
1100 cps T-tone 6 2 1A 0 1 3

lzoocps'i';{,one 60 : i .. L .0,4. 0




TABLE III

CHI-SQUARE VALUES FOR THE
DIFFERENCE IN OBSERVED PITCH BETWEEN

THE EXPERIMENTAL AND CONTROL GROUPS

Frequency level Chi-square (5df) 1Ilevel of Confidence

900 cps 42753 45.3%
1000 cps 4,106 53.6%

1200 cps 2,136 82.8¢




.20

shift) as against all other reports would, as ean be seem in TABIE I,
resqlt in ?evéﬁ 1éﬁer indications of significant variations befween
experimem"bal‘ and controli groups ihan do the twelve=fold ealeulations.

TABIE II shows the apparent shifts in inbtensity found for both
the experim&ntal and com;rel grou_ps and TABIE IV shows that ’bb_ese
sb,:n.f‘ts in apparent l@udness are not Sz.gmflcantly more frequen‘t for
' "the exp@zrmental than for the control groups.
B, E&eriment XX
- The data from Eb@eiimen'ﬁlll wére analjzed in the same mamner as
the date from Experiment I with very similar resulis, TABLE V shows
the number of subjeets who heard various changes and absence of change
:‘i;n "the pitches of the -tes{'.n tones. Gompﬁting twelve~fold Ghi=sqm@ |
values for the tabulated figures in .T‘ABIE V‘ one finds, as can be seen
in TABLE VII s that none of ‘the percelved differences in piteh between .
'the exper:s.mental and con‘trol si'tua*hlons are s::.gmflcant beyond 'the
80,8% level of confidence.

The frequency of apparent shifts in the intensity of the test
| tones is éhown in TABIE VI A‘;s indicated in TABiE VIII s there is mno
| significant difference im the-‘mmber of shifts between the experimental
eo;ﬁfrol groupso_ |
@; E@ermen 111

. The questa.onna:z.fes used :.n E@erimezﬁ; 111 were analyzed and

the reﬁul’ts of the subg ects recewmg the tones in one sequen‘tlal @rdcr
were comb::.ned W:Li:h the resul‘ts of the ‘subj ccts receiving the same ‘tones

- in the reversed order., The sum totals were entered in TABLE IX which
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TABIE IV

CHI-SQUARE VALUES FOR THE
DIFFERENCE IN OBSERVED INTENSITY BETWEEN
THE EXPERIMENTAL AND CONTROL GROUFS

Frequency Level Chi-square (5df) Level of Confidence

900 cps 3.924 56.3%
1000 cps 6,100 29.7%
1100 cps 3.833 57.7%

1200 cps Le334 50,3%




TABLE V

THE NUMBER OF SUBJECTS FOR EACH OF THE TONE UNITS WHO

HEARD VARIATIONS IN THE APPARENT PITCHES OF THE TEST TONES

Group Tone Unit Increase Decrease Steady Inc.-Dec. Dec.-Inc. Fluctuations
I-tone & 900 cps T-tone 2 0 8 0 0 0
I-tone & 1000 cps T-tone O 0 7 0 0 3
Experimental ,
I-tone & 1100 cps T-tone 1 0 6 0 1 2
I-tone & 1200 cps T-tone 2 0 7 0 o 1
900 cps T-tone 2 1l 6 1 0 0
1000 cps T-tone 1 0 8 0 0 1
Control } ,
1100 cps T-tone 1l 0 7 0 0 2

1200 cps T-tone 0 0 9 0 0 1

(A4




THE NUMBER OF SUBJECTS WHO HEARD VARIATIONS

IN THE APPARENT INTENSITIES OF THE TEST TONES

TABLE VI

Group Tone Unit Increase Decrease Steady Inc.-Dec, Dec,-Inc, Fluctuations
I-tone & 900 cps T-tone 1 0 8 0 0 1l
I-tone & 1000 cps T-tone 1 0 9 0 0 0
Experimental :
I-tone & 1100 cps T-tone 1 1 6 1 0 1
I-tone & 1200 cps T—tome 1 0 9 0 0 0
900 cps T-tone 4 0 5 0 0 1
1000 cps T-tone 1 0 8 0 1l 0
Control
1100 cps T-tone VA 0 | 5 0 0 1
1200 cps T-tone 3 0 6 0 0 1

£z




TABLE VII

CHI-SQUARE VALUES FOR THE
DIFFERENCE IN OBSERVED PITCH BETWEEN

THE EXPERIMENTAL AND CONTROL GROUPS

Frequency level Chi-square (5df) Level of Confidence

900 cps 2.286 80,8%
1000 cps 2.067 83.8%
1100 cps 1.077 95 - 100%

1200 cps 2.250 81.3%
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TABLE VIII w

CHI-SQUARE VALUES FOR THE
DIFFERENCE IN OBSFRVED INTENSITY BETWEEN
THE EXPERIMENTAL AND CONTROL GROUPS

Frequency Level Chi-square (54f) Level of Confidence

900 cps 2.492 77.7%
1000 cps 1.059 95 - 100%
1100 cps 3.891 56.8%

1200 cps 2,600 76.1%




TABLE IX

THE NUMBER OF SUBJECTS WHO HEARD VARIATIONS IN THE

APPARENT PITCHES AND INTENSITIES OF THE TEST TONES

PITCH INTENSITY
Group Tone Unit
Increase Decrease Steady Increase Decrease Steady
I-tone & 1000 cps T-tone 1 1l 20 7 1l 1
Experimental

I-tone & 1100 cps T-tone 4 3 15 8 1 13

1000 cps T-tone 1l 0 21 5 1 16
Control

1100 cps T-tone 2 3 17 5 1 16

9¢
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shows the number of subjects who heard a rising pitch, & falling pitch,
or no variation im pitch. TABLE IX also shows the number of subjects
who heard variations in the apparent intensity of the test tones, The
table is divided to include the data for both the experimental and
control groups.

As shown in TABLE X, none of the differences in the perceived
pitch between the experimental and control situations are significant
beyond the 60,8% level of confidence when six-fold Chi-square values
are computed. TABLE X shows that differences in the perception of
apparent intensity are not significantly more frequent for the experi-

mental than for the control groups.



28

TABLE X

CHI-SQUARE VALUES FOR THE DIFFERENCE IN OBSERVED PITCH

AND INTENSITY BETWEEN THE EXPERIMENTAL AND CONTROL GROUPS

Variable Frequency Level Chi-square (2df) Level of Confidence

1000 cps 1,024 60.8%
Pitch
1100 cps 0.792 67.7%
1000 cps 0.466 79.3%
Intensity

1100 cps 1.004 61.4%




B Dls;ézussmn AND GONQLUSIONS o

If We assum& thaﬁ (a) the phenomena of figural afterueffeets

R are general charac%erisﬁlcs af the’ sensory systems and that (b) th@

‘°obgect1ve characterlstlcs of the sound pa%terns employed 1n this study o
 l are analogeus to ‘the temporal conflguratlons employed in past 1nvest1= '
:ii.gatloms w1th kinesthesisg it Woula appear that the present study-should '

: fhave yielded f;gural after=effeets 1n audl%lon@ This expectatlon vas:
ﬁot reallzed » | - : |
S Analysis of resulxs for Experlment Ig Wthh utlllzed rlslng
F“:lan& falllng inspectlon tones at & hlgh 1ntens1ty Il.e'qel,7 yields no dlfu4,:

‘ference beyond. the 39 5 percent level ot confldemcs between the numberS»

if'of renorted shlfts in the percelved pltch of the test tone for the ex-

y 'per1memtal and control gronpse A s1mllar analy31s of apparent shlfts
L3 in 1nten51ty of the test tanes reveals %haﬁ they did not oeeur 51gn1f1;?‘,4

‘ "fcant1y more 1requently for the experlmental than for the ccntrol groupse

V In Expermmen% 119 %he dlfferences in apparenﬁ shif%s for both
'pltch and 1ntensity are also far from 51gn1flean% In %hls experlment ; 

' ‘the same 1nspect10n and test tones as in Ekperlment I were presented
but at a 1gwer inten31ty levelo; | |

Slmilarly,_ﬁhe results ef Expermmen% III w1%h 51mple rlsing :

'but not falllng inspectiom ten939 reveal enly 1ns;gn1flcant d1fferences-;':'““

i beﬁween the experlmental and control groupso

“On. the ba51s of these @xper;mental resul%39 the maln conclu81om::f}7:?7-

. Unly. of Arizona Liprary



'”fﬁltenSL%y Qf the stlmnlus@. Thevm@re intemse the stlmulus the greater %h@ ;f' R

%o be derived is that a tone éf'éonétahttinﬁensity and frequency

does not appear to vary in any TWARNer as the result of the presentatlen ‘

of am lmmedlately preeedlng shortmduratlon tone of cons%ant 1n%en31ty

‘_but of varled frequencynk The observed varlatlens can be attrlbuted

' to me MOTE. than chanc@@ Alih@ugh v1sual flgural after=effects are '
';Aalways due to 51mﬂltaneously presented cortlcal spailal patﬁerms, {
.&f;klnesthetic afﬁermeffecﬁs have been obtalned using temporal patterns
>’fwhich would appear to be analogcus to the temporal audltory'patierns

i~used 1n  this studye v', , 7 _ | |

. It appears unllkely that the fallure to obtain flgaral afterm”fitvj"““ :
xeffects is due to. ﬁhe lack of certlcal locallzatlon of dl?ferent seund.
. frequenclas altheugh this is a poss1b1e bas1s fer the fallureo Tunturl o
‘(26) has dem@nstrated that umd@r pr@per condltlons cortlcal proaecﬁloﬁ E
of varlou$ frequencies is extremely sharpo He was able to show in dogs

“%hat frequency shlfted l octave for each o2. milllmeter antereaposterlorng»

,cortlcal dlsplacement Thls faet would lead one to expect flgural

‘ afteraeffects im auditlon 1f ez%her the satlatlonal thecry‘or ihe ."
’statls%ical theery of flgural afteraeffects is correc'h6 waever9 lunturl;

" .;;vfound thaﬁ the sharpness of audltory 1ocallzat10n depemds upon the in-.  ';;' 

spread'of exciﬁéiioﬁa &1milar1y Galambes ‘and Bav1s (5) have shown thatg

"at all 1evels .of the neural pathway for audltion9 flbers are speclalized s

' o _for certaim fr@quenclesek ThlS dlfferentlal sensz%ivxty is relatlvely

jsharp for thresheld 1ntensities but broadens a great deal as 1ntens1ty

) ls-iﬂcreasedg‘ In view of these facts$ it appears that the dlstlnctly



| e TRt
.'suprathresh@ld 1ntens1tles empleyed in thls study'would mot lend themp’ﬁlwh
/selves to sharp cortlcal representa‘hmn9 and thus m&ght net yleld suf-
| nvflCléﬁt dlfferentlal satlatlon o preduce flgural afﬁeraeffectso.‘ﬁ

paﬁtern whlch is te vaguely or dlffusely pro;ected,w111 no% afford a -

L clearacut dlfferentmal between an area whlch 1s acﬁlve and one that

is ﬁot Bbweverg the meeﬁlng ef thls p0351b1e @bgectlgm 15 compl;cated:;"
fby the prebabllity that threshold 1nten51t1es wculd pr@duce very 11ﬁtlef  ;V? “ﬂ
sa‘tlatleno / ' ' B L
2 Slnce the absolute threshold as well as “the dlfference 11men is ‘
- not censtant fcr a1l tones Wlthlﬂ the audlble frequency range, it is '
Vconcelvable ﬁhat presentatlon of frequencles te wthh the ear’s sens;- |

A'utlvity 1s relatlvely 10w could decrease the efflcacy of the tones 13

preduclng af%er«eff cts,o In this particular studyp however9 ﬁhls P@S=,  $5:_,~,,

"Siblliﬁy was obv1ated by utlllzlng tcnes falllng between 900 and 1200 cpsoj ;? o

ﬁs Shower and Bldulph (22} have. showny these tones fall safely w;thln o
:'ﬁhe range of. maxmmum sensitmvmty and minimum dlfferemce thresholdse

" On the other hand several faeﬁors 1n the experlmenial makeaup

o 3'@an be palnted out wthh could be re3p0n81b1e for the fallnr@ to dem@n~ 

s%rate audiﬁory flgural aftereeffectso~ In the flrst places a2 single

;preseﬁtatlon of ﬁhe 1nspectlon tone may'not be enough to establlsh cortlcal

' iactlvity of sufficlent strength in erder te affeet subsequeni test teneso z“f o

"f,This is very 11kely in view ef the procedure used by Gibson w1th kln@s« *f zi¥‘ .

-thasiso, In hls experiment9 whlch is, the best analogy to the present

Vstudyg he had hlS subgects run their flngers over the lnspectlon centours

o ‘many %lmes before the presenﬁailon of the stralght %est contcuro Th?'v



‘ ‘,‘s:mpmaﬁ@e-@fa firmly se;sta?blishea"vinmiam}*isﬁa’lv‘paﬁ«tems‘.-i,s »evié.%eﬁ?d'éd' T
by the f:.ndmg ‘tha% 'the amoun‘b of d:.splacemen"h 1s prepor’tmnal m.th:m
l:i.mrts g "b@ 'i:he length of :Lnspectlom per:.od (9) Carree‘twng th@:ns, of -

»this possible weaknéss :m 'the present study mgh’c be. to repea‘t th@

'::mspee“tion tone severaltlmes 'before presen‘tmg the test éconee Howe'verp -

- ‘the dlfflculty m.'th such a shz.ft in me’thed migh't ‘be the foma‘t:.on of a
,complex ra‘bher 'than a repeti‘t:.ve s:.m.ple pat‘term - ‘

E”:n.nia?ll;y'9 _Ha.mmer (9) has. founé. 'tha"c 'tb.e leng'th of time be‘tween

‘ 'the presen’ta'tlon ef.' the J_nspectmn and ‘k;est pa't‘terns is. of cm'tmal _
_impezﬁ:ance@ She demonstrated 'tha't fer an mspee‘tmn pem.od of 66 secexldsj_.(
| ‘dlsplac@mant wes maximal’ wz.‘th lmmedla‘te presematmn oi‘ “the "&;es% flgure = S

and reached zem m 90 secondso If 'this .fae'@ appl:x,es equally well 6

. 'audl"tory phenemeneng the mterastinmlus :m‘berval empl@yed in. 'thls stady

- .may n@'t have been idealo : H@wever 5 1f the 1n'berval were exceed:mgly short .

- mo dwtmcm@n weuld be made be'tween 'the inspec'tlon and tes't 'tenese v



Im 1933, Glbsem (6) dlsccvered 2 v1sua1 phenemenon whlch sznce c
gthen has been termed flgural after—effeeﬁso Thls phenemenon is d@a
scrlbed as é percep%ual dlstorilon of & flgure as the result of the
‘_past sﬁlmulatlom°  At thewgame tlmes analogeus afﬁeraeffects were
| ~;feund to ex;st in kinesthesms (6) Subsequent-to these dlscoverlesg‘
other 1nvest1gators conflrmed the ex1stence of thls and other effectéAv,‘:
':vand paved %he way for an elaborate theoretlcal explanatlon of th@

"phenomena by Kohler and‘%hllach (14) Thls theory; whlch 15 termed

‘%he satlatlonal theory9 malntalns tha% polarlzed cortlcal tlssue through .

:'g,whlch flgure currents have passed w111 affeet subsequent flgure currents  :1'.” ﬁ

which happen t@ pervaée the same reglono The theory ‘has received supu

‘7:,p0r% by’some lnvestigators (3), and has been questloned by . others both

- en neurephy31olog1eal groands (159 16, ll) and on the ba31s ef apparent

*‘~4_canﬁrad1ctlon to Gestalt princlples (17) Desp;te these explanatery

,eontroversies the faet remalns that flgural afteraeffects ex1st and
'_that they are pr@bably not pecullar %o one er a few sense modalltles but "
 are eharacterlstlc of the Sensory pre;ectlon system lﬁ general B

- The presen% study'was done lﬁ order te present ev1dence9 elther |
j for or agalﬁst the exzstence of flgural af%er=effects 1n aud1t19n04 |
 ?1%@h vag the prlnclpal dlmen51oﬁ investlgated alth@ugh shlfts 1n apm*fr
.parent inten81ty were analyzed as wella |

Three separate exper;ments were conducted thh a total of 52

33 ‘
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subjac%s,participatinga The~procednre employed consisted im the pre-=
,senta%ion of an inséectioﬁ toﬁe’oi moderate to high intensity followed
by a test tone which was to be deseribed by thersubjecto Experiment I
and I1 differed from each other only'ﬂith respect to the intensity of
" the scumdéo‘ The imspection tomes were of a rising followeé.by falling
frequsncyo  in Experiment III, a new inspection tone patternm was

_gtilizeéy the imgpection tones consisting simply of rising fr@quenqy
 tomes. The best toneS‘fof.all_@ﬁperiménts were‘essentially the éameg
namely, a steady tone unVafying‘in fréquency and intensity. ‘In”Experia
mént,l and II, the subjécts were asked to describe their imprésSions
> @f:%hé tes%7tén@so Ia Experimeni-lllg éhe subjeets were instructed
to mark a questionnaire; |

‘.The data yielded ﬁegative rvesults in all three experiments.
Shi£i$bim‘the perceivéd ﬁitch and loudness of the test tomes were not ’
signifi@aﬁtly ﬁore—frequent for the experim@ntal than for the control
groups. The conelusion, therefore, was that the tones of constant
intensity ama freéuency'wéré not affected iﬁ any way as the result of
an immedia%ely preceding tone of constant intensity bub of varied fre-
quenty. | | | |

. Nenf@ph&%i@l@gical evidence fo?bthe exisfencé of precise
coztiéai re@resénﬁatién of differenﬁ frequencies suggests that éuditony/
figural after-effects are pot unlikely, providing satiatiom or fatiguiég
@f‘corti@él areas can be a@eomplishgdo However, e dilemma is preseﬁted
by the fact that the sherpness of cortical localization is limited to

threshold levels of intensity; levels which would probably produce



K lnsufflcient satlatloﬁ for flgural af%ermeffectsa

. Gonszderatlon of o%her apparently 1mpertant factors créateé
‘qaestlons Whlch cannot be answereﬁ Wlthout further experlmentatlene~ﬁ

’hﬁm@mg theﬁe is. the questlon @f Whether a s;ngle preseniatlon of en
‘inspectlon ton@ pr@&uces sufficienﬁ—cort&cal satlatlon to make flgural

© after-effects possibleo It mey be imp05$ib1e to check this hypothesis
1£s;nce repetltlen of the @xperimenﬁal tone may create a complex patﬁern |

’vrather'than a repet;tlve szmple patterno Agalng the questlon of ths

,lnterval between 5t1mu11 deserves con51d@ratlen in view ef the fact

that in v131on at least the - degree ef dlsplacement of the %est patﬁern o

varies 1nversely W1th the txme between presentationso .Thls creates 2
, j"prcblemg exceedlngly shor% lntervals would not permlt a dlstlnctlon o

"between the test and inspection tones° .
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