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On Peripheral and Ceniral Proeesses in Vision: Inferences from an
Information-Processing Analysis of Masking with Patterned Stimuli

Michael T. Turvey
Haskins Laboratories, New Haven¥®

ABSTRACT

The masking of briefly exposed letter forms by a preceding
or succeeding stimulus may originate in either peripheral or
central visual mechanisms. The question of how masking varies
with origin was examined in a series of experiments which made
use of stimuli that masked the target forms only monoptically
(or binocularly), or both monoptically and dichoptically. Per-
ipheral forward and backward masking were described by a simple
relation between target stimulus energy and the minimal inter-
val between target offset and mask onset permitting evasion of
masking: the minimal interval multiplied by the target energy
equals a constant. Peripheral forward masking, however, was
more sensitive to mask intensity than was peripheral backward
masking. On the other hand, central masking, which was primar-
ily backward, was relatively unaffected by stimulus energy and
was determined by the interval elapsing between the onsets of
the two stimuli. The multiplicative rule and the onset-onset
rule characterized, respectlvely, peripheral and central V1sual
processes. The peripheral processes were viewed as a set of
parallel systems or nets- signalling crude features of the stim-
ulus, and the central processes as a series of .decisions conduct-
ed, in part, on these features and résultlng in stimulus recog-
nition. The peripheral and central processes were shown to be
related in'a concurrent and contingent fashion: apparently the
two occur in parallel, with the central decisions contingent on
the ocutput of the perlpheral systems which signal dlfferent fea-

'tures at- dlfféréﬁt rates.

'INTRODﬁCTIQN

Perceptual interference results'whén two stimuli are delivered to. an
observer in rapid succession. ' The term '"forward masking'" describes the im-
pairment in the perception of the second stimulus induced by the first,and
the term '"backward masking' describes the’ ;nterfarencé on: the first induced
byvfhé secaﬁd The phenomena of forward and backward masking are evident

*Also University of Connecticut,_Storrs.
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in both aural and visual perception (Kahneman, 1968; Raab, 1963; von BEké&-
sy, 1971) and they occur, to varying degrees, under conditions where the
two stimuli are presented to opposite ears (i.e., dichotically) or eyes
(i.e., dichoptically) and under conditions where both stimuli are presented
to the same ear or eye. Thus the perceptual interference may originate in
the peripheral sense crgan or in the more complex structures of the brain.
Presumably the rules determining masking differ with the origin of the ef-
fect. 1In the present paper, masking in vision is examined for the purpose
of isolating these differences.

Backward Masking and Information Processing

Backward masking of form by visual pattern or visual noise has recent-
ly received considerable attention primarily because of the central role it
plays in the information-processing approach to visual perception (see Haber,
1969a). In brief, the information-processing analysis represents visual per-
ception as a hierarchically organized temporal sequence of events involving
stages of storage and transformation of information. Within this framework
backward masking by pattern or noise is proposed as an analytic tool with
which to investigate visual perception (Haber, 1969b; Sperlinz, 1963). The
principle argument behind that proposition is that if a pattern mask fol-
lows a target stimulus after some delay, processing is assumed to have oc-—
curred during that delay but is terminated or interfered with by the mask.
This argument is, essentially, the interpretation forwarded by Baxt (1871)
for backward masking and, following Kahneman (1968), will be called an in-

‘terruption hypothesis.

An alternative interpretation of masking by pattern is also emphasized
in the literature. This interpretation, referred to as an integration hy-
pothesis (Kahneman, 1968), stresses the effect that a visnal pattern has on
the sensory character of the target stimulus represgentation rather than on
the extraction of information from the target representation. The idea is
that two stimuli which fallaw one -another in rapid succession are effective-
ly simultaneous within a single "frame' of psychological time, analogous to
a double exposure of a photographic plate. In masking by homogeneous flash
of 1ight, for example, the outcome of such a process of summation will be a
reduced level of contrast between figure and ground ' (Eriksen and Hoffman,
1963).  As Kahneman (1968) has pointed out, this position views masking by
pattern as just a special case of temporal summation of heterogeneous stim—
uli.

. Figure 1 summarizes the essential features of a visual information-
processing system appropriate to the description of performance in tachis-
toscopic experiments.'_It contrasts the interruption and integration hy-
potheses. ' L - ' : : ‘ :

Iconic storage (Neisser 1967) is seen as a buffer memary system in
which-the input can be held in a literal form for several hundred milli-

" seconds ‘during the course of conversion to response and/or short~term cat-
‘egorical storagé. Although the 1nformat10n in iconic storage is considered

to be relatively unanalyzed, preattentlve mechanisms ‘have, pe:haps, already
extracted certain global features of the. input - (Neisser, 1967) “These .
would include, for example, f;gure—ground relat;gnshlps whlch pravide the
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raw material for subsequent selective processing of the iconiec representa-
tion. This selective processing or recoding is demanded by the brevity
of the iconic representation (Averbach and Coriell, 1961) and by the lim-
ited channel, or processing, capacity of subsequent mechanisms. At all
evente,the assumption is that the material in iconie Storage ie, in due

or short -term storage and that thie recod;ng 1nvolves the processes of
pattern recognition.

The interruption hypothesis localizes the effect of backward masking
by patteru subsequent to iconic storage. It iz assumed that a clear icon
is established and that an after-coming pattern interferes with the trans-
lation into categorical form. The time needed to effect that translation
is cut short by the after-coming stimulus. The integration hypothesis, on
the other hand, proposes that target material and mask are dealt with as a
composite, resulting in an unintelligible icon. For the integration hy-
pothesis the effect of an after-coming pattern is on the formation of the
target iconic representation so that it never achieves the acuity, con-
trast, or clarity that it would have attained in the absence of the mask.

Integration and Interruption as Nonexclusive Hypotheses

Comparisons between an integration story and interruption hypothesis
of backward masking are usually made to decide which one is corr=ect. It is,
of course, not inconceivable that both are in fact true; they may be des-
criptiong of two different stages in the flow of visual information. This
possibility is suggested by the fact that two sorts of independent variables
have been used in backward masking experiments. On the one hand, there are
the energy properties of target and mask, i.e., duration and intensity; on
the other, there is the time elapsing between onset of target and onset of
mask. Sometimes backward masking has shown strict dependence on target dur-
atlon or target-mask intensity (e.g., Er;ksen, 1966; Kinsbourne and Warring-
ton, 1962a; Thompson, 1966), yet at others it has shown strict dependence
on onget-onset time with stimulus variables such as target duration proving
irrelevant (e.g., Haber and Nathanson, 1969, Mewhort, Merikle, and Bryden,
1969). . It is -possible - that when target: energy (and/or mask energy, for that

‘matter) is the relevant independent variable, mechanisms underscored by the
‘integration hypothesis are prevailing, but when onset-onset time is the de-

ternmining variable and target energy propettlee are lrrelevant, ‘interrup~
tion is perhaps the more approprlete theory. : :

The -above. ldees gulded the present eeriee of experlments, for which
the experiments of Kinsbourne and Warrington (1962a, 1962b) provided a de-
parture point. The ir experiments were. interesting in eeverel lmportent re-

-spects. " First, with a paradigm fundementelly similar - to that used, for ex-

ample, by - Sperling (1963), Kinsbourne and Warrington (1962a) found no evi-
dence that in the beckward masking situation the -number of items reported

"is a linear function of onset- oneet time. That result reported by Sperl;ng:
-(1963) and Allport (1968), among others,_may be v1ewad as:evidence for a -

process. of sequentlel read=out from an' intact iconic representatlon and as
support for the 1nterrupt1on hypotheeie.A Kinsbourne .and Werrington by. con—~ .

~.trast: reported that not. only did three latters: become ava1lable at- approxl—g
-mately the eame onset—onset time as-one letter ‘but also that there was a

ks



simple relation between target duration and the minimal interstimulus
interval which permitted evasion of the masking action: target duration
X interstimulus interval = a constant. That result, as Kahneman (1968)
has pointed out, has not subsequently been investigated. It is an impor-
tant result because the observation that the minimum interval permitting
perception varies inversely with target stimulus duration is the very
stuff out of which an integration hypothesis is made. Masking is deter~
mined by properties of the stimuli, not by the time elapsing between the
onsets of the stimuli. The present series of experiments began, therefore,
with a partial replication of the experiments of Kinsbourne and Warrington
(1962a).

GENERAL METHODOLOGY

What follows is a brief description of some of the terms used in the
present communication and some general comments on procedure, apparatus,
stimulus materials, and subjects.

Terms

(1) Target (T) refers to the stimulus which S (the subject) is re-
quired to identify.

(ii) Random noise (RN) refers to a masking stimulus such as that shouwn
in Figure 2. A mask of thilis sort had been used in the Kinsbourne and War-
.rington experiments. Described by Kinsbourne and Warrington as a noninfor-
mational stimulus, the mask reproduced in Figure 2 is a section of the ran-
dom pattern (visual noise) described by Laner, Morris, and Oldfield (1957}
--type 80 units/sq. cm. In the present experiments the size of the visual

field subtended by RN was 3.5° vertical by 6.5° horizorntal.

(11i) The term "pattern mask" (PM) was reserved for masks other than RN.l
An example of PM is given in Figure 2. An essential feature of PM repro-
duced in Figure 2 is that the lines comprising the task were of the same
thickness as the T letters. All masks classified as PM shared this charac-
teristie with the target material

tiv) Time elapeing between offset of T and onset of meek field 15 re—
ferred to as 1nterstimulue interval (ISI).

(v) ' The minimum ISI at which a maeking field no 1onger effects T ac-
cording to a predetermined performance eriterien is referred to as the
critical ISI (ISI ) :

(v1) The time elapeing between the onset of T and the ‘onset of ther
masking field is referred to as etimulus nnset asynehrony (SOA) (see.
Kahnemen, 1968) : S ; , I

(vil) The m;nimum dulatien of T that permlts evaelon of . masking o
IST' =0 meee), aecarding tc ecme crttericn, ie deflned as the crltic 1 T

duratlon.

l he use . here of tne term pattern" ie, of eouree, arbitrary, PM like RN
- is essentially a random arraﬁgement.r:- : . ,
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Procedure

The procedure which was used for most of the present series of ex-
periments mutatis mutandis is spelled out below in some detail. It is
essentially the procedure used by Kinsbourne and Warrington (1962a, 1962b).

A T stimulus was presented to S for a brief period of time followed at
varying intervals by the mask stimulus. The task of S was to identify the
T stimulus. The duration of the T stimulus and the duration of the mask
stimulus were held constant and ISI was increased from zero in steps of 2
msec to some value at which S correctly identified a T stimulus. At each IST
-step, the T stimulus was changed whether. S was correct or incorrect. The
ISI value at which S correctly identified a T stimulus was left unchanged
for the next T stlmulus. If, however, S was incorrect, the ISI was in-
o creased by 1 msec for the follow;ng T presentation. This procedure was con-
o " tinued until 5 correctly identified four T stimuli in sueces51on. The ISI
: - value at which S identified four T stimuli in succession was designated .as
IST.. Kinsbourne and Warrington had defined ISI, as that ISI at which § first
reported a T stimulus correctly. However, it had been noted in pilot work
that some letters were identified at briefer ISI's than others; that there
were sllght variations in the transmission values o£ I slldes and thus

- one - T stimulus correct 'did not speeify accurately the ISI value at. which
~,masking was no longer occurring for all T stimuli.

- A number of different T durations were employed and for each, ISI,

~.was determined at several values of mask duretion. In the course of de—
-termining the ISIg's, several orderings of the T stimuli were used. In all
i experiments, for all T duratlens, identification was 100/ accurste in the
‘jebsence of "the mask, . : :

d'}AEEaratus

A six‘channel tachistosccpe (Sclentiflc Prototype, Model GB) with au- -
. tomatic. stimulus " ehengers was used for the present series of. experiments.
7 ~The two threeechannel optical units ‘of ‘the tachistoscope permitted monop-
. tic-and dichoptic presentati_ - fistimuli and one unit could: be readily
.”f;modified for binocular presentation.  One of the two separste units was
";~ad3ustable for interocular distanee ‘and convergence angle. “The apparent
7fV1ewing distance was 36 ft and the field of the taehlstoscope subtended
w33 5°,vertical by 6.5° horizontal. Coarse intensity controls were. avsil—
S ' '”nonllnearities required the use of Kodak. neutral den51ty filters
"f;for accurate variation of stimulus luminsnce.; Luminance ‘was. measured at
'the‘eyepiece by ‘a spectra brightness spotmeter (Photo Research)

"Three 100-s11de sets of letter stimull were constructed, The stlmuli_
in-a The poeitives,;”

e held in 2" x Z"f 35—mm sllde ‘mounts.. . In one;

‘ -5e he 1etters were located singly at the: center of “the slldes. ‘Those -

: FLletters were- the symmetrical letters of the alphabet (A, H, I, M, 0, T, U ,
i .J In ‘a: second set thsse seme letters were loeated singly to ‘the -




side of the center. A third set consisted of consonant trigrams, i.e.,
three letters to a slide, selected from all the consonants. No consonant
was repeated within a slide,

The letters in all sets subtended .67° vertical by an average .36°
horizontal., The thickness of the letters subtended .05° visual angle. 1In
the set of single letters displaced off center, the angular distance he-
tween the center of the slide (or fixation point) and the center of a let-
ter was 1.37°. For the consonant trigrams, the separation between the
letter edges was on the order of .40°. TFor all T stimuli, the field of
view was 3.5° vertical by 6.5° horizontal.

. For the most part, Ss were Yale University students who were paid for
their services. University of Comnecticut graduate students and members
of Haskins Laboratories also served as Ss in several experiments. All Ss
had normal or corrected to normal vision.

EXPERIMENT I

Method

In Exp. I the T material was the set of centrally located symmetri-
_cal letters and the after-coming mask RN. Three durations of T were em-
ployed, 2, 4, and 6 msec, which were presented in this order for each S.
For each T duration, ISI; was determined at RN durations of 1, 2, 3, 4, ~s,
6, 8, 10, and 50 msec. The luminance of T and that of RN was 15 ft L and
the fixation field was :25 ft L. The stimuli were delivered binocularly.
Four Ss particlpated in the exp@riment, one S was not naive to masking
;phengmena.

,Eesgltsﬁand Discussion-’

. Thé data of the four Ss are shown in Figures 3 and 4. Figure 3 shows
the plot of ISI, as a function of RN duration for each 5. Figure 4 shows
the I5I. by ‘RN duratlon funct1ons averaged ‘AcCross Ss with T .duration as
the curve parameter.3‘ - ' :

As can, be ‘seen on ;nspection Qf the figur;s, the masking effect of RN

- varies ina dlscontlnous fashion With its exposure duration.  The effect of
varying. duratlen of ‘RN achieves its maximum sharply.  Increasing ‘the RN
duration beyond some value does not augment the masking effect, i.e., it
_does not extend the intérval over -which masking can-be-obtained. . All of
" this concurs with:the ‘original observations of Kinsbourne. and’ Warringtan

- (1962a).- ~Inspection -of ‘Figure 4 yields further corroboration of Kinsbourne

. and® Warrington ‘in that there exists a simple relation between T duration

and ISI, at asymptote: T duration x ISI. = a constant. The picture is not

..as- tldy as it. might be, T duration x ISIs does not. yield exactly ‘the same - -
,value at 2 msec as it does at 4 and 6 msec yet the values are close enough

- "'2The fixatlon fleld 1. e.;_the f;eld lmmediately prégeding and succeeding the T o
_I<1(:1e1d , was at thls 1evel cf lumlnance for each éXﬂeriment in the preaent geries-"
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Kinsbourne and Warrington (1962b) interpret this result as reflect-—
ing the fact that ISI; is '"the time which permits the perceptual process
to deal with the two stimuli separately in succession, rather than simul-
taneously as a composite, and therefore unintelligible stimulus" (p. 235).
It is quite evident that the formulation, T duration x ISI. = a constant.
argues strongly against onset-opset time and for T duration as the rele-
vant parameter in masking by noise. There is, of course, the question of
whether it is T exposure duration per se or the quantity of light in the
stimulus that is important. The second experiment examined this question.

EXPERIMENT II

The time-intensity reciprocity law, known for human vision as Bloch's
Law, says that a given effect can be achieved by the reciprocal manipula-
tion of luminance and duration of a light flash. In the second experiment
luminance of T was manipulated so as to produce a constant snergy value for
different exposure durations. If T energy rather than T duration was the
important independent variable, then varying T exposure duration with en~-
ergy held comstant should not produce the inverse relation between T dura-
tion and 1ISI, obtained in Exp. I; rather, ISIc should remain eonstent. Such
an outcome would indicate that the formulation, T duration x ISI, = a con-
stant, should be written: T energy x ISI, = a constant. :

Method

. Experiment I1 was conducted in two parts.. In Part 1, stimulus presen—
tation was binocular. Two naive Sg were tested in the paradigm described
in Exp. I.  For both Ss, ISI. was determined at several values of RN dura-
tion for two duret;on—intensity velues of T.ﬂ 2 msec,zo ft L _and 8 msec, 5
ft L. The T stimuli were the set of centrally located - symmetrical letters.
The luminance of RN was 15 ft L. In Part 2, presentaticn of stimuvli was '
monocular-. The stimuli were presenteuJet the _right eye. -Two -ditferent
naive Ss were tested in the ‘manner desgribed in Exp. I and Part 1 above.
The values of T ‘were 2 msec,' 4. ft L. and 4 msee,z £t L. The stimuli were
the set of consonant trigrams. The definition of ISI in this case was
" four’ trigreme repnrted correctly in succession. ~The S had to repott all
three letters to be correct; correct order of 1etters, however, wee not re-
. qulred.' The intensity ef RN was 15 ft L

In: both parts 1 and 2, order to T values was-counterbalanced acrose the
two Ss. o : '

Reeults end Dieeueeion

The deta of the two' Ss in Pert 1. are given in the ppper penels ef Flg—
ure 5. The data of - the twe Ss in Part 2 are. given in the lower panels Qf

the eame figure.

Comperieon of ‘the funetions repredueed dn- Figure 5 with those in Fig-
ure- 3y whieh give the data “of. Exp.,I; euggests ‘that T energy, ‘not T dura—,.,
" tionm, is the’ proper independent vatieble.~ In .the upper penels of Figure 5,
for exemple, Is1, for .both"8s was: unehanged from-a’ 2=msec to.an S—msee ex-
. posure.duration- of T.. -As. Figure 3 from: Exp. L shews, ‘I8Lgs for. the exposure
-- . duration-of :6 msec s 51gn1ficantly ‘lower: than. ISTe- for the exposure-dura- . .
‘tion” of 2 msec. - In Exp.,, energy increaeed with inc:eeee in expeeure du:etien,

‘11
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*fintegration theory.ﬁ it assumes a’ nonllnear summation of responae rather
'than a linear summation of atimuli.. . : » .

in Exp. II total quantity of light was held constant across the exposure
durations. Masking by RN, therefore, seemed to be very much a matter of
stimulus energies. Further evidence to this effect was given in the ob-
servation that the minimal RN energy needed to mask a T stimulus was di-
rectly related to the T energy as can be seen by inspection of Figure 4.

The masking reported in Exps. I and II is, perhaps, explicable in
terms of the lack of fine temporal resolution in the visual system. That
1s to say, stimuli presented in succession with too brief an interval e-
lapsing between them are perceived as essentially simultaneous, an inter-
pretation of masking proposed by Kinsbourne and Warrington and championed
in a multitude of articles by Eriksen (e.g., Eriksen, 1966; Eriksen and
Collins, 1965; Eriksen and Hoffman, 1963). The best-known example of this
lack of temporal resolution is Bloch's Law: within some critical period,
usually of the order of 100 msec, time and intensity of stimulation can be
reciprocally interchanged without changing the visual effect. Research by
Davy (1952) has shown, at least for the periphery of the retina, that such
integration of energy over time by the visual system is independent of the
distribution of energy within this period. The reciprocity between lumi-
nance and duration in the rule, T energy x ISI, = a constant, suggests that
the masking demonstrated in Exps. I and II may be another manifestation of
the visual processea underlying Bloch's Law. :

The - explanation of masking by . RN as due to the lack of fine’ temporal
resolution in the visual system implies that T and RN are treated as a sin-
gle package presumably at some. later stage in the proce551ng of visual in-
formation. The impairment in the perception of T may- ‘be attributed to a
confusion of features or ‘contours or to a ‘change in the" minlmum acuity re-

"‘quirementa (Erikaan and Collins, - 1965 ‘Purcell, Stewart,_and Dember,- 1968).

It may: also be due to- aummation of T luminance with RN luminance. Lumi- "
nance summation ‘would reduee tha contrast between the T form and its back—
ground, thereby 1mpa1r1ng detection ‘and 1dent1f1eatinn (e.g., Thompson, o
1966). In any avent, the argument is.that the resulting repreaentation of
T is degraded. . . S

Tt should ‘be noted that ‘an explanation closely related to the. 1ntegra——
tion hypothesis described . ‘above may -also account for. the- ‘masking . observed
in Exps. I and II., This. explanation assumes that’ the masklng atimulus over-

-takes or smears ‘the discrimlnability of T by "catching up" with T somewhere

in the transmission ‘channel (Crawford 19475 Fry, 1934"Laibov1e, '1968;
Stigler, 1910). Essential to '"overtake' hypotheses is. the requirement  that

-:the masking Stimulus be more intense than the’ T stimnlaa. The 1ataney of

j ulue inten51ty (Monnier, 1952) Thus>a mask will travel at a greater speed
T betWeenrreceptor and cort n. g’ ; '

L,ward masking by arflash of light have '

: recently been reported by Schiller (1968) “In- single—eell reccrdings in.
the lateral geniculate nucleus of the cat, Schiller (1968) observed that
“ cells which respond-at ‘their maximal level to the mask stimulius: fail to

: regiater the earlier display of the T stimulus. :

jIn eertain ways, as lent-’
tha overtake conception may be: deacribed as an-




At all events, there must be seriocus reservations about the utility
of "overtake" as an explanation of the masking by RN. That T and RN in
Exp. I were of equal intensity suggests that "overtake'" is not appropri-
ate to that experiment. What of Exp. II? 1In three of the conditions of
the two parts of Exp. II, RN intensity was greater than T intensity. In
one condition RN intensity was less than T intensity. Inspection of Fig-
ure 5 does not reveal any difference between condition T = 2 msec, 20 ft L,
and the other conditions to suggest that mask intensity was the crucial

variable.
EXPERIMENT III

The third experiment primarily compares the severity of bdckward mask-
ing by RN under monoptic and dichoptic presentaticon. It also looks for
. differences in ISI, as a function of the hemisphere receiving the stimuli.
In the monoptic conditions, T and RN were delivered to the same hemiretina.
In the dichoptic conditions, T and RN were presented to different hemire=
tinas but to the same hemisphere.

Method

The procedure was identical in most respects to that described in
Exp. I. For monoptic and dichoptic delivery of inputs, both of the three-
channel units of the tachistoscope were used.. The two fields of view, one
for each .eye, both contained a centrally located fixation point and were
set at the Same luminence, .25 ft L.3  Whcther S was receiving a monoptic
or. dlchoptic sequence, he was required to iew with both eyes. Both T and
RN appeared on the same side of the fixation point: 'in the monoptic con-
~dition they came to: the ‘same’ eye,,end in’ thE«dlchOPtlc, ‘to. different eyee.
‘The T stimuli were the. set of - symmetrical letters diepleced off :center
1.37°. The RN subtended 2.25° horizontal by 1.5° vertieel with ite inner '
edge bisecting vertically the fixetion point. =

. ] Four Ss pertlcipeted dn the. experiment. Two Ss were not naive. lTwo
Ss received dichoptic conditions followed by moﬁoptie,rthe other. two. Ss-

}l,received monoptic followed by dichaptic, ~Each 8§ received one of" the four
- orders of the dichoptic conditions in a pertielly counterbalanced deeign

in which each condition was- teeted once across Ss in each test-order po-
51t10n., Stimull preeentations were. not mixed; S always knew that- within
a condition, T and. RN Would always eppear in the _same ,half of the v1sual

_,field say. the 1eft.rr .

- For: eaeh S, the interocular dlstance of the tvo. eye pieces wae adgustﬁ"
ed to facilitete convergence - ‘of the two-fixation: points. “The Ss° were re-

- quired to: converge ‘the two fixetion pointe prior to- presentation of stimu—

1i.. The Se were told to indieete to the experimentEr eny occeeion on which

'slhie wae the cese for each dicheptic preeentetlon condition deecribed in'i
. the preeent paper.aryx : . . . . o




they were aware of their eyes moving off the converged fixation point prior
to stimulus presentation. Involuntary eye movements do occur during fixation;
however, the work of Riggs, Armington, and Ratliff (1954) indicates that dur-
ing a 10-msec exposure the typical excursion is less than 5 sec of arc.

For all conditions the exposure duration of T was 4 msec. The expo-
sure durations of RN were 1, 2, 3, 4, 5, 6, 8, 10, and 50 msec. Critical
ISI was determined by the usual procedure at each RN duration in the or-
der shown. Throughout, T and RN were of equal luminance, 10 ft L.

Reeulte and Discussion

The most’ important feature of Exp. III was the failure to obtain masking
in any of the dichoptic conditions. 1In all the dichoptic conditions, 8 was
able to identrfy the T letters at any ISI value in the range 0 msec to 300
msec, at SO0A = 0 msec, and at any exposure duration of RN ranging from 1 msec
to 500 msec. (All these results were confirmed subsequently with several
other Ss.) The data for monoptic presentation are given in Figure 6. "All
functions are in accord with that observed in Exp. I for T = 4 msec.

The mean of the ISI.'s at RN durations of 5, 6, 8, 10, and 50 msec
were computed for each 8 in each of the four conditions. These means were
submitted to a Treacment X 8s analysis of variance. The main effect of
transmission line was significant, F (3,9) = 6.39, p £.05.

Inspection of Fig. 6 suggests that (i) ISI, for the nasal transmission
lines was less than that for the temporal tranem1551on lines and (ii) ISI,
was less for stimuli preeeuted in the rlght visual f1eld i1.e., to the left

“hemisphere. Both suggestions are in agreement with the general body of da-
ta on laterality differences. with unilateral: preeentetion conditions (see -
‘White,  1969). No further’ comment will be made on these laterality data.
More important for present purposes is an examination of poseible reasons
underlyrng the absence of dlchoptlc masking by RN.V N

Altheugh S in dLChOPth conditicne could ;dentlfy T etimuli without
difficulty, T was not completely unaffected by BRN: Further inveetigation
‘revealed that at exposure duration and luminance close to ‘threshold, 1den-
~tification and/or ‘appearance ‘of . T st;mulr ‘could be 1mpaired by RN at SO0A =
‘0 msec. An increase in T duration of ‘the order of several milliseconds
would be enough," hcwever, to overcome that effect of RN. The effect of RN
- in the dichoptic mode was at’ best- a very modest one.. Since in dichoptic
preeentation T and RN can. ‘only interact .centrally, the. conclusion must be
~drawn that the locus of masking by RN as-observed in Expsi I and II was.
‘prlmarlly, if nct Sclely,'in the perlpher’l v1sua1'eystem '

, Backward masking of forms in the dichopti,“mout has been reported in - »
,Vthe litereture (e.g. Schiller, 1965;. Schiller and: Wiener, 1963; Smith and . -
».Schiller, 1966). The effecty hawever, is restricted to. masks-which: contain v
‘contours;.a hemegeneous flesh ‘of 1ight does not mask farms dichoptically
- '(e.g., Mowbray and Durr,Al964 Smith -and ‘Schiller, - 1966 ©'Schiller ‘and . -
'-Wlener, 1963) 4,Thue,~i " prese experiments RN is operating like a

most pert on- the use- of neer—threshold T stlmuli and the relatlvely crose .
Pmﬁmitl’ of ‘T ‘and ‘mask borders’ (Batt’*rsby ‘and - Wegman, 1962 Boynton, 1961).

":;15513,‘:
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homogeneous field of light., A first guess, tharefcre, was that failure to
confirm masking in dichoptic presentation in the present experiment was in
some part due to the relation between T and RN. Several investigators

have commented on the fact that in many instances masking is highly form-
specific (e.g., Buchsbaum and Mayznzr, 1968; Fit. erald and Kirkham, 1966;
Houlihan and Sekuler, 1968; Parlee, 1969; Schiller, 1965; Sekuler, 1965).
There was little, if any, formal similarity between T and RN in the pre-
sent experiment. It is, however, important to note that with almost the
same type of stimuli (T and RN), Kinsbourne and Warrington (1962b) did ob-
tain masking with dichoptiec presentation.  For these reasons, various stim-
uli were examined in the dichoptic mode, including other random noise dis-
plays. - An initial observation was that the inverse of the RN mask did pro-
duce a fairly significant effect dichoptically. Figure 7 probably shows
why. The inverse of RN has much larger dark regions which approximate the
thickness of the T letters. However, the inverse of RN was not considered
to be as effective a mask as some other stimulus patterns, one of which is
also shown in Figure 7. :

A pattern of lines of the same thickness as T letters located only in
the region of the display field occupied by a T letter was eventually se-
lected for further investigation of masking in dichoptic regard. The pat-
tern mask (PM) is shown in Figure-2, Casual investigation revealed that
such a pattern was an effective dichoptic mask.

EXPERIMENT Iv

Experiment IV looked at the relation between RN dnd PM Speeif;cally
it asked whether it was correct -to assume that RN influenced a stimulus
only if it followed on the same transmission line and, therefore, differed
from PM which could have a central 1nf1uence. » e

Method

As in Exp. III, T and mask stimuli were presented to hemiretinas. - The
T stimuli were presented in- the;right visual field of the left eye, i.e.;on
the left temporal transmission line. The RN and. PM stimuli described above
were used. as masks, The RN stimulus was présented in either the right vis-
ual field of the right eye or the right visual field of the left eye, i.e.,f
on the right nasal or-left’ temporal transm1551on 1ine.’ The PM: stimulus was .
presented in the right visual field of the right eye" (see Figure 8). -

) Exposure duratlons of T PM and RN Were 4 msec, 4 msec, and 10 mse;,A

- respectively. “Pilot work had shnwn'that a 4—mser exposure of FPM could ef-
fectively mask dlchoptically a 4=ms ‘e of-T within a-relatively:

" large. IST range. Previcus experimEnts, Exps' 'qand III for example, had

;ﬂlready shown that RN of- ‘10-msec: duratlon effectlvely maskeé a preceding
4-msec exposure of the same intensity on the same’ ‘transmission line: if.the
‘two -stimuli were separated’ by -an" ISI. of: less’ than about 30 msec. - The: in-
"tensities of T, PM; and RN were equal’ ‘at: lSEft L., The pattern ‘of ‘lines
constituting PM were displaced off-center on a slide so as to cover the area = .
in the field Dccupled by the set cf off—center symmetrical 1etter5 which were .
the T, Stimuli. : . e o S : . e : .
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Each of six Ss were tested in all five conditions with twenty stimu-
1i presented for identification in each condition. All six Ss went through
the five conditions in sequence (i.e., Al, B1, B2, Cl1l, C2) four times, with
five observations made each time in each condition. Predictions based on
the assumption that RN operated only peripherally were as follows: (a)

In condition Al, T would be masked by PM. (b) 1In conditions Bl and Cl, T
would be seen and identified against RN as background. Note that in Bl the
relation between T and RN was Jichoptic; in Cl both stimuli were presented
at the left temporal hemiretina. The particular ISI value was chosen to
insure that RN would not monoptically mask T in conditien Cl. (¢) In con-
dition B2, T would be seen and identified against RN as background because
RN would mask PM in the transmission channel, thereby preventing the cen-—
tral interference of T by FM. On the other hand, in condition C2, T would
still be masked by PM. Note that the only difference between B2 and C2 was
that in the former, RN was on the same transmission line as PM.

Results and Discussion

The data of all six Ss conformed to the predictions. All six Ss failed
to identify any of the twenty letters in conditions Al and C2; since Ss were
not told to guess their typical response was '"mothing." All six 85 identi-
fied every letter in condition B2. As a check on the phenomenon, to see if
asynchrony of the three stimuli was essential to the effect (cf., Robinson,
1968), each S was tested in conditions Al, Bl, and B2 with the three stimu-
1i delivered simultaneously (i.e., SOA = O msec). The results of simultan-
~ eous presentation were identical to those of successive presentation: no

maeklng in conditions Bl and B2, complete masking (i.e., no identificatlon
of the T 1etters) in condition Al ~Temporal geparation of stimuli was
' therefore not necessary for the effect.; Further investlgatlon also showed
that this "recovery of T effect" could be obtained with T and masks pre—
sented to the entire retina rather than hemiretinas. The phenomenon was
easily demonstrated 1nformally many times subsequent to the experiment 5

: "Disinhibition ‘effects are not uncommon in the literature on masklng.
Robinson (1966 1968), Dember and Purcell (1967), Purcell and Dember (1968),

- and Schlller ‘and Greenfield (1969) have all demonstrated that the masking

Veffect of .a stimulus can be inhibited by a subsequent stimulus. - A mechan-—
ism proposed dn the literature (e.g., Robilnson, 1968) for the "' recovery of T"-
" phenomenon is lateral inhibition, which is often expressed as the likely
mechanism- underlying masking in general (see Weisstein, 1968). "Although
some investigators have criticized a lateral inhibition explanation of mask-

. ing (e.g., Eriksen and Marshall, 1969; Kahneman, 1967a; Uttal, 1970), it

.. remains for the. most part a forceful explanation  of disinhibition. In fact
_ Weisstein (1968) views ''recovery of T" or disinhibition exweriments as direct
tests of a- lateral inhibitlon model of, masking., o

7‘; gateral inhibltion refers to- the Suppression of neural response by

ne1ghbor1ng ‘neural responses. Consider a stimulus delivered to the "on

TSA homogeneous light flash of energy greater than T produced the same effect
.when substltuted for RN. . . : o
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region of a receptive field of a cell==the cell fires above its normal
spontaneous rate. If the stimulus had been delivered in the "off" region,
the cell would fire below its normal rate. If both the "on" and "off'" re-
gions are stimulated simultaneously, the cell fires neither at the onset
nor at the offset of stimulation. The lateral inhibition explanation of
masking assumés that the neurons respornding to the mask inhibit the neu-
rons responding to thé T stimulus. In its barest essentials the lateral
inhibition explanation of the "récovery of T" is that the responses of the
neurons stimulated by the second mask suppress the responses of the neu-
rons stimulated by the first mask, thus freeing the T stimulus (or rather
the neurons responding to T) from the inhibiting influence of the first
mask. Presumably the cells responding to the second mask are not particu-
larly close neighbors of those responding to T.

In the present experiment the masking of T by PM was of central ori-
gin; the masking of PM by RN was of peripheral origin. This cannot be ex-
plained by a model such as that proposed by Weisstein (1968), which must
maintain that the masking of T by PM and of PM by RN occur at the same lo-
cus with the same underlying neural net. Comparing condition C2 with B2
clearly shows that the two masking effects did not have the same locus.
Robinson (1968) reported a failure. to elicit disinhibiticn when the dis-

gtimulus snd the first mesk This result was 1nferpreted by Robinson to
mean that disinhibition could be obtained only when all three stimuli were
input to the same eye, and that disinhibition was, therefore, due to recur-—
rent lateral inhibition influences in the retine. Obviously, that interpre-
tation cannot apply to the present data.

In short, the: present experlment brings into question the sppropriete—'
ness of the term '"disinhibition" and the concept of lateral inhibition ~as
applied -to the' recovery of T' phenomenon.

Kclers% Clerk=Custcmer Anslogv

A preferred approach to the data of Exp IV and to those of the exper-

iments ‘which follow-is given in an analogy proposed by Kolers (1968). "A
,customer who enters a store is usually treated as fully- as the attending
clerk can treat him; a. second customer then enterlng, the clerk tends to
shorten the ‘amount ‘of time he spends with the first. 1In a store whose cus-
tomers enter aperiodically,  the amount of treatment- given to anyone depends
“upon’ whether a second enters; if’ "he dces, treatment - of the first is usually
,,shortened ~In this: analogy, the v1sual inputs are the 'customers' and the :
central processor the ' clerk'" (p. 38) .. The anslmgy is revealing.' It would -
- suggest that in the present. experiment the loss in perceptibility of T when
- PM-is presented cannot be:because T is-' erased " On ‘the contrary, T may

- persist but what ‘is- known of T is limited The clerk cen -£find -out a great
deal from his" customer- how he feels todey, how the wife is,‘whethcr ‘he:
wants brand X or brand Y, etc. With the appearance of .another customer,
] however, much of this is. 1eft undone. If the second: custcmer 1s ‘particu--

- larly. compcllingAﬂnd close: ‘on  the: ‘heels of. the preceding customer, the. clerk
‘may. come to know very. little, 1iE. snything, of his. first customer's dispos1—'
~tions and wants. . The analogy is further’ ‘illiminating in’ that it dmplies ©
;that RN prevented B (conditicn 32) from gelnlng ‘access to the store housing 7



the clerk, or central processor. For the analogy, the impairment in the
perception of T by PM was not due to interference between the inputs, or
customers, rather it was the result of their effect upon the central de- .
vice, or clerk. On the other hand, the loss of perceptibility of PM, and
consequently, the loss of its masgking effect on T, might have been due to
degradation by RN with this interference taking pleee in the transmission
channel itself.

It is evident that RN must gain access to a central processor. In
the present experiment in conditions Bl and B2, for example, T and RN were
seen clearly by 8; in condition C2, § saw PM and RN clearly. Introspec=
tive accounts were that T or PM appeered "through'" RN or "on top of" RN.V
This would suggest that figural analysis or synthesis (depending on one's
predilections) of T (or PM) and RN were accomplished in parallel by dif-
ferent processors or neural systems (cf., Liss, 1968) or concurrently by
the same processor. Indeed, RN should function as a central mask for some
stimuli. All this implies that masking with dichoptic: presentation occurs
whenever the analyses of both T and the mask’ require the use of the same
central mechanism, or the same components of a single central mechanism,
and not otherwise. On the other hand, binocular and monocular masking,
where peripheral interaction can occur, may not be so dependent on formal
similarity between T and the mask.

EXPERIMENVT v

Kinsbourne and Warrington (1962b) reported that the relation, T dur-
ation x ISI. = a constant, described masking functions for dichoptic, as
well as _monoptic, preeentatien. Experiments I and II of the present series.
taken together imply that the proper independent variable for masking by RN
was. not duration of T but’ rather the total quantity of " ‘1light in the T ‘expo—
sure.  The Kinsbourne and Werrington reletien was therefore rewritten. T
energy x ISI. = a constant. AS Exps. 'III and. IV showed, however, the ori-
gin or locus of the interfering effect of RN on the perceptibility of T was
in the transmission line.. Perhaps, then, the relation, T energy Xx IS81. =
a conetant, epeake only :to- peripherel interaction,,eentrery ‘to the Teport

~ of Kinsbourne and Werrington. ‘The variation on Kolers's (1968) clerk-and- -
customer metepher deecribed above hints at an difference between masking -or-
‘1ginating outside the store (peripherally) ‘and maeking origineting inside
‘the store (centrally). There are also several sources of data which sug=
gest that masking under cenditicns of dieheptic preeentetion difﬁers in a
fundamental and intereetlng way from ‘monoptic masking.- ~Boynton (1961) and
Schiller (1969) report experiments ehewing thet dicheptic maeking ie rele—»v
tively independent of - stimulus intensity. - : o

Method

The design ef Exp V was’ comparable to’ that of Exp.,I but etimulus

presentation was dicheptie end PM was the efter—eoming mask.  The cunfigur—
ation of “lines used for' PM was. centrally located in-the mask field, the T
. ‘material was the’ ‘set of eentrelly located symmetrical letters and both 7
[their 1umineneee'were 4 ft L. ~(Thus, the present experiment contrasts with
the preceding two . in thet preeentation was to’ retinas rather  than tc hemia )
fret nas ) “Four naive Ss were' prﬂsented with T to the 1eft éye end ‘PM to ‘the
right eye., ‘For two duretione of: T 4 msec. and 10 msec, ISIC was determined
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for the following exposure durations of PM: .5, 1, 2, 3, 4, 5, 6, 8, 10,
25, and 50 msec.

Results and Discussion

The functions relating ISI, to PM exposure duration for the two dura-
tions of T are reproduced in Figure 9. Each data point represents the av-
erage of the four Ss.

The most important aspect of Figure 9 is the absence of any dramatic
separation between ISI. for the two exposure durations of T. Compare this
figure with the data of Exp. I, in which stimulus presentation was binocu-
lar and the after-coming mask was RN; there the ISI, separation between T =
2 msec and T = 6 msec in Figure 4 was about 35 mseca

The data reproduced in Figure 9 showts that the relation, T duration x
ISI. = a constant, does not describe dichoptic masking by PM. If that re-
lation was in effect, then ISI. for T = 10 msec should have been on the or-
der of, at most, 14 to 16 msec, given that the mean ISI, for T = 4 msec was
about 36 msec. Again it should be noted that Kinsbourne and Warrington
(1962b) did find that the relation, T duration x ISI. = a constant, held
for meeking in the dichoptic mode. The reason for the disparity between
the data of the preeent experiment end those of Kinsbourne end Werrlngton
is unclear.

] Two other aspects of “Figure 9 deserve comment. First, ISI, tends for
both T expoeure durations to decrease with an increase in PM duretion beyond
10 msec. Subsequent informal experiments revealed that this was a fairly
common occurrence. --One hypothesis about this. somewhat unexpected ‘observa-
tion was. that it perheps reflected the dependence of masking in the dichop-
 tic mode on stimulus-offset asynchrony. ~However, phenomenoleglcel descrip-
tion suggested an alternative: possibility. At the’ longer durations of PM,
Ss- reported that ‘the field. surrounding the configuration of - lines (eee Fig=
‘ure 2) was very bright and that- the pattern itself eppeared degraded. As a
rcheck on the- importance of . duration E;;;se, the luminance of PM at the long-
‘‘er durations-was ‘reduced. ~The result was the ISI¢ remeined relatively in-".
verient across meek duratlons from 10 to 100 .msec. :

_ ) It seems, therefore, thet as posure duration increeses ‘and 1nten51ty
is held constant, a display such as PM, consietlng of a flgure on a ground,
may partially mask itself. The surroundlng bright . area may. degrade the form-
of the central dark-area. -This effect probably takes:place-on the transmis—
- 'sion channel itself rather than: centrelly., Purcell, Stewart, and Dember
(1969) have made a similar observation: within certain limits, increasing
'1uminence or duretlon increeees the eueceptlblllty cf a stimulus to meeklng.

. Second,,and more importent, comperieon of Figure 9 with Figure 4 of ]
Exp; I indicates that for a given T duration ‘masking in the dichoptic ‘mode
was obtained. with mask expceure durations ‘of less than the’ minimal duration
*fcund to be effective in binocular (and monocular, e g.; Exp II) conditions.

._Moreover, the min,, ”duretion cf ‘the efter—coming PM ‘which- substentielly
-masked. T 1n the presernt- experiment was ‘not contlngent on the “duration of T

, 1tse1f 3—meec duretion of PM was as effective ‘a- mesk for T = 1D msec as
23"
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it was for T = 4 msec. This is in sharp contrast to the results obtained
binocularly and monocularly with RN, where the minimal duration of the
mask which impaired the perception of T was a direct function of T dura-
tion.

EXPERTMENT VI

Experiment VI was conducted to compare monoptic masking by RN and PM,
with dichoptic masking by PM. A conclusion of Exp. V was that mask dura-~
tions which fail in the monoptic and binocular situations to mask T of a
given duration do function effectively under conditions of dichoptic pre-
sentation. That conclusion, however, had to be accepted with some reser-
vations since the functions under comparison were obtained with different
masks. The monocular and binocular data were obtained with RN as mask;
the dichoptic data were obtained with PM.

Metbod

Four naive Ss participated in the experiment over two days. Two Ss
were tested in the dichoptic mode on Day 1 and the monoptic mode on Day 2.
The other two S8s received the reverse order. In the monoptic condition for
two Ss, masking was examined first with PM and then with RN as the after-
coming stimulus; the other two 58 were tested in the reverse order. The T

stimuli were presented to the left eys.

‘The exposure duration of T was 4 msec for both monoptic and dichoptic
conditions. - The luminances of T, PM, and RN were each 10 £t L., The set
of - centrally located: symmetrical letters were the T stimuli. For each §
“in- the monoptic conditions,,ISI was determined by the usual procedure for
the following mask durations in- “the order shown: 1, 2, 4, 6, 10, 50, and
100 msec.  In the dichoptic conditions, IST, was determined at PM exposure
'durstions of 1, 2, 4 6 and 10 msec. : ,

Results snd Discussign‘

The Tesults for both monoptic and dichoptic presentstion are ‘given in
VFigure lQ.V Esch data point represents the sversge ISIE of the four Ss.r

. First inspection of Figure 10 shows ‘that masking- in the dichoptic mode
can be produced by mask exposure durations which are ineffective in monop-
tic presentation. In the monoptic condition mssking by PM at durations of
1, 2, or 4 msec was practically nonexistent. Figure 10 also ‘shows thst mask~
ing in the monoptic mode by PM was more severe ‘than mssking by RN. )

For the" present, ‘what' is important suout Exp VI is that it adds to the'
suspicions aroused- in Exp. V ‘that dichoptic mssking is governed by somewhat

- different principles than monoptic ‘mazking. - In" dichoptic presentstion cen—

tral devices receive "clean' stimuli, 1. e., imputs that are free from the
possible-confounding effects of ‘the betWeen—stlmulus interference introduced
when both 'stimuli- have come to the central: dev1ce by a- common “peripheral '
‘“route. The between—stimulus interference which results when ‘the stimuli ‘tra-
-vel on a.common transmisSion line” sppesrs to:be due, in" part, to- the compsre
ative. strengrhs of the stimuli. A" 1-msec duration of:PM failed to mask mon-
optically a. 4-msec duration of-T- of the same luminsnce becsuse T- hsd more-
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energy than PM. Stimulus strength, however, was not a prominent factor
in central processes. In dichoptic presentation, a l-msec duration of

PM masked a preceding 4-msec duration of T of the same luminance in spite
- of the fact that T was the stronger signal.

EXPERIMENT VII

A tentative conclusion drawn from Exp. V was that the relation, T
duration x ISI, = a constant, did not hold true for dichoptic viewing.
That experiment seriously questioned the status of T duration as a de-
termining temporal variable in dichoptic masking. Furthermore, in Exps.
V and VI mask exposure duration was not as important a variable in. dichop-
tic presentation as it was in monocular or binocular presentation. The
relevant temporal parameter in dichoptic masking 1s suggested in the mask-
ing functions of Exp. V (Figure 9). The average separation between ISI
for T = 4 msec and 10 msec was approximately 7. msec, which is roughly the
~difference between the two durations. That coincidence implicates SOA as
the 1likely candidate for the role of determining temporal variable in di-
choptic masking. Kahneman (1968) and Haber (1969b) advocate SOA as the
important temporal variable in masking rather than stimulus duration or
ISI. However, the data of Exp. I, and of Kinshourne and Warrington (1962a),
are compelling evidence against the theory that SOA is the only relevant
variable. Clearly, the conditions under which SOA,,rather than ISI and/or
st;mulus duration, determines the masklng functign have to be del;neated

Exper;ment VI was conducted to examine the hypothésis that S0A was
the proper temporal variable for ~dichoptic masking. - The lugic of the ex-
periment- was simple. If-:SOA was the relevant variable, then the following
relation should hold: ¢critical T duration = T duration + ISI = a con— ..
stant, where critical T duration is the min;mal duratlcn af T which per—
mits evasion of masking When IST =:0 msec., . : :

Method

. ... The procedure of the experiment was as follows. There were two gen-
eral_céndltlons., In Condition A, T -and PM duration weré held constant and
ISi was determined in- the usual manner.  In Condltian B, PM° duration was
héld constant, ISI was 0 msec, and critical T duration was.determined.: In
- Condition A there were three T duration—PM duration ccmbinatians. T‘= 8
msec, PM = 2 msec; . T = 20 msec, -PM-="10 msec,iT1= 5 msec, PM = 5 msec.
For each T - PM cgmblnatlon ISI. was determined. The PM: exposure durations
for Conditlons A and B were the' same.- .Foreach" PM duratlon -in Conditien B,
‘both critical T duratlan ‘and ISI were . _determined as- that value at whleh S

- correctly 1dent1f1ed faur consecutiVe T 1etters.

T The I stimuli ware the set of centrally 1ocated symmetrlcal 1etters.
Luminances of T- and PM were equal at 10 ft L. Three Ss participated in the
. experiment. ~One S (Sl) had ‘had; cans;derable experlence ‘with: tachistoscoplcf
'presentations,,the ‘other twc Ss.were naive. The: Ss were. _tested in. a par-=-
“tially counterbalanced design.. For a. given PM- duratlon each S received . -
Conditlon A first-and’ then ‘Condition B. "~ Acrcss ‘the three Ss each -PM dura—
tion appeared once in each test=arder p051t10n. C - : e
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Results and Discussion

Table 1 gives the data for the three Ss. A Treatment x Ss analysis
of the S0A's revealed that the six treatments did not differ, F(5,10) =
2.44, p>.05, which suggests that under conditions of dichoptic presen-
tation S0A, rather than T duration or PM duration, 1s the relevant vari-
able.

Inspection of Table 1 shows no profound differences in the estimates
of S0A for S whether S0A is computed from Condition A, in which T dura-
tion was held constant and ISI, determined, or from Condition B, in which
ISI was set at 0 msec and critical T duration was determined. In any event
the picture is obviously quite different from that of Exp. I. The data of
the present experiment show a complementarity between T duration and ISIc
implying that dichoptic masking by PM is best described as T duration +
ISI, = a constant.

EXPERIMENT VIII1

The thrust of Exps. V, VI, and VII was that dichoptic masking by PFM
was fundamentally different from monoptic masking by RN, - The earlier ex-
periments in the present series showed that stimulus energy is important
in determining the interference between stimuli traveling the same trans-
mission channel. There was little, if anything, in Exps. V, VI, and VII
which suggested that energy is similarly important in determining the per-.
ceptual impairment resulting from two stimuli arriving over separate chan-
nels, rather Exp. VII showed that the time elepelng between onsets was
crucial for diehoptie preeentetlon.

Experiment VIII compared monoptic maeking by M w1th dthDPtiC mesk—

Method

Fgur Ss perticipeted in the experiment two Ss 1n each of two perts.

Pert A. The intensitiee ‘of T and PM were- manipulated 4in a 2 by 2

) ,fectoriel design for both ‘dichoptic and monoptic conditions. The two lum- -

inances were 5 and 10 ft L. For the two modes of presentation there were,
therefore, four.T—PM inteneity combinetions# '5-5, .5-10, 10-5, “10-10. The
" .PM duration was 10 mse=. -For each T-PM intensity combination critical T

. duration was determined in the standard fashion of the preeent series of
';experlments. The ‘set’ of " eentrelly located eymmetricel 1ettere served eS'
T etimuli and were presented to the left eye. ‘ :

Part B., Inteneitiee of T and: maek were menipuleted 1n the manner of
”'Pert A, The tw0 intensities in| this instance’ were1.25 ft L and 2.5 ft L..

- The ‘stimali‘were the ‘consonant: trigrame, ‘and-the mask ‘was -the"’ line—eonflg—,'

.uration of PM. reproduced in triplicate, once at.each of the . locations of
the consonant- 1ettere in the T dieplaye. ‘Eer future reference this mask
will-be’ referred ‘to as PM3. - ‘The exposure ‘duration of “PM3 was 10 msec.

- Critical T duretinn was determined- for- ‘both Ss:in both- preeentetion modes

o at “each “of - the 1nteneity ccmbinetions. The T stimuli were preeented to. the
i rlght eye. o n Tl '

A Wi
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Results and Discussion

The results of Part A are given in Table 2 and the results of Part
B in Table 3. Inspection of the two tables reveals a monoptic—dichoptic
difference which corroborates an earlier observation reported by Schiller
(1969): stimulus luminance has a pronounced effect on masking in the

monoptic mode but little, if any, systematic effect on masking in the di- :
choptic mode. Furthermore, it is evident on inspection that masking di-
choptically was mrre severe than masking monoptically.

TABLE 2

EXP. VIII: MEAN CRITICAL T DURATIONS FOR PART A
Monoptiec . = . . :Diéhoptic
PM intensity : PM intensity
5ft L 10 ft L 5 fr L 10 f£ L.

Ln

M
o]
=

10 fE L 9.5 o "'7  3305 . 67.0 7.0

'TABLE 3.
(EXP. VIII: MEAN CRITICAL T DURATIONS FOR PART B =~
 Momoptic . - . . Dichoptic
- PM3 intehsity - PM3 intemsity ~ - -
S 125 ft L 3,5ft L - 1.25ft L 2.5 ft L ..

1.0 5000




The dichoptic data of Table 2 are a little untidy, which may be
attributed in part to the phenomenon reported in Exp. V. At longer dur-
ations and at greater intensities, there is a loss in clarity of stimuli
which are of the dark figure-=~light background type. This phenomenal de-
crease in form clarity may induce disparities in critical T duration es-
timates across varying luminance conditions.

A further point needs to be added. In pilot work it was observed
that with dichoptic presentation the severity of masking was not equiva-
lent for the two eyes. Cursory examination indicated that the severity
of dichoptic masking was very much a matter of which eye received the T
stimulus and which eye received the mask. This suggests that factors re-
lated to ocular dominance and binocular rlvalry are probably involved in
the dichoptic paradigm.

EXPERIMENT IX

S Stimulus intensity eystematlcally affects critiecal T duration in

L mcnopt;e Presentation but not -in dichoptiec. That was the outcome of Exp.

: VITI. Experiment IX examined the effect of mask duration on critical T
duration under conditions of monoptic and dichoptic presentation. On the
basis of Exp. VIII, and for that matter of Exp. VI, it was predicted that
in the monoptic case, critical T duration would be directly proportional
to mask exposure duretlnn, but dichoptically, crltlnel T duration would be
unaffected by mask exposure duration.

Method

Three Ss partlclpeted in the experlment. One 8§, §8l1, was not naive
to tachlsLDSPOPiC viewing. The T stimuli were the consonant trigrams- and
. the mask was PM3. The luminances of T and PM3 were both 2.5 ft L._ Three
’;expceure durations for PM3 were used for both monoptlc and d1chopt1c pre=
sentation: 4, 10, and 20 msec. The trigram stimuli were presented to the
left eye. - The mask stimulus followed on the left eye for monoptic and on
the right eye for dlehnptlc. Each 5 was tested mnnnpt;celly flISt- '

5

ijesulte end'Dlecuselon

The data for eech of the three S8s are: given in Teble 4 The data are
unequivocal. Increasing exposure duration of PM3 increased the minimal c
~.duration of T necessary to escape the meeklng of PM3 monoptically but not-
- dichoptically. - -Common to Exp. VIII and the present experiment is the fact
- that critical T duration was eenelderably larger for: d;ehoptlc presenta-
“‘tion than for’ monoptie presentatlon_’ This is contrary to a frequently
quoted ‘generalization- that dlChépth preeentatlnn ‘pProduces less inte ‘er-
ence ;hanrmnnpptle‘(e,gﬂ' Kolers, 1968 P- 39) ‘

GENERAL DISCUSSIDN OE EXPERIMENTS I —-IX: :

vv"Pe:ipherel"vend "Central";Deflned,

: The'terme perlpherel“'(01 transm1531on llne) and "eentral ‘as used
1n the preeent communication have served. as convenient ways: ef telklng about

) .31
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TABLE 4

EXP. IX: CRITICAL T DURATION AS A FUNCIION OF PM3 DURATION
FOR MONOPTIC AND DICHOPTIC PRESENTATION

SUBJECTS
PM3 — _ )
Duration 81 82 53
(msec) | Monoptic Dichoptic Monoptic Dichoptic Monoptic Dichoptic
4 6 50 10 152 6 90
10 20 50 34 156 14 95
20 38 48 38 161 28 91

the loci of particulér effects. .They are, however, loaded terms because
they imply two distinct and separable-anatomic regions. In reality the
interface between the sensory pathways and cortical structures 'is not at

-~all a sharp boundary but rather .a gradual merger. In. addition, the term

"transmission line'" comnotes a passive conduit via which exact images of
physical stimuli are conveyed from the peripheral receptor to the brain.
To the contrary, the electrephysiclagical evidence available thus far

(see Chung, 1968) indicates that visual information is subject.to dras-—
tic recoding as it proceeds along the pathways of the nervous system,

with the degree of recoding and modification increasing as the input pro-'
ceeds further centrally. " In other words, en route to the cortex opera-—
tions occur which give rige in output to something other than a mere re-
laying of the input array.~ : :

The defindition ﬁf peripheral" that has been 1mp11c1L in the preged—
ing discussions 1s one which includes’ retina, lateral genlculate nucleus,
and striate cortex as its components. . Preferencé is given to a view of
the transmission line as a collection of devices slgnalling propertles of
the stlmulus, ‘and on this view the interface between peripheral and cen-

“tral is intentionally vague. .Some cells of the striate cortex are seen

as tgrminals of peripheral systems extracting basic stimulus parameters,

,dentif;caticn of the stlmulus frcm the data set so prcv1ded. A recent,

felevant discussion of the fungtional crganlzatlon cf the striate cortex
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The earliest point in the nervous system at which dichoptic masking
may originate is probably in the region of the peripheral-central inter-
face, although the question of whether the twoc eyes interact earlier, at
the level of the lateral geniculate nucleus, has not gone unheeded. For
the cat visual system, at least, there is some reason to believe that the
two eyes might interact at the geniculate. Dichoptic interactions have
been observed by Fillenz (1961) and by Lindsley, Chow, and Gollender (1967),
and Bishop and his coworkers (Bishop, Burke, and Davis, 1959) have report-
ed activation of geniculate cells by stimulation of either optic nerve.
However, against this evidence 1is the work of Hubel and Wiesel (1961) and
Sturr and Battersby (1966) which implies that interactions at the level of
the geniculate are minimal at best. Furthermore, it has been reported
(Jung, 1961) that at the level of the primary visual projection in the cor-
tex, true binocular convergence is comparatively rare and most cells re-
spond only to afferents from the ipsilateral or the contralateral retina.
The implication of this is that dichoptic masking may arise at a relative-
ly late stage in the cortical processing of visual data.

Two Loci for Backward Masking

In short, there are two possible loci for the perceptual impairment
resulting when two visual stimuli follow in rapid succession. The impair-
ment may have its locus in the transmission channel or in a central pro-
cessor. Impairment localized in the transmission channel is best viewed
as the effect one stimulus e%erts on the other.  Impairment localized in
a central processor can be of two sorts: an interaction between the stim-
uii, similar in kind to that occurring in the transmission channel, or a
distortion induced in the operation of a central processing mechanism (see
Kolers, l968) The proposition that backward masking reflects a disturbance
in the proper functioning of a central device is ta émphSSIZE that the mask-
ing is not .due to the ‘effects exerted by stimuli on each other. - With re-
ference to the clerk-customer analogy, the second customer does not have a
direct effect on the fate of the first; rather, he exerts an indirect ef-
fect by causing the clerk to be hurried and less thorough in his treatment

of the ﬁlrst.

Masking by RN under conditions of monocular and binocular presentation
was an -instance of "interference in the transmission channel. That the ef-
fect RN exerted upon T did not have a central locus was revealed by the ab-

"~ sence of any masking by RN under coﬂdltians of dichoptic presentation. Be-

Eween=st1mulus interference arising in the transmission channel was defined
by the following relation: T energy x ISI, = a constant. ‘Masking by PM,

on the other hand, could have a central locus. The data suggested -that the
relevant 1ﬁdependent variable for masking by PM under conditions of dichop-
tic presentatian was SOA. Moreover,- the nature of masking by PM- in the di-

-choptic mode was not- affected in any serious- fashion by enérgy properties

of the stimuli.  Those two observations, the relevance of .S0A and: the com-—

parative irrelevance of energy variables, favor the interpretation that di-
choptic masking by PM represents an interruption in the normal functioning.

of a central mechanism rathe* than the effects of serial stimuli upon each

other. : R



The Peripheral Operation

What does the relation, T energy x ISI, = a constant, tell us z=bout
the -peripheral visual system? The answer seems to be this: whatever the
operationg performed by the peripheral visual system on an incoming stimu--
lus, the rate at which those operations are conducted is directly related
to the energy of the stimulus. To reiterate some essential points. The
RN mask exerts an influence on a preceding T stimulus only if RN is input
on the same retinal area and, therefore, on the same transmission line as
T. It must be assumed that masking by RN at some ISI means that the per-
ipheral processing of the T stimulus has not been completed by the time
RN occurs. The minimal time between T and RN at which T evades the masking
action of the after-coming event, 1.e., ISI,, is inversely related
to. T stimulus energy. Therefcre, suffice it to say that peripheral pro-
cessing time is inversely proportional to the energy of the stimulus.

We can infer from the foregoing that peripheral processing may be complet-
ed within the duration of a stimulus, given the right order of stimulus
intensity. Support for that conclugion is found in the experiments of
Kinsbourne and Warrington (1962a, 1962b).

The Role of Mask Energy in Peripheral Masking

The energy of the mask (RN) in monoptic or binocular presentation had
to be equal to or greater than that of T in order to impair the identifi-
cation of T. But once RN energy was just slightly greater than T energy,

- as inspection of Figure 4 clearly shows, further increases did not extend
the ISI over which masking could be obtained. A useful general conclusion
follows from this fact. When backward masking does occur in monoptiec and
binocular conditions where the energy of the mask is less than that of the
T stimulus, it is unlikely that the masking originates peripherally. Ra-
ther, we ought to conclude that the masking is of central origin. This.
conclusion-may only apply to masking of fgrm ‘where the S's task is to i-
dentify the fo:m, i.e., the masking of interest to the present communica-

tion.

To clarify the potential importance of this conclusion, consider two
instances of masking: masking by a contourless light flash and dichoptic
masking by pattern. When the mask is a homogeneous flash of light of en-
ergy less than or the same as that of the T stimilus, masking 1s generally
not obtained (Schiller, 1969). It is also known that masking of a form by
a contourless 1lght flash of- gteater energy does not have ‘any appreciable
central component (e.g., Schillexr, 1965). Therefore, we may conclude that
if the flash energy is not greater than T energy and if the two stimuli
are not on the same transmission line, then masking of a form by a flash
of 11ght cannot occur. . In contrast, when the mask is a pattern . (say,,PM)
and the stimulus presantation is dlchoptlc, masking does occur, and the
condition that mask energy be greater than T ‘energy is not a necessary -
condition for such masking,' Presumably, therefare, monoptic or. blnocular
masking by pattern could occur. centrally rather ‘than perlpherally, and- that
means, of course, that monoptic or binocular mask;ng could occur in candl—
tions where the energy of the pattern mask is less than that of the T
stimalus. : : : : o
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The Central Operation

An important distinction between peripheral and central processes
was demonstrated in Exps. VI, VIII, and IX. Whereas the parameters of
duration and intensity significantly affected masking of peripheral ori-
gin, their effect centrally was negligible. This distinction is put into
relief by electrophysiological data which show that the further centrally
a neuron lies, the more complex and specific become the stimulus parame-—
ters to which the cell responds. Thus, the more centrally a cell is lo-—
cated, the more likely it is that the cell will be affected by informa-
tional rather than energy characteristics of stimuli.

Ihe relevanee of SDA to masking of central origin suggears that the

set. we w111 presume, and not w;thout reason, that the central machlnery
assumes the major burden of pattern recognition and that it uses as its
raw material the visual data provided by the peripheral mechanisms.

We may assume for the present that the relation between the peri-
pheral and central processes is that they are successive and additive.
That is to say, the peripheral operation must be complete before the cen-—
tral operation can begin, and therefore, the time needed to identify a
tachistoscopically presented letter would be the total time of the two
operations combined. It will be part of the task of the experiments that
follow to assess the validity of this hypothesis.

',Eackward Maskiﬁg by PM'

There is now the queetlen of the nature of masking by PM under con-
ditions of monocular or binocular presentation. - As noted in the intro-
duction to the present paper, it is not inconceivable that the masking
effect of a particular .stimulus could be exerted prior to the establish-. .
ment of .the T representation or subsequent to the establishment of the T
representation. Therefore, when T and PM are transmitted on the same chan-
nel, the resulting perceptual interference | could reflect effects at either,
or both, loci. However, the impression gained from Exps. I - IX was that
lnterferenee in the transmission channel and interference with the opera-
tion of 'a central processor were. two very distinct phenomena such that. any
masking that mlght be observed reflected either one or the other, but not
both. : :

Consider T and PM presented mcnacularly.a'Iﬁ T and PM fuse in’ the
transmission channel, as suggested by the integration hypothes;a, the task
of the central preeessar would be rather. like that o£ trying ‘to make sense
of a photograph praduced by a double exposure. - What is important here is

-the fact that if the stimuli auperlmpose in the perlpheral ehannel ‘then
what the central device receives effectively is but one stimulus for- analy-
sis, not two. ¥, however, the two stimuli do net 1nteraet in.- the trans-

- mission channel, for whatever ‘reason, then the eentral proeesser receéives

“two stimuli in succession’. and the task now 1e that of ‘trying to make sense
of the first before the second ‘arrives. : S - :

In the experlments that follow, an aﬁtempt is made to separate the per—A
.1pheral and central eemponents ln monoptlc masklng by PM (EMB) VMere_generally,
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the experiments are directed at the question of how the two operatiomns,
peripheral and central, relate.

EXPERIMENT X

The essehce of the concluding comments on Exps. I = IX was that at
some point a masking function for monoptic presentation, of the sort gen-
erated by the procedure of Exp. IX, must assume the characteristics of
dichoptic presentation. What Exp. IX (and for that matter Exps. VI and
VII) had shown was that céntral processes were unaffected by the exposure
duration of a lagging mask stimulus. Presumably, therefore, in monoptic
presentation a measure of masking, such as critical T duration, should
asymptote at some value of PM duration. Buch an outcome, perhaps, would
be expected regardless of any theory. Yet, pilot work prompted this ex-
periment in that Ss reported an interesting shift in their phenomenolog-
ical description of the stimuli as the duration of PM (actually PM3), and
accordingly, the duration of T, increased. At brief durations pilot Ss
reported a relatively unclear, degraded stimulus. The experience was that
of T and PM "mixed.”" At longer durations Ss reported seeing a 'clear" T
followed by a "clear" PM, the experience being that of "not having suffi-
cient time to read T." The latter description had been used occasionally
by Ss in the previous dichoptic conditions.

Method

Six S8s participated in the experiment. Two of the 5s were highly ex-
perlenced in tachistoscopic experiments; they were members of the staff of
Haskins Laboratories and had served as pilot Ss for a number of the pre-
ceding experiments. The remaining four S8s were naive to the apparatus and
to the experimenti

For each S, critical T durations were determined in the given order
for the following values of PM3 duration: 2, 3, 4, 5, 6, 8, 10, 25, 35,
50, 100, and 500 msec. Presentation was monoptic at the right eye. The
T stimuli were the set of trigrams and the luminance of T and PM3 was 2.5
ft L. Following each stimulus presentation and report, S was required to
describe his experience of the stimuli. The Ss were not told what to ex-

pect.

7’su1ts and ,scu551cn

The averaged data are represented graphically in Figure 11. The in-
dividual 8 data are given in Table 5. Inspection of Figure 11 suggests a
linear: relatlen between critical T duration and PM3 duration up to PM3
duraLion = 10 msec, followed by what appears to be a relatively abrupt
tran51t10n to asymptot%. -

'Tnd1v1dual s data shown in Table 5, 52 and 86 for example, demon—
strate this tramnsition most viv1dly. In the reglcn cf thls transition;
S8s shifted in their deser;pticn of what they were See1ng as the T duration
apprcached the cr;tlcal value. Up to the transition region Ss descrlbed
the T stimulus as 'messy,' "mixed up," "hard to make out," and "unclear."
Subeequent to the tran51t1Dn Leglon Ss .gave the fallsw1ng descriptlons.
"pattern replaeed letters" 1mage of - 1etter5 shgrtened by pattern" :
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Figuré 11: Relatlan between PM3 durai;lan and mearn crltl\:al T duration for
C monoptlg stmulus prESEntatlnn in Exp X.
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TABLE 5

EXP. X: CRITICAL T DURATION AS A FUNCTION OF PM3 DURATION
FOR MONOPTIC PRESENTATION

Subjects
PM3 - - . -

Duration s1 52 53 S4 $5 S6
_ (msec) - - — - _

1 1.5 1.5 1.5 2.5 2.5 2.5

2 3.0 3.5 2.5 3.5 3.5 . 3.5

3 4.0 4.5 3.0 5.5 5.0 5.0

4 5.0 6.0 4.0 6.0 6.0 6.0

5 6.0 7.0 7.0 8.0 7.5 8.0

6 8.0 . 8.5 8.0 12.5  10.0 110.0

8 9.0 10.5 10.5 14.5 11.5 110.5

10 12.5 15.0 13.5 21.0  20.0 12.0

25 21.5 130.0 25.0 84.0 42.5  150.0

35 28.0  145.0  26.0  110.0 48.0  157.0

50 37.0  145.0  28.5  112.0 62.0  156.0

100 34,0 150.0° 31.5 113.0 63.0 157.0

500 v37.b,% 150.0 . 3L.5  113.0  66.0 162.0
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"pattern stopped me reading the letters." The principle phenomenclogical
difference between the phase prior to and that subsequent to the transi-

tion region was that Ss described a shift from seeing one event to seeing
two events in succession.

Further indication that masking in the PM3 duration range 1 msec %o
10 msec was fundamentally different from that observed in the PM3 dura-
tion range 25 msec to 500 msec was provided by S errors and by between-S
differences. A coarse examination revealed a fairly consistent pattern.
For the mask range 1 msec to 10 msec, errors seemed to be evenly distri-
buted across positions for example, Ss tended to commit as many errors in
reporting the first letter of the trigram as they did in reporting the
third letter. Moreover, all three letters became available at very much
the same critical T duration (cf., Kinsbourne and Warringtom, 1962a). 1In
contrast, errors committed in the mask range 25 msec tended to relate to
position in the trigram array. As T duration increased § was more likely
to report the first letter correctly, less likely to report the second let-
ter, and least likely to report thé third. Omitting the third item of a
trigram was common in. PM3 range 25 to 500 msec, the Ss frequently respond-
ing that they did not have time to read it.

Between—-S comparisons were also illuminating. Two Ss, S1 and 83, as
noted above, were highly experienced in the task of reading material from
a masked display. Inspection of Table 5 reveals a considerable difference
between the performance of 5s 1 and 3 and the remaining Ss across the PM3
durations of 25 to 500 msec, yet little, if any, difference in the range 1
to 8 msec. Admittedly the passihility of large differences in critiecal T
duration across PM3 exposure durations 1 to 8 msec was limited; this, how-
ever, does not detract from the fact that the increase in mask duratiomn

- from 10 msec to 25 msec resulted in a clean separation of the sophisticated

from the naive Ss. Moreover, errors committed- by'Ssl,and '3 in the asympto—
tic part. of the function were more evenly distributed across the trigram—
letter positians. : :

EKPERIMENT XI

Experiment X reiﬂﬁorced the impressicn that twc quite different pro-
cesses could be isolated in monoptic masking by PM3. It was inferred that -

‘at briefer durations of T and FM3, the masking was similar to masking by RN,

and at the longer durations, the perceptual interference was more like that
seen dichoptically. The correctness of this inference could be tested on
the basis of the data of Exp. VIII: manipulating 1luminanc#s should affect

“the initial rising part, if that mirrored peripheral masking, but not the

subsequent asymptatic part of the function relating critical T duration to

PM3 duration. Experiment XI was designed to perform this"test,

Methnd

- The procedure of Exp. XI was similar to. that of Exp. X. Critdcal T

- duration was estimated at the following durations of PM3: 1, 2, 3, 4, 5,

6, 8, 10, 15, 20, 25, 35, 50, and 100 msec. A single estimate was made for
each of six naive 8s at each PM3 duration going in order from the shortest’
(1 msec) to the longest exposure_duration (100 msec). -The T stimuli were,
as before, the set of trigrams.  The principal feature of Exp. XI was that
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across the exposure durations of the after-coming stimulus, critiecal T
duration was determined for three T stimulus-mask stimulus luminance ratios.
The three ratios were: 1:1 (T = 2.5 £t L, PM3 = 2.5 ft L); 2:1 (T = 5.0 ft
L, PM3 = 2.5 ft L); 1:2 (T = 2.5 ft L, PM3 = 5,0 ft L). In a partially
counterbalanced design each ratio condition appeared twice across the six
8s at each of the three possible test-order positions, The stimuli were

viewed with the right eye.

The average critical T durations for each of the three intensity ra-
tios are shown in Figure 12.

The family of curves are reproduced in a log-log plot in order to
give a clearer picture of the initial rising component of the functions.

. The hypothesis under test was that the ascending component of ‘the function

relating critical T duration to PM duration would be affected by the ratio
of stimulus intensities but the asymptotic component would not, the idea
being that the ascending and asymptotic phases reflected masking of two
different origins. Inspection of Figure 12 shows, in accord with this hy-
pothesis, that the ascending components of the three curves differed, while
the asymptotic components did not. '

EXPERIMENT XTI

The data f E XDpS. X and XI invite the follow;ng hypothesis: the dur-
¢§£i£ maeking by PM (or PMB) will reflect peripheral or central processes.
Inspection of Figure 12 suggests that for all three retias, the masking,
for exemple, of a 3-msec exposure of T by a 5-msec exposure of PM3 was lo-
calized in the transmission line; on the other hand, the masking of a 60-

- msec T by a 50-msec PM3 was central in origin: - The data of Exp. XI further

imply that the origin of interference with a 3—msec T by a 50-msec and a 5-
msec . exposure of PM3 should be one and the same. That is, in both of these
instances in which mask energy is greater than T energy and the T energy is
comparatively weak, the locus of masgking should be peripheral. - The -upshot
of ‘all this is that the locus of the interference induced by a PM3 of 50-

“msec exposure should shift fram peripheral to eentral as T exposure dura—

tion increases.

" The design Df Exp. XII invalved estimating ISI for eleven values of
T duretian, ranging from .2 to-64 msec, with mask duration held constant at
50 msec. Assuming the validity of the above reasoning, it was expected that™
at brief values of T, masking would display characteristics of between—stim-
uli interference in the transmission. 1ine, at longer durations of T, the-
masking would fit the central mold, i.e., complementarity would be observed
between T duration and ISIE,, To provide a yardstick for interference- in
the transmission channel, ISI. was determined across the eleven T durations,
with RN as the after-coming mask. At the briefer durations - of T, the func-

' t*cn releting T ‘duration to ISI with PM3 lagging ‘should look similar to

that with RN legging.v -However, at the longer. exposures of T, the two fune—

“tions ehould assume very different cherecteristice.
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Method

The T stimuli were the trigrams. 5ix naive Ss received all condi-
tions in a partially counterbalanced arrangement. Critical ISIs were

estimated at each T duration going in succession from 2 to 64 msec. At
each T duration, ISI, was determined for both masks before testing at the
next duration. Three of the six Ss were given RN first and the remaining
three were given PM first. The ISI, was determined in the usual manner.
The luminances of T, PM3, and RN were equal at 5 ft L, and stimuli were

viewed with the right eye.

Results and Discussion

The data averaged across the six Ss for PM3 and RN as the maeking
stimuli are plotted in Figure 13. Individual data are given in Table 6.

As before, masking by RN produced a simple relation between the ex-
posure duration of the T evant .and.the minimal time required to. evade-
masking, i.e., T duration x ISI, = a constant. The present RN function
if plotted on log-log paper is virtuallv a straight line, and compares
favorably with a log-log plotting of the RN function by Kinsbourne and
Warrington (1962a). The only serious departure from the multiplicative
relation occurs at T = 16 msec. At that exposure duration some Ss were.
still masked by the lagging RN, as inspection of Teble 6 ehowe, but the
multiplicative rule was obviously not in effeet. : :

Hasking by PMB in sharp contrast to .masking by RN, ylelded a com-
plex relation between T duration and ISI,. At the very brief durations
of 2 and 3 msec (and perhaps 4 meee), the. PMB function paralleled the RN
function, ive., the relation between expoeure duretien and ISI. eppeared .
to be multiplicative. For T =-2°msec”and T = 3 msec the 181, )= were 90

‘mgec and 62 msec; reepectively. Multiplying duretien by ISIc in theee

two cases yields very ‘much ‘the same values; 180 in the 2-msec case’ and 186

in the 3-msec case., ~In eentrest, taking the next four values of T——4,A6

8, and 16 msec~—and multiplying them by their apgreprl““e.ISIc s yields"
unequel products of approximately 208,288, 384, .and 1280, respectively.

Thus, at the longer exposures of T, the PMS function does not fit the

multiplicative rule, and the: relation: between T duretien and - ISIC is be

~described ‘as T duration + ISIc ‘a eenetent.

The cenelueion of Exps..I - IX was thet the multiplieative rule cher—

’acterized peripheral ‘and’ ‘the additive rule characterized- eentrel proeeeeee.

Inde@d, the edditive reletien between T duratlon -and": ‘I8I, hed been: deteet—

~ead dn- diehoptie preeentetien. Thue, ‘the present experiment may be viewed

as a demonstration that: ‘peripheral: ‘and central maeking are isolable and

separable ‘in conditions of monoptic (or. bineeular) presentation of stimuli. "
~In Figure 13 the multiplieetive -and edditive relations ‘are. referred te as -

Stege I end Stege II1, reepeetively.a,;)

It is evident from Figure 13 and Teble 6 thet ISIC at. the very brief

T auretione was much greeter in the PMB‘funetien than in-the RN funetioni; S
The . lmplieetien ‘might.be that .for - brieffexposures ‘of T both peripheral een-f;vig

ate when PM3' (or PM) ies the nasking

tamination and eentrel dietertien'e

‘event._ The pesitien eutlined in the general dis'ussion of Expe._I = IX waghi

'y
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that masking was due either to between-stimulus interference in the trans-
mission channel or to distortion in the operation of a central device, but
not to both. Preferably, therefore, the reason for the greater severity
of masking by PM3 than by RN at brief T exposures should be sought else-
where than in the notion that peripheral and central effects combine.

I

The more severe impairment in the perception of T by PM3 may be at-
tributed to a greater confusion of contours owing to the greater similari-’
ty between T and PM3 than between T and RN. Admittedly the argument that
PM3 ls more like T than RN is like T, is based on the dichoptic effect of
PM3 and the absence of such an effect with RN. However, there does seem
to be some truth to the hypothesis.

Figure 14 shows a comparison between monoptic masking by RN and by a
homogeneous flash of light of the same intensity. The data are from two
Ss; the duration of T was 4 msec and its intensity was the same as that
of the two masks. The experiment was conducted in the manner of Exp. I.
Perception of T was more impaired by RN than by a contourless flash of
light of the same intensity. It is known that masking of a form by a
light flash does not take place dichoptically (e.g., Mowbray and Durr,
1964; Schiller and Wiemer, 1963); its effect, like that of RN, is restrict-
ed to the transmission channel. Comparison of Figure 14 with Figure 10 of
Exp. VI and Figure 13 of the present experiment suggests that masking in
the transmission line owes allegiance to variables other than energy vari-
ables. Evidently the similarity between T and the mask is a determinant
of the degree of between-stimulus interference in the transmission channel.
However, for any given T and mask the degree and direction of interference
in the transmission line varies as a function of their respective energies.

EXPERIMENT XIIT

Experiment XII had isolated peripheral and central masking effects in
monoptic viewing which prompted the question: Is the central effect in
monoptic presentation the same as that in the "clean signals" case of di-
chop’ - -vesentation? That is, would the minimal SOA for criterion per-
formance be the same regardless of whether the two stimuli traveled to the
central processor by the same route or by separate coutes? Experiment XIII
answers this question.

Method

At four values of T duration, 10, 20, 30, and 40 msec, four naive Ss
were examined both monoptically and dichoptically. For each T duration in
each mode, two estimates of ISI, were made. Two Ss were given the follow-
ing order of conditions: dichoptic, monoptic, rest (approximately 10 min),
monoptic, dichoptic, The other two Ss were given: monoptic, dichoptic,
rest, dichoptic, monoptic. The 7 stimuli were the consonant trigrams and
PM3 was the mask held constant at 50-msec duration and at 2.5 ft L, the
intensity of the T stimuli. Presentation was tn the right eye. .- '

Results and Discussion

The average of the two estimates of ISI, made at each T duration for
~each S for both modas of presentation are given in Table 7. The data are
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unequivocal. The minimal SOA for criterion performance was constant for
monoptic and dichoptic masking. This suggests that the additive compon-
ent isolated monoptically is the same as that isolated by the dichoptic
procedure. In addition, the present data, taken together with those of
Exp. VII, imply that central processing time is not influenced by peri-
pheral processing time.

APPROXIMATIONS TO A MODEL FOR MASKING

Another Look at the Relation Between the Two Processes

In the general discussion of Exps. I - IX, the rudiments were spelled
out for a theory of the recognition of visual stimuli. It was proposed
that visual pattern recognition involves at least two distinct stages and
that these two stages are successive and additive, the two stages in ques-
t lon corresponding to the processes represented by the multiplicative and
additive rules. Several current theories of pattern recognition take the
same form. Neisser (1967), for example, has proposed that an initial pre-~
attentive process which segregates objects in the optical array, and which
may signal the presence of easily discriminable physicgl featuras, p:e—
ccntagt with long term stcrage and is essentlal for stimulus recognltlon.
Sternberg (1967) has similarly argued for a successive~additive model of
stimulus classification. While the present research may be viewed as sub-
stantiating one aspect of such theories, which is that there are several
distinct processes underlying pattern recognition, the results of Exp. XII
raise serious doubts about the postulation that the processes are succes-
sive and additive.

Figure 13 shows two functions relating T duration to ISI.. One of
these functions was generated by RN as mask and the other by PM3, and as
noted above, these functions are fundamentally different. . For present
purposes what is important about the PM3 function is the invariance of T
duration + ISIc in the T duration range from 4 to 64 msec. What this means
essentially is that the central process as identified by the additive rule
was requiring a certain amount of time between stimuli onsets to identify

‘the T stimulus and that this amount of time was constant and unaffected by

the duration of the T stimulus. Inspection of the RN function, on the other
hand, tells us that the time needed to complete peripheral processing varied
with the duration of the T stimulus. This is how ISI, in the multiplica-
tive rule has been interpreted; it identifies the minimal time needed by
peripheral processes to signal the features of the stimulus. The problem.
for'the successlvé—addltlve postulatian lies in thls faCt Whlle the per-

Was canstant. But -if the processes or stages are sequentlal and the cen-
tral processing time is measured as the elapsed time between onsets, then
central prccessing time must include peripheral processing time as well.
The implication is that the two pracesses are not conducted in sequence but
instead Dverlap in time.

In recent tests of sequential two-stage theories such as Neisser's (1967)
some evidence has appeared which, like that of Exp. XII, questions the se-
quential-additive assumption. For example, Ellis and Chase (1971) have shown
in a variatian of Sternbérg é éharacter=recagnition’paradigm'(see Sternberg;

£;ig, A



same as the time for item recognition or size discrimination in & com-
bined task. Item recognition is assumed to require focal attention, and
size discrimination can be performed by preattentive processes; the con-
clusion, therefore, was that focal attentive and preattentive processes
can ocCar in parallel. Beller (1968) reached a similar conclusion. He
used a task in which Ss searched through displays of two- and three-digit
numbers for targets whose size was specified at the outset.’ Nontargets
of the same size and nontargets of different size comprised the noise i-
tems. Beller observed that varying the difficulty of the size discrimin-
ation affected the time needed to reject the different-sized nontargets
(i.e., preattentive processing time) but not the time needed to reject
the same-sized nontargets (i.e., focal attentive processing time). How-
ever, it must be borne in mind that these observations, while theoreti-
cally illuminating, need not necessarily be speaking to the stages re-
flected in the present data,

What is needed on the evidence of Exp. XII is a restatement of the
relation between peripheral and central processes, or more precisely, be-
tween the processes symbolized by the multiplicative and additive rules.
Two criteria must be met. First, any proposed relation must account for
the invariance in the central Processing time with varying peripheral pro-
cessing time as evident in the range 4 to 64 msec of the PM3 function of
Figure 13. Second, it must account for why the upper limit on the masking
range of PM3 for the brief T durations of 2 and 3 msec is apparently set
by peripheral processing time and not by central processing time,

Two possible hypotheses present themselves. One is that the process-—
es symbolized by the multiplicative and additive rules are not allied at
alls they are operationally parallel. The other is that the two process—
es overlap in time, but one is contingent or the other.

The first hypothesis requires discarding the notion that the multi-
plicative rule speaks to peripheral events and the additive rule to cen-
tral. To say that the processes are operationally parallel is to say that
they work independently of one another, and given the earlier anatomical
-localization of these rules, this is tantamount to saying that central pro-
cesses are not contingent on the output of peripheral processes, which is
nonsensical. On this view, the two principles, T duration x ISI, = a con-
stant, and T duration + ISI, = a constant, are seen as representing simply
two operations in vision rather than as indicants of peripheral and cen-
tral processes. B '

- To meet the criteria posed above, an operationally parallel view of
the two processes must carry the rider that the rule describing the mini-
mal tfme needed to evade masking by a pattern (such as PM3) must depend,
for any circumscribed range of energy values of the T stimuli, on which of
the two processes takes longer. In the PM3 function of Figure 13, masking
at the ~ exposures of 2 and 3 msec is best described by the multiplicative
relation, while at the longer exposures, the additive relation is more suit-
ed. From the data illustrated in Figure 13, it may be concluded that at the
exposures of 2 and 3 msec the processing symbolized by the multiplicative
‘rule took longer, and at the exposure durations of 4 to 64 msec it was the
processing described by the additive rule which was more durable. Thus, :
for the exposures of 2 and 3 msec it may be inferred that the operation char-
acterized by the additive rule was complete by a SOA of approximately 58 msec,




while the operation characterized by the multiplicative rule was still

in progress. Therefore, up to an SOA of 58 msec or so, PM3 could inter-
fere with either or both processes; beyond that SOA, however, the after=
coming stimulus could only interfere with the process characterized by

the multiplicative rule. Since the dependent variable was the minimal
time needed to evade masking, the obtained estimate of that minimal time
would, on this view, mirror the propert les of the process underlying the
multiplicative relation betweer. T duration and ISI,. This would hold only
for those durations of T exposure at which the process underlying the mul-
tiplicative relation took more time than that underlying the additive re-
lation. Where this criterion is no longer met, the estimate of minimal
time needed to evade masking would mirror the properties of the process
described by the additive rule.

In order for the operationally parallel view to account for the PM3
function, the assertion has had to be made that both operations must be
concluded in order for the T stimulus to evade masking by PM3. This is
equivalent to saying that for identification to occur, both operations
must be complete, which implies perhaps that they cannot be orthogonal.

On the other hand, it may imply only that some subsequent decigion mechan=
ism cannot output an identification until inputs from both processes are
available.

Perhaps the strongest argument against the operationally parallel view
is that the data of the present research point to a distinction between the
two processes that is, in a nontrivial sense, anatomical. The multiplica-
tive relation was most surely grounded in those circumstances which allowed
for peripheral interaction, that is, in conditions of monoptic and binocular
presentation. Indeed, the multiplicative relation was realized only in
these conditions, Kiusbourne and Warrington (1962a, 1962b) to the contrary.
In addition, only the multiplicative rule was engendered across T durations
by RN, a mask which failed to impede letter perception in dichoptic pre-
sentation. Furthermore, the stimulus parameters of duration and intensity,
immaterial to dichoptic masking by PM or PM3, were the determinants of mon-
optic and binocular masking by RN Iﬂ sharr, an aﬁatomical distinctlon be-

manded by the data.

A Concurrent and Contingent Model of thé PeripheralsCentral Rélation

lel 1nterpretations is that the ‘processes overlap tempgrally and that one
process, the central, is contingent on the output of the other. This ap-
proach preserves the central/peripheral distinction nurtured in the earlier
arguments of the present paper. '

The essence of such a'view is that the central process receives data
intermittently from the periphery. This implies two things: there are a
number of different peripheral systems or neural nets, and these paripher-
al systems may output data at different rates. :

Thé form that such peripheral nets might take is suggested by a con-
sideration of the selectivity manifested by individual cells in the visual
'systems of vertebrates such as cat and monkey. We know, for example, that
certain. neurons respand anly if the input to the retlna has a partlcular

o




size, shape, or orientation or moves in a certain direction (Hubel and
Wiesel, 1962, 1965, 1968). However, what is important to note here is
that this selectivity is the result of an operation performed by a fairly
large neural system, served in part by spatial summation and lateral in-
hibition and including many receptor units and intermediate neurons in
addition to the cell in question. Neural systems of this sort exhibit cer-
tain features that are important to the present discussion (sec Thomas,
1970). First, each is selectively responsive to a certain characteristic
of stimulation. Second, although the different systems may have receptors
and intermediate neurons in common, they are for the most part independent.
Third, an input to the retina will affect several or all systems simultan-
eously, but only some will respond to it; i.e., only some systems can out=-
put a characteristic of the input. And fourth, each system has a 'pre-
ferred feature condition," that is, it responds best when the feature to
which it is selective is present in a particular way. With straight-line
contour detectors, for example, the st.ongest response is given when the
line is in a particular orientation. The strength of a system's output
varies inversely with the degree of difference between the preferred con-
dition of the feature and the actual condition. Thus, the output from
these systems is graduated.

Evidence for parallel perceptual systems of this sort in the human has
been accumulating. (See Weisstein, 1969, for a recent review.) The explana-
tion of hue perception by reference to separate, parallel systems is, of
course, not new. Recently several experiments have argued for the existence
of systems which are both selectively sensitive to color and tuned to a
narrow range of edge orientations (Held and Shattuck, 1971; McCollough,
1965). Sekuler and his colleagues (Pantle and Sekuler, 1968; Sekuler, Rubin,
and Cushman, 1968) have proposed that mechanisms exist which are sensitive
to the direction of movement and contour orienc:ation. And several papers
by Thomas (e.g., Thomas and Kerr, 1971) have argued that stimulus detection
is mediated by mechanisms which are at least crudely size tued.

There is also some evidence favouring the view that different properties
of stimulation are ascertained at different rates. Kahneman (1967a), for
example, has shown that brightness and contour data have different rates
of formation. The experiments of Fehrer and Raab (1962) and Fehrer and
Biederman (1962) reveal that information about stimulus onset is available
well in advance of data on contour and that the former may be available in the
phenomenal absence of the latter. And Cheatham (1952) has reportad, albeit
contrary to intuition, that the perception of contour precedes the percep-
tion of hue. In sum, there is reason to believe that different operations
may be going on simultaneously at different rates (Kolers, 1967; Weisstein,
1971). '

The following sketches the details of a concurrent-contingent model
which relates the peripheral and central processes. The model is illustrated
in Figure 15. : : ”

(1) I is an input to a particular retinal location from the set of

all possible .nputs to either or both eyes. For present purposes
we will talk only about input to one eye.
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(11) The multiplicative rule characterizes the workings of the periph-
eral mechanisms, P = [P}, P2,...P,], a set of '"neural nets" or
"logical units" which all have the same input I but which give
rise to different outputs. The assumption is made that the periph-
eral nets are operationally parzllel. We will presume that the
two sets of peripheral systems, Prl sht and Pyeft are functionally
equivalent. Only one P set will be discussed for simplicity.

(iii) Oj4 is an output of a peripheral net P;, where 03 ij belongs to the
set [047, 04p.4+s .Cip| and n, the number of outputs for each P,
1s finite and varies for different P

(iv) Peripheral net outputs are realized at different times after I on-
sazt. Operating times for peripheral nets are symbolized djy, do,...
ai’ . .dﬂ, such that, in general, dl{ dg‘: - .di{j. . "dn

(v) For any peripheral net Py, operating time varies as follows: (a)
When T energy <« the minimal energy, Epi,, required to elicit a ter-
minal response in a peripheral net, there is no new output; (b)
When Epj, < T energy < maximum energy, Epax, operating time varies
inversely with energy; (c) When T energy > E___, operating time is
at some fixed minimum. max )

(vi) Peripheral net outputs are stored in central storage units, 5, for
use by the central decision process. The base state of any storage
unit, Si’ is A., the null state. This state can only be changed
by the entry of real data, 043, from the peripheral net, Py. The
record of 0;; either decays w%th time, returning Si to state A,

or is replaced by the record of another O, i

(vii) We will presume that there is only one set of stores, S = (815 Sps v
Si-++Sn], for the outputs of the two peripheral systems, Pright and
Pjeft. In other words, for a corresponding region of the two ret-
inas, the outputs ﬁrom right-eye nets and left-eye nets are entered
into the same storage units.

(viii) The central process, C, is also a set of mets, [Cy, C9,..:Ci,...Cpnl,
- whose serial operatians can be conveniently represented as a deci-
' sion tree in which each C4 consists of a set of nodes on the tree.
{ The additive rule characterizes the workings of the central pro-
cess.

(1x) For any central net' Ci, two sources of data are necessary for a
decision: an input from the appropriate Py and a decision from
the preceding central net, Cj_;.

(x) The final output of the central process is 0Oy belonging to the set
e, Dl’ 02,.....0 1, where e is the null element.

(x1) Figure 15 illustrates ﬁhe decision process. . For any given input
branch, a decision by C; will be made depending on the output 044
(other than A.) in-5;. Either a branch of the tree will cantinue,
to Cy4q5 or it will terminate in a final output 0, or it will
terminate in the null output e, meaning no output possible. Thus

: we say that Cis a pruned tree. : '
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(xii) If a decision branch from C4_ 1 finds A as the record in S{» then
two possibilities arise since A means that no particular output,
Dij: has been made by the peripheral net, Pj. In general we
would expect C; to wait for some output, Oj4, by looping at the
input (symbolized D). This looping would gave an upper time
limit greater than that of the slowest operating time of Py, at
which point the decision branch would terminate in the final e
state. Sometimes, however, A in Si would be a permissible out-
put from Pi’ and Gi would compute its decision in the normal way.

(xiii) D3, Dy,...Dy,...D, are the operating times for the central nets .
For any Cy, the operating time, Dy, is constant actoss input
branches from C;_y and outputs 03 from Pj. Thus, as long as
all central nets receive their inputs from their respective
peripheral nets simultaneous with, or prior to, the input branches
from the preceding nets, Dl + D2 + .-,Dn is a constant.

(xiv) Py and Cq aré, respectively, the peripheral and central nets de-
tecting and identifying onset or change of stimulation

Paripheral processing time (PPT) refars to the time needed to complete a
subset, or the complete set, of peripheral net operations, and central pro-
cessing time (CPT) refers to the time needed to reach a particular decision.
It is assumed that both PPT and CPT have varying upper limits determined by
the characteristics of I and that the upper limit on CPT is also determined
by the task, e.g., detection, identification. To be more precise, the sub-
-set of peripheral nets which will output data on I, i.e., the number and type
of nets engaged, 1s constrained by the nature of I. A contourless flash of
light will not occupy the same number or type of peripheral nets. as would be
occupied by a contoured flash; obviously networks determining intensity,
duration, and size are involved in both, but networks determining inhomo-
geneities in the input array are needed only for the latter. Also, the full
complement of central decision nets needed to identify an input &s the letter
A would not be needed to identify the occurrence of a stimulus (cf., Fehrer
and Raab 1962) or the presence of a vertical (vs. a horizontal) line,

Based on the data of Exp. XII illustrated in Figure 13, the fallowing
statements can be made on the relatian between PPT and CPT: (a) when PPT <
CPT, the upper limit on masking is CPT; (b) when PPT <:LPT CPT is‘constant

The model 1aticnalizeé (a), (b), and (c) as follows: when PPT < CPT (a
condition which is met when I energy is ''substantial® as in the region.4 to
64 msec of Figure 13) outputs from peripheral nets are running ahead of de-
cisions by the central decision nets to a degree depending on the energy of
I. Thus for Ci, 044 1s SthEd in S4 awaiting the decision of the preceding
stage, Cj_1. The decision process of Ci begins only when both 044 and the
 decision of the preceding central net are available (see ix and xii above).
Since the decision time for Cy is constant (x1iii above), the decision of C4
is received by Ci+1 after a constant delay, therefore,. Cj471 cannot benefit
from the earlier arrival of 0(1+1) In short, when: PPT < CPT reducing PPT
by increasing I enargy will not decrease CPT; rthe ggnstraint on CPT- 1s the
- time-constants of the individual: decision. stagesi— Under these conditions,
then, CPT sets the upper limlt on masking hy PM3 However, decreasing -1
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energy retards PPT to a point whefe, for €4 (other than Cp), the decision
from Cj_1 is received prior to 04 In this case, the C decision is
delayed (see xii above) and the constralnt on CPT would no ‘longer be solely
the time-constants of the individual central nets but also the delay time
for peripheral net outputs. In this instance, the upper limit on backward
masking by PM3 would be determined by PPT.

We may now reexamine the issue of peripheral and central backward mask-
ing. The tern "peripheral has emerged in the present context as a rubric
for systems which extend from receptor surface to cortex and which underlie
the extraction of properties of visual stimulation.

Given the principles above, the second, and invariably stronger, stimu-
lus in the present series of experiments would be processed by the peripheral
systems m re rapidly than the first. A situation, therefore, can exist in

which a peripheral net is simultaneously occupied by two events presented in

close succession. Under this condition of double occupancy the output of a
peripheral net will depend on two things: whether both stimuli eliclt ter-
minal outputs from the net in question and the order of time elapsing be-
tween the two stimuli.

Consider the case where the net gives a terminal response only to the
T stimulus. Since the mask covers the same receptor surface as T, the
peripheral systems which will eventually output properties of T w;ll at
some early stage be affected by the mask. An early stage in a peripheral

-system may be so occupied by a response to the masking event that there is

no room left for a response to the first stimulus. Or the response at an

_early stage may be to the combination of T and mask and thus the input to

later stages of the peripheral net is distorted. The probability of per-

~turbations of this sort occurring drops off sharply as the time elap51ng

between the two stimuli increases.

Both of the above means of affecting peripheral net function are in-
cluded in the condition in which the peripheral net can give a terminal

. response to either T or the mask. However, since all stages of this pe-
- ripheral net respond to the mask, the temporal range over which the mask
‘may impalr or occlude a terminal response to T is extended. 1In brief, the

greater energy mask may in this case '"overtake' the T stimulus at 'any stage
in the peripheral net. ’

The "implication is that when masking is peripheral in origin, the upper
limit on ISI; for a T of given energy is set by the slowest operating pe-

‘ripheral nets outputting data on T. The extent to which this upper limit

is realized depends on the extent to which the second etimu1ue, the mask,
elicits terminal responses from the same set of peripheral nets.. ‘Therefore,

"we should expect the severity of peripheral masking to vary as a function
of the relation between T and mask. The earlier discussion on the differ-

ences between PM, RN, and a contourlees light Ileeh as masks is relevant to
this point.

, A,purchase on masking of central origin may be.gained by speculating
‘on differences between masks that'funeticn”oﬁly monoptically and masks that
function either monoptically or- dichoptically for a given set of T stimuli,
In the context of the present series of experiments, this reduces to spec-
ulat:ng on the differences berween RN and PM.. S :
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It may be arguasd that the identification of RN for the most part is not
based on outputs from the peripheral systems required for the identification
of the T stimuli. Pursuing this further, it may be argued that if data on T
have been laid down in a subset of the central stores, S, most of these data
cannot be replaced by data on RN since data on RN are entered into a rela-
tively nonoverlapping subset of S stores by virtue of the fact that different
peripheral systems have extracted them. On this reasoning, RN can impede the
identification of T only when it has the opportunity to affect the peripheral
systems responding to properties of T. This impedance arises, as described
above, by occluding outputs at early stages in a system, or by degrading out-
puts.

Consider RN and T presented dichoptically. In this situation RN obvi-
ously cannot occupy the peripheral systems abstracting properties of T.
Thus at brief SOA's what 1s represented in the set, S, of central stores
-are all the properties of T and all the properties of RN, represented re-
spectively in independent subsets of S. What is perceived is both T and RN.

In some circumstances it is conceilvable that properties of two succes-
sively presented stimuli may be representc* simultaneously in relatively in-
dependent subsets of S, and yet confusion, i.e., failure to identify the T
stimulus, may occur. An example may be found in experiments using computer-
generated dot stimuli, in which patterns are masked by nonoverlapping dynam-
ic visual noise (Uttal, 1970, 1971b). The central decision process does not
yield a distinction between the two dot stimuli; both are "'perceived" and
‘the masking results from failure to segregate the signal from the noise. A
similar situation could also lead to fusion in which the two stimuli are
integrated to yield a single identifiable form (e.g., Eriksen and Collins,
1967). 1In either of these cases, however, the degree to which masking or
fusion occurs is dependent on the time elapsing between the two stimuli and
the extent to which data on the first have decayed, i.e., the extent to
which the central stores have returned to the null state.

In contrast to the -argument on the identification of RN, it may be
argued that the identification of PM does rely on ocutputs from some periph-
eral systems in common with those underlying the identification of T. Pe-
ripheral masking by PM should occur for the reasons cited above, and we
should expect such masking to extend over greater intervals than the cor-
responding masking by RN. On the other hand, central masking by PM arises
from the fact that data on PM can replace data on T in the set of central
stores. Assume that a complete peripheral description of T is available
in the central stores before the input of PM. The processing of the mask
by the peripheral nets leads to a change in some of the stores, Si, 'Sj,..5,.
The number of stores that change depends on the number of pzripheral nets
common to the processing of T and PM. During the peripheral processing of
PM, the central r=chanisms have been making decisions on the natures of T.

At same point in ine decision series, however, data on the mask will enter
into the ongoing decision on T. The point at which PM data enter into this
decision process is determined, in part, by how soon data on PM replace data
on T in the set of central stores. If replacement occurs before the decision
process has progressed very far, the central mechanisms may fail to architect
any perception of T whatsoever. In this circumstance the Cj decision may
have specified a different branch Zn the subsequent stage, Cji,
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from that which would have been taken if mask data had not replaced T data
in 54, or Cy may have reached a null decision. The latter is unlikely if
only low-level decisions had preceded Ci’

With increasing time before replacement, the central decision may have
proceeded to the point where substantial data on T and PM are incorporated
into the decision process. The result is a composite perception, but one
which does not allow for a segregation of T from PM.

Quite obviously masking of central origin does not occur when entries
in 33, 85,..5, are changed after completion of the central decision process
or wien entries in earlier stores, e.g., 53, S,, are changed as the decision
process is reaching the later stages, e.g., -1° Cni

In the model, the peripheral nets and central decision nets have been
described for a single item input to one retinal location. Simultaneous
presentation of several items to several locations would be represented by
a simple replication of the basic model. With several objects or figures
Present at input, the peripheral-central net complexes serving the items,
one complex to each, would yield a number of final outputs, one to each of
the corresponding C_ decision nets. Thus peripheral-central net complexes
operate in parallel over the visual field.

The concurrent-contingent model as described is not so much.a formal
theory as it is an example of a particular class of theory of visual mask-
ing., In its emphasis on stimulus-analyzing mechanisms, on selective inter-
ference with stimulus attributes, and on central decision mechanisms, it
contrasts with theories of the integration and interruption type which view
masking in terms of relatively global processes. Because the model is in-
tended mainly to exemplify an approach, certain details have been left un-
specified (for example, the identity of the peripheral nets' output, i.e.,
the kind of features represented; the relation of the concept of central
stores to the concept of iconic memory; the form of the C, net output; and
the decision processes, if any, beyond C,). The issues involved in making
explicit these aspects of the model will be taken up in a subsequent dis-
cussion. For the present, attention is directed to an examination of forward
masking of peripheral and central origin.

EXPERIMENT XIV

Kolers (1968) proposed the clerk-customer metaphor in response to the
question: Why is greater interference exerted on the preceding rather than
on the subsequent presentation? i.e., why are masking effects primarily
backward? However, Kolers's metaphor as it stands does not rule out forward
masking. When two customers enter a store the later-arriving customer usu-
ally has to queue while the clerk takes care of the earlier customer. An
implicaticn of queuing is that central forward masking should occur. Yet,
since queuing is not the same as receiving insufficient service, we should
not expect, on the analogy, forward and backward masking to give rise to

the same type of perceptual interference.

To pursue Kolers's reasoning a 1little further: "The phenomenon of back-
ward masking itself identifies a 'formation time' and a perceptual 'refractory
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period' in the nervous system governing the construction of a perceptual re-
presentation” (p. 38). The lagging mask stimulus, therefore, disturbs that
process identifying (constructing) the earlier T input. With the mask lead-
ing, this disturbance in the identification of T is absent; at worst, T is
denied immediate access to the central process.

The concurrent and contingent model does provide for the occurrence of
a mild, central forward masking effect of a somewhat different nature than
that implied by queuing. If data on the mask have already been entered into
the central stores, S, and data on an after-coming T are now entered, the T
data will replace some, but not all, of the mask data. This is so because
the mask tends to cover a slightly larger retinal area than T, and, thus,
while the two stimuli have some peripheral nets—-and, therefore, central
stores--in common, other nets, and their stores, are only responding to,
and storing, data on the mask.

A situation may, therefore, exist in which the central stores contain
data on both stimuli. The decision process in this circumstance may yield
a composite perception in which T is inseparable from the mask. The pro-
bability of failing to identify T in this circumstance, however, should ex-
tend over a relatively small range of delays between the two stimuli. On
the concurrent and contingent model forward masking of central origin must,
by necessity, be a rare event; the later-arriving stimulus always overrides
the earlier stimulus in the set of stores which they share. Thus, data
sufficient for identifying T are always availlable to the central decision
process in central forward masking, which is not true of central backward
masking. : ’

The model similarly predicts little, if any, peripheral forward masking.
A higher-energy mask would pass through the peripheral nets well in advance
of a following lower-energy T. 1In this case the data in the central stores
would be mask data, replaced soon after by T data, thus bringing about the
situation described in the preceding paragraph. In short, serious forward
masking of peripheral origin should not occur unless it is assumed that
processing a stimulus raises the threshold in the peripheral nets, thus.
suppressing subsequent lower-energy stimuli, Peripheral forward masking
is to be expected even if central is not; a survey of the literature (Kahneman,
1968) shows substantial evidence for monoptic forward masking in contrast to
the sparse evidence for dichoptic forward masking.

The present experiment compares forward and backward masking by PM3
under conditions of monoptic presentation. The procedure follows, mutatis
mutandis, that of Exp. XII. The expected outcome was as follows: af brief
durations of T, masking should be severe for PM3 leading and lagging; at

the longer durations, the lagging function should match the additive rule,
the leading function should not, and only in the lagging case should the
masking be pronounced. ) ' ‘

Method
Four Ss, three naive and one experienced (s1), participated .in the experi-

ment . The T material was the set of consonant trigrams. The luminances of
T and PM3 were 2.5 ft L and the exposure duration of PM3 was 50 msec. For
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these durations of T--2, 3, 6, 8, 24, 40, and 56 msec—1I8L, was determined
in the usial manner. Forward and backward ISIc 8 were determined in suc-—-
cession at any particular T duration. Thus, Ss 1 and 3 at each T duration
were given the forward arrangement first, and 8s 2 and 4 were given the
backward arrangement first. The T durations were examined in the order
shown. Stimuli were presented to the right eye.

Results and Discussion

Individual 8 data are given in Table 8. Graphic representation of the
averaged data is | given in Figure 16.

An important feature of Figure 16 is the resemblance that forward mask-
ing by PM3 bears to backward masking by RN shown in Figure 13 of Exp. XII.
The forward masking function, up to and including T = 8 msec, fits the
multiplicative relation reasonably wc¢ . This suggests that PM3 forward
masking was very much a peripheral event, a suggestion further advanced by
the dissimilarity between backward and forward masking at the longer T du-
rations. Here, the backward masking function was clearly of the central
type with the appropriate description being, as before, T duration + IS5I; =
a constant. There is nothing in the forward masking function at these
durations to suggest a similar central effect, although there does appear
te be some central forward masking. The fact that forward masking by PM3
still occurred at the T duration of 40 msec, well beyond the duration at
which RN became ineffective in Exp. XII, means, perhaps, that a leading PM3

‘can exert some influence centrally.

Another important feature of the data is the considerably greater IST,
needed in the forward case at the brief T durations. If only the brief du—
rations of T had been investigated, the conclusion would have been that mon-
optic forward masking by pattern was more severe than monoptic backward
masking by pattern. Such a conclusion was reached by Smith and Schiller
(1966) who used a T duration . of 2 msec. However, what is obvious from
inspection of Figure 16 is that whether forward masking is more severe
than backward depends on whether the phenomenon is of peripheral or central
origin. Indeed, it was abundantly clear to Smith and Schiller that although
monoptic masking of a 2-msec stimulus was more severe when the mask led,

“dichoptic masking was most severe when the mask lagged.

Smith and Schiller (1966) concluded that "forward masking [by pattern]
seems to be mainly a monoptic phenomenon" (p. 196), a conclusion substan-
tiated by Greenspoon and Eriksen (1968) who noted that dichoptic forward

- masking by pattern was quite weak. This conclusion, given the present data,

can be stated more usefully: forward and backward masking can both occur
peripherally, but only backward masking occurs to any appreciable degree

centrally. Iherefore, when - two stimuli are in competition for the services

of the central decision process, it is the later-arriving one which is
most gompletely identified. On the other hand, when two stimuli compete
for the same peripheral nets, order of arrival is less important than energy.

60bsérvatien of dichoptic forward masking by_EMB'cénfirmed this: = forward
masking occurred but over a much smaller range than backward masking.
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The stimulus of greater energy, whether it leads or lags, will be the one
whose properties are likely to be output by peripheral nets.

EXPERIMENT XV

The data of Exp. XIV suggested that a leading mask may be more dis-
ruptive peripherally than a lagging mask. The purpose of Exp. XV was to
verify that this was the case, and for this reason the experiment used RN
as the masking stimulus instead of PY3. Also, the experiment looks at the
possibility implied by Exp. XIV and the experiments of Kinsbourne and War-
rington (1562b) that the same rule, T duration x ISI, = a constant, applies
to both forward and backward masking by RN.

Method

The duration of RN was 50 msec and its luminance was 2.5 ft L, equal
to the luminance of the T stimuli. Critical ISI was estimated for each of
two Ss in both forward and backward masking conditions at each of these T
durations: 2, 4, 6, 8, 10, 12, 16, and 20 msec. The two Ss, who were not
naive to masking experiments, were tested as follows: at each T duration,
going in order from 2 to 20 msec, 151, was determined for S1, first with RN
lagging and jthen with RN leading; ISI, estimates for S2 were collected in.
the reverse order. The T stimuli were the trigrams and the usual criterion
was used to assess ISI,. Stimulus presentation was to the right eye,

’ Rgsg;ts_and,pis;ussigy

The relation between T duration and ISI. for both forward and backward
masking i1s illustrated in the log-log plot of Figure 17. The log-log plot
facilitates comparison with Figure 3 of Kinsbourne and Warrington (1962b).
Both figures demonstrate that the forward and backward masking curves re-
lating T duration to ISI_, are of identical slope and that the relation, T
duration x ISI, = a constant, holds whether RN leads or lags. Furthermore,
the absolute value of ISI, is greater at any given duration of T when RN
leads. 1In the present experiment the ratio of ISI, in forward masking to
that in backward masking at any T duration was approximately 2:1.

The inference to be made, therefore, is that forward masking of pe-
ripheral origin is more severe than backward masking of the gsame origin. A
difference in this direction between forward and backward masking has been
demonstrated several times by Schiller and his associates (Schiller, 1966;
Schiller and Smith, 1965; Smith and Schiller, 1966) and cthers (e.g., Kietz—
man, Boyle, and Lindsley, 1971). What the data of Exps. XIV and XV do is to .
point to the transmissioa line as the locus of this difference. -

- EXPERIMENT XVI

Although some authors (e.g., Eriksen and Lappin, 1964) have argued

that both forward and backward masking reflect a single underlying process,
the data of the preceding experiments and others (e.g., Kinsbourne and War-
rington, 1962b; Schiller and Smith 1965; Smith and Schiller, 1966) suggest
the contrary. The present communication has argued, and demonstrated, that

- backward and forward masking of central origin are fundamentally different
processes, and. that central forward masking is rather modest at best. At
the peripheral level there is some support for the notion of a common process.
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Both forward and backward masking occur substantially and they seemingly
obey the same rule, but they do differ; forwarding masking, as we have
seen, 18 more pronocunced.

Experiment XVI looks for further evidence of dissimilarity between
forward and backward masking of peripheral origin. The point has been
made above that masking originating in the transmission line requires that
the mask stimulus be of greater energy than the target stimulus. Yet, as
was determined in Exps. I and III on backward masking by RN, once this
criterion was met, further increase in mask duration with luminance held
constant -did not amplify the masking effect, i.e., ISI, was unchanged.
The present experiment compares forward and backward masking by RN as a
function of mask Intensity and mask duration to determine whether the two
masking arrangements are differentially affected by these variables. There

" . is some research by Schiller (1966) which has pointed to a greater sensi-

tivity of forward masking to mask intensity.

Method

The experiment was relatively straightforward. The T stimuli, the
trigram set, always appeared at the game level of illumination, 2 .ft L,
and the same exposure duration, 5 msec. In one condition the mask stimulus,
RN, was always presented at the same exposure duration of 50 msec, but its
level of illumination was 2, 8, or 20 ft L. In the other condition RN was
always presented at the same level of illumination, 10 ft L, but its expo-
sure duration was 10, 40, or 100 msec. Thus, in both conditions the T to

RN energy ratics were the same. -Four Ss, two of whom had served in a pre-

vious experiment, were given both conditions. Of the two possible order-
ings of the two conditions, two Ss were given one order and - two Ss the other.:
Critical Islﬁsgfar forward and backward masking were determined in succession
at each level of RN intensity or duratian ‘going in order from the lower to
the higher value. ‘Within a condition, one S of each pair of Ss was tested
with the forward erreﬁgement first. Hewever, the S given forwerd masking

"first in one condition was ‘given backward masking first in the cther. - The
" usual procedure was used for. eetimeting ISIG. and presentation of : atimuli

was mcnoculer, to the right eye.

tResulte end Discussion

The ISIce evereged across the four Ss for forward and baekwerd mas i ng
by RN in each condition ‘are ehown in Figure 18. ST

Since each duration had not been paired with. each intensity, a eiﬂgle
Treatment x Treatment x Ss ‘analysis of variance could.not be performed on
the present . data. Instead .a eeparete Treatment x Ss analysis was conduc-
ted; in turn, om the inteneity—varying and duretion—verying conditions, . These
analyses revealed thet for both conditions, the difference between forward

 and backward masking was highly significant: for the intensity condition,;,

F(1,3) =-130. 66,1:{.001 ‘and for the dut‘etien condition, F(1,3) = 44.23,
p<.001. The effect .of RN duminance on ISIC was. signl*"icant, F(E 2) = 19.19,
p< . 05, However, the significant interaction between stimulus order (forward

- or. backward masking) and-intensity, F(2,6) = 7.66, p: <.:05, coupled with in~

Q

ERIGs.

wll Toxt Provided by ERIC

speetian of the left panel. of Figure 17, euggests ‘that onjy forward meeking
was effeeted,by intensity. The duration-varying eenditien revealed no eignif=
icant effect of duration (F<:l)”en either forward or backward meekini
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In sum, the ISI, in backward masking was invariant with respect to
increase in RN intensity or RN duration. On the other hand, ISI; in for-
ward masking varied directly with increase in RN intensity, but like ISI.
in backward masking, it was unaffected by increases in RN duration.

The data are in complete agreement with those of Schiller (1966) and
Kinsbourne and Warrington (1962b, Exp. I). Schiller showed that once mask
energy was greater than T energy, increases in mask intensity were
not accompanied by increases in interference in backward masking but were
accompanied by increases in interference in forward masking. Kinsbourne
and Warrington observed that given a mask of energy greater than T energy,
increases in mask duration with luminance held constant did not extend the
temporal range over which forward masking was obtained.

Forward Masking and the Concurrggtﬁcpntiggent Model

The fact that the multiplicative relation between T duration and IsI,
is invariant with change in stimulus order (Exp. XV) favors the proposition
that peripheral backward and forward masking reflect the same underlying
process. On the other hand, the magnitude difference between the two orders
and the selective effect of mask intensity on.forward masking argues for two
different processes rather than a single identical process.

Electrophysiological évidence suggests that forward masking arises from
adaptation, i.e., reduced sensitivity, in the peripheral nets which previous-
1y responded to the mask (e.g., Nakayama, 1968; Schiller, 1968). Presumably
the nets recover in sensitivity with time, and the efficacy with which previ-
ously occupied peripheral systems can process an after-coming T i1s de*ermined
by both the energy of T and the time since mask offset. A simple addition to
the description of peripheral nets, therefore, can account for the similari-
ties and dissimilarities between forward and backward masking functions of
peripheral origin: a preceding event reduces the sensitivity of peripheral
nets to subsequent events, with the sensitivity recovering exponentially as
a function of time. The reduction in senSitivity of peripheral nets should
not be taken to imply that all peripheral nets Output'a'ghafagteristic“cfrthe
mask. While some nets do output a mask feature, others do not. Thus, in
- some nets, 1aﬁéredfsensitivity»exists throughout the system, in others, it is

limited to the early stages. The upper limit on peripheral forward masking
is set by the recovery times of the slowest-recovering nets common to both
mask and T stimuli. We can add one final comment on peripheral forward mask-
ing and that is, of course, that the reduction in sensitivity is directly re-

lated to mask intensity (Exp. XVI).

Forward masking of central origin is slight. The interpretation pro-
posed above for the small effect generally found (e.g., Greenspoon and Eriksen,
1968; Smith and Schiller, 1966; and Exp.: XIV) was that for.a fairly lim- :
ited range of delays between the two stimuli, mask data and .T data are -
treated as a composite by the. central decision process;, resulting in a fail-
ure to detect and identify T. Another view of central forward interference

- is suggested by Kolers's clerk-customer analogy. The idea is that-a later-
arriving event may: have to queue to gain access.to a central decision process.

 On the perspective of the concurrent-contingent model, queuing would be in-

terpreted as a delay in the replacement time in the set of central stores;

- for example, replacing mask data by T data takes longer than replacing the
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null state by T data. At all events, the forward interference implied by
queuing would be manifest more as a deiay in perception than as an impair-
ment in perception, such as failure to identify.

EXPERIMENT XVII

On Kolers's analogy, the second of a pair of events has to queue for
some finite period of time before it gains access to the central decision
process. If this is so, it should be possible to detect evidence for queu-
ing even though evidence for perceptual impairment, such as failure to see
or identify correctly the second stimulus, is absent.

The paradigm developed to examine this possibility had the following
form. To one eye is presented a pair of contoured stimuli, t1 and t,, the
second lagging the first by x msec, where x is greater than the peripheral
Processing time of tj. To the other eye is presented a patterned mask, m,
which follows ty after a delay of y msec. The delay of y msec is just suf-
ficient for ty in the absence of t; to evade the dichoptic masking action
of m, Thus, when t1 and ty are presented alone, ty 1s readily identified.
When ty and m are presented alone, to is again readily identified.

Now, if t; does in fact retard the entry of t; into the central deci-
sion process, then when t1.precedes tj, and t) is followed by m after y
msec, failure of t2 to gain immediate access to that process should make it
susceptible to masking by m. '

Experiment XVII was conducted as a demonstration of queuing rather than
as a formal experiment. The stimuli chosen were as follows. The first stim-
ulus, tj, was the letter U located centrally; t2 was two H's located on a
slide such that if superimposed on the ty slide, they flanked the U, The
separation between the arms of the U and the inner vertical components of
the left and right H's was .18°. The m stimulus was PM3. The first and
third line-configuration of PM3 overlapped the two H's and the middle line-
configuration overlapped the U, if superimposed.

The three conditions described above, and depicted in Figure 19, were

examined. Three naive and one experienced Ss participated, First, for each
'S an ISI was determined between t) and t, which yielded a fairly good and
consistent metacontrast effect, i.e., S reported either that he failed to
- see U -(only one. S reported such a failure) or that the U was of "ghost-1ike"
character and apparent movement was strongly present. For three Ss this ISI

. value was approximately 100 msec; for the remaining § it was 80 msec. Sec-

ond, the minimal ISI: between t, and m at which t) could always be seen and

identified was determined for each S. This value, y, varied between 50 and

70 msec across the four Ss. Third, the three stimuli were presented in suc-

- cession at ‘the determined x and y values. - Throughout, t; and tp and m were.
~all exposed at 10 msec and 8 ft L. ‘The right eye received tj and ty, and

~ the left eye received m. s - R -

Rgsu;;s,agé Discussion

‘ ~,Tﬁéffééﬁiﬁs 6f{this ﬁ§n$ﬁstraﬁi9n Wé:e'és’folldws;TfFér each § in Condi-
tion 3, U was clearly seen with PM3 as background, and the pair of H's was
fno:;3"Swicching“ba;k‘ahdhforth»betygen,Gaﬁditions:Zjand 3, that is, simply
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turning U on and off, revealed that whereas the pair of H's followed by

PM3 were clearly seen in the absence of U, they were not seen in its pre-
sence. And, of course, the fact that U was more identifiable in Condition
3 than in Condition 1 is further evidence of the effect observed in Exp. IV,
which is that an after-coming mask (PM3) may reduce or eliminate the inter-
fering effect of a preceding mask (the pair of H's) on the perception of an
earlier-presented T (in this case, U). The present experiment stands in
contrast to Exp. IV in that here the "disinhibiting' effect (see discussion
of Exp. IV) is purely of central origin.

Three further experiments/demonstrations were conducted with the same

Ss. One showed that the queuing effect could be obtained with an overlap-

ping U and H centrally located in their fields and with PM as the third
stimulus. These x and y values were not identical to those of the main ex-
periment. For expository purposes, these stimuli did not provide as good a
demonstration as those described above. This experiment showed, however,
that metacontrast conditions were not essential to the demonstratlen of queu-
ing.

A second experiment showed that the queuing effect, i.e., the effect of
t] upon the susceptibility of to to m, could be obtained just as well when
U was presented to one eye and tha flanking H's and PM3 were presented, at
the same x and y values as.before, to the other. This rules out the notion
that U retards the processing of the H's by lowering the sensitivity of pe-
ripheral nets, a possible interpretation of the queuing effect described in

‘the main experiment. On the contrary, the queuing effect is indeed central.

A third and final experiment provided further corroboration of the queu-
ing hypothesis. A prediction from thls hypothesis is that in Condition 3
the likelihood of m masking ts at ISI = y msec should decrease with increases
in x. This prediction was demonstrated for all four Ss by holding y con-
stant and increaging the value of x. What was surprislng, however, was that
for the four Ss the value of x at which the flanking H's became visible was
fairly substantial, of the order of 200+ msec., This.implies that the locus
of queuing was not in the central stores. If replacement time were of this
order of magnitude, it would be difficult to account: for any central back-

ward masking.

In Summery, Exp. XVII demonstrates that eentrel queuing does occur with
the effect prebebly localized at a reletively late stage of the central de-
cision process. In addition, the several demonstrations of Exp. XVII sug-
gest a methodology for investigating central proeesses in 'vision in some de-
tail. Obviously estimates of processing time would have to take into account
queuing time.  Also, the present demonstrations wouild seem to raise serious

- questions about models of metaeentrast Whieh reduee the phenomenen to later-

al inhibitory processes (e. Ees Bridgemen, 1971; Weisstein, 1968). -Off-hand
it would seem that more. complex proeesses are deeded to hsndle the interpley
between nonoverlapping stdmuli o .

EXPER-EENT ' xvnr

A sherthend -account of the preeeding reseereh is thet when two. sueees—
sive stimuli compete for the services of. peripherel systems, the greater en-

. ergy event wins, on- the other hend whee tWO stimu11 eempete for the serv;ees'
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of thE central decision process, the victor is likely to be the one that

Consider a T stimulus of relatively low energy, so that its peripher-
al processing time is longer than its duration. A mask event which follows
immediately on the same eye will occupy the same peripheral nets as T. Wheth-
er the peripheral nets output data on T or not is very much dependent on
whether the T stimulus has more or less energy than the mask. If the T
stimulus has the greater energy, then the peripheral nets will, in the main,
output data on T. On the other hand, if the mask has the greater energy,
then what is represented in the set, S, of central stores is primarily data
on the mask,

Let us now look at the case in which T energy is greater than mask en-
ergy and the mask is PM3. The temporal variable is SOA. At brief SOA's T
and FM3 will occupy common peripheral nets but since T is of greater ener-
gy, T data, rather than mask data, will be output, i.e., PM3 will fail to
mask T. At longer SOA's, however, peripheral processing of T is close to
completion, or is in fact completed, prior to PM3 onset. As a consequence,
the central decision process now receives in succession two sets of data.
The central decision process is not affected by stimulus energy, and there-
fore, the energy superi city of T over PM3 i1s no longer relevant; what does
matter is which data set arrives second. In this circumstance, PM3 can now
successfully mask T. In short, for the condition in which T energy > PM3
energy, masking should vary nonmonotonically with SOA and a U-function should
_be obtained. .

Quite to the contrary is the case in which T energy < PM3 energy. At
brief S0A's PM3 masks T because of its energy superiority. At longer SOA's,
PM3 masks T not because of the energy difference but because data on PM3 re-
place, or are interwoven with, data on T in the central stores, thus dis-
torting the central decision process. Hence, when T energy < PM3 energy,
masking should be a monotonic function of SOA. Experiment XVIII tests these

predictions.

E
{
L
i
'
’.
i

Method

) There were two conditions with four naive 8s receiving both. In one
canditinn, the luminance of the T stimuli, the ‘set of trigrams, was twice
that of PM3 (Conditicn 2:1); in the other, the luminance of T was half that
of PM3 (Condition 1:2). The lumimance values were 5 ft L:2.5 ft L and 2.5
ft L:5 ft L respectively, aﬁd both T and‘PMB"Were exposed'far'lﬂ msec.

At each of eighteen SOA's, ranging- from- 0 to 184 msec, all four Ss in
both conditions viewed twenty trigrams followed by PM3, with a different set.
-of twenty -tr igrams given at each SO0A. The number of consonants corractly
1déﬂt1f1&d'was recarded for- each trigram presentaticn.

In both conditions, Ss were tested: in ascending order from SO0A = 0 msec
‘to SDA 184 msec.  Two: Ss were given Condition 2:1 first, and two were given
Ccnditiun 1:2 first. All_stimuli were presented monocularly, to the right




Results and Discussion

The mean number of letters correctly identified (without respect to
position in the trigram) at each SOA value are shown for individual Ss
in Table 9, and Figure 20 shows these mean scores averaged across Ss. The
expected nonmonotonic and monotonic functions were obtained.

TABLE 9

EXP. XVIII: MEAN NUMBER OF LETTERS IDENTIFIED AS A FUNCTION OF
S0A FOR TWO RATIOS OF T AND PM3

S0A(msec)
Subjects T :PM3

0 4 8 12 16 20 24 32 40
s1 2:1 3.0 .2.8 2.9 3,0 3.0 2.1 1.3 .7 5
=t 1:2 0 0 0 0 0 1 .1 1 2
82 2:1 3.0 2.8 2.8 2.8 3.0 2.7 2.2 2.2 1.2
=24 1:2 0 0 0 0 0 0 1 .1 .8
53 2:1 2,8 2.6 2.9 3.0 2.7 2.5 2.3 2.6 2.4
=- 1:2 0 0 0" 0 0 0 0 0 .9
g4 2:1 2.8 2.7 2.4 2.6 2.6 1.9 2.1 1.6 1.6
= 1:2 0 0 0 0 0 0 .1 1.0 1.3

SOA(msec) -

Subjects | T:PM3

48 56 64 80 96 112 136 160 184

g ©  2:1 85 L7 7 1.0 1.1 1.7 2.6 3.0
= 1:2 8 .8 .5 .9 1.5 2.4 2.1 2.7 3.0
g2 2:1° 1.0 1.3 1.0 2.0 2.7 3.0 3.0 3.0 3.0
53 2:1 1.0 1.3 1.0 2.0 2.7 3.0 3.0 3.0 3.0
= 1:2 6 1.2 1.4 2.3 2.8 3.0 3.0 3.0 3.0
w 2:1 1.7 1.6 1.7 2.4 2.5 2.6 2.4 2.6 3.0
2 1:2 21 1.9 2.3 2.1 2.8 2.7 2.9 3.0 3.0
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The minimum of the U-function in Condition 2:1 is at 48 msec. The
two curves converge a little later than this in the region of 56 to 64
msec. In principle, if the T was of the same energy in both ratio condi-
tions, the minimum of the U~function and the point of convergence with the
monotonic function should be at the same SOA. The SOA value at which mask-
ing is most severe in nonmonotonic functions should vary inversely with T
energy. Therefore, if the lower-energy T (10 msec x 2.5 ft L) had been pit-
ted egeinet a maek of 10 msec X l 25 ft L then the minimum ef the U weuld

verged at thlS minimum.

U-shaped masking functions have generally been observ:d only under
conditions of metacontrast, that is, conditions in which the contours of
the mask do not overlap spatially with those of the T stimulus. The pre-
vailing sentiment is that U-functions are unique to metacontrast paradigms
(e.g., Bridgeman, 1971) and that metacontrast is therefore a very special
type of visual masking. Although the present data do not necessarily re-
fute the latter, they do show that U-functions can be obtained with T and
mask overlapping, an observation buttressed by recent experiments of a very
similar nature conducted by Purcell and Stewart (1970). These investiga-
tors, in accord with the present research, report U-functions with overlap-
ping T and pattern mask when T is of greater energy than the after-coming
stimulus, -

The interpretation presented here for the U-function in backward mask-
ing is that it results from the differential effect of stimulus energy on
masking of peripheral and central origin, coupled with the priviledged na-
ture of a stimulus arriving centrally as the second of a pair. The question
arises: is this interpretation applicable to Usfuﬂetlene generated by non-
overlapping T and mask?

A notable feature of meteeentrast effects is that they tend to be as-
sociated with highly labile reepeneee and are, for the most part, hlghly
dependent on the criterion used by S Generally the requirement for .the
metacontrast effect is that S uses a high criterion to determine his response
(see Kehneman 1967b, 1968 aehlller‘ 1969), which may be interpreted to mean
that fairly complex, central processes underlie the effect (Schiller, 1969;
Uttal, 1970). 1In addition to this idiosyncracy, there are several sources
of evidence which strongly imply that the perceptual interference obtalned
with neneverlepplng stimuli is primarily of eentrel erigin.

Firet the effect can be obtained diehcptleelly (Kolers, 1962; Kolers -
and Rosner, 1960; Weisstein and Gowney, 1969). ‘Second, Schiller's (1969)
microelectrode recordinge from the lateral geniculate nucleus of the cat
.show that there is no. physiclogical evidence of- response depression in meta-
contrast-like etlmulue eanditicne.‘ Depre551cn or suppression are found
either in neural reeponee (Schiller, 1969; Fehmni, :Adkins, and Lindeley, '
1969) or in evoked potential- (Donchin, Wicke,'end Lindsley, l963),
in situations in which the two stimuli overlap in receptive fields.'
Thlfd,'SEVEIal llnee of evidence suggeet that metecontreet effecte

. , , : :
Recent experimente on visual eveked—petentiel eorreletee of sequental blank-
ing_ by Andreassi-et al. (Andreesei Mayzner, Beyda, and Davidovics, l971)
are relevant both to thle pe;nt and to the generel theeie of the present
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are not only central but, indeed, arise at a_very late phase of the central
decision or construction process. Werner (1935) showed that ‘metacontrast
effects rapidly diminish when the similarity between the contours of the
two stimuli decrease. More recent evidence implies that the effect is most
pronounced when the two stimuli, such as a form as target and two flanking
forms as mask, are identical (Buchsbaum and Mavzner, 1968; Parlee, 1969;
Uttal, 1970). The implication is that metacontrast masking may depend in
many circumstances on the achievement of a central state approximating the
identification of the form and not simply upon an interaction between con-
tour-forming processes (see Uttal, 1970, 1971a).

On the present view, it would have to be argued that metacontrast in
monoptic conditions, which follows a monotonic function with maximum mask-
ing at SOA or ISI = O msec, arises in part because of interference in the
transmission line. The conditiou for monotonic masking functions is that
mask energy be greater than T energy. Ian this situation, since no periph-
eral suppression can be found with nonoverlapping stimuli of equal ener-
gy, it would have to be assumed that the masking originating in the trans-
mission line is caused by phencmena similar to those governing masking by
contourless flashes. The part of the mask field not occupied by, but bound-
ed by, the mask form (in the case of disc-ring stimuli) or forms .(in the
case of a flanking mask) overlaps optically the T form and is of greater en-
ergy. Therefore, we may assume that this peripheral masking is of no spe-
cial type and that it may be attributed to summation or occlusion effects
of the sort previously described. What is special is the central compon-
ent of a monotonic metacontrast function.

When in a metacontrast paradigm T and mask are of approximately equal
energy a nonmonotenic U-function is generally obtained. Since there is no
peripheral perturbation possible. under conditions of equal~energy and non-
overlapping stimuli, this metacontrast U-function cannot be explained by
the coupling of differential peripheral and central masking effects. The
entire function must be sald to originate centrally. U-functions in the
metacontrast paradigm have beer reportsd for both monoptic and dichoptic
conditions of preeentetion (see Kehnemen, 1968, WEieetein, 1968).

The two nonoverlepping, equel—energy etimuli are. handled, so it may be
aeeumed by different peripheral nets, and data on the two are cast into
relet;vely independent subsets of the set, S, of central stores. At brief
SOA's close to O msec, for both monoptic and dlchoptic presentetien, data
on both stimuli ‘are represented and a construction of both is made. What
“is perceived is- a composite, a eingle—stimulus event; in the case of disc
and ring as:T and mask, what is perceived is a "bull's eye" (Bridgeman,
1971).  With inereaeing SOA, the likelihood increases that all the data on
“the T etimulue are 1aid down before the data on the mask, Whleh leads to -
the question: How do the later- errlving data on’ the noncverlepping mask
induce‘a dietortion in the central decieien on-T?- .

peper.' In eondltiene where all the etimuli are: ef equel inteneity Se, while
not peree1v1ng and recognizing blanked etimull, do give a visual evoked po-
“tential to blanked stimuli. 'On .the other hand, ‘when the blanking stimuli are
- of greater intensity than the - blanked etimuli both pereeptuel and evoked-
potent;al euppreeeion oceur. -

,11
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The answer that has been given to this question when the stimuli
overlap is that the mask data replace data on T in the set of central
stores. With nonoverlapping stimuli having the same contours, replace-
ment may occur in the stores of peripheral sysiems rather like the com-
plex cells of Hubel and Wiesel which respond to a particular stimulus
pProperty appearing in a relatively broad region of the visual field.
However, in this case the new data would be identical to the old data
that they replace, and a successful construction of T should still be
possible. In short, the argument appropriate to overiapping stimuli
having similar, but not identical, contour conditions is not especially
appropriate to the metacontrast paradigm.

What is needed, perhaps, is the notion that data gathered from other,
proximate locations in the visual field, or more precisely, decisions on
data in other locations, enter into the decision process on the contents
of a particular location. And perhaps other-location decisions converge
upon the decision process in question at a relatively late stage, at least
beyond the point at which the property data from the relevant subset of
central stores has been used (see Figure 15).

The idea is that metacontrast effects arise at a later and perhaps
functionally different stage of the central decision process than the pre-
viously discussed masking effects induced by overlapping random patterns.

A functionally different stage might be one in which the decisions derived
from the data in the set of central stores make contact with the structures
-of long-term storage to achieve identification of the form in question.8

I any event, metacontrast is here viewed as a phenomenon arising from pro-
cesses beyond the level of the concurrent-contingent model described above.
And while this view pinpoints the locus of the effect, it does not, of
course, suggest why the effect should be .more pronounced at SOA > 0 msec.

EXPERIMENT XIX

Basically, Exp. XVIII showed that a stimulus which may escape monoptic
masking. at some relatively brief delay of mask may suffer masking at a lon-
ger delay. 'This result, besides implicating the interplay between peripher-
al and central processes in determining the shape of masking functions, sug-
gests caution in assigning an upper temporal ‘limit to the masking effect of
a particular pattern on a given T form. This point is put into relief by
considering the data of Exp. IX given in Table 4. There. it can be seen that

SA number of-gEQmetficilluSions;ie.g., the Ebbinghaus and Ponzo illusions,
are not too dissimilar from metacontrast. In both metacontrast and the .
illusions, a distortion in the perception of one element is induced by - 7
-surrounding, or flanking, elements. Schiller and Wiener (1962) have shown
with brief, dichoptic presentation of the test and inducing eléments that
these illusions are of central origin. This, of course, questions the no~
tion that these illusions arise from recurrent lateral-inhibitory processes
in tne retina; other lines of evidence question any form of lateral-inhibi~

tion explanation (see Coren, 1970). - An alternative view 'is that these il- -

lusions occur because the visual system is misled into entertaining in-
- correct hypotheses about ‘the test element (cf., Gregory, 1970). = Presui~ -
~-ably these hypotheses would be generated at a relatively late stagé in the .

~central decision process.
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the monoptic critical T duration for various duratisns of PM3 was rela-
tively brief in comparison to the dichoptic critical T duration for the
same PM3 values. An interpretation of this result might say that the
minimal duration of T =t which a particular duration of PM3 (at ISI = 0
msec) failed to mask monoptically defines the upper boundary on the monop-
tic influence of that PM3 on the perception of T.

The hindsigiit afforded by subsequent experiments, and in particular
Exp. XVIII, says that this minimal duration of T at which criterion perform-
ance has been attained does not define an upper limit for monoptic masking.
Rather it simply reflects the basic peripheral rule, which is that when two
stimuli occupy common peripheral nets, the more energetic ons 1is tavored.
Presumably if the T stimuli were presented for this duration and an ISI were
introduced between T and mask, as the ISI increased, identification accuracy
should first decrease and then increase, gradually returning to the original
criterion level. The reascn for this see-saw effect would be the transition
from masking originating peripherally to masking originating centrally as
witnessed in Exp. XVIII. :

Experiment XIX was conducted to verify these assertions. The proce-
dure used was essentially that of Exp. IX grafted onto that of Exp. XVIII.

Method

Critical T duration was first determined for each of four naive Ss .
-with the sel of trigrams at 2.5 ft L followed at ISI = 0 msec by a PM3 of
10 msec x 2.5 ft L. The usual criterion of four correct in succession was
used. When this critical T duration had been determined, ten ISI's. were
introduced between T and PM3 in 10-msec steps from 0 to 90 msec, with T
duration held constant at this critical valuc. At each ISI S was present- -
ed with five different trigrams, and the number of letters correctly iden-

‘tified at each was recorded. Stimuli were presented to the right eye.

Results and Dis;uséiqq'

Each §'s critical T duration and the mean number of letters correctly
-reported at each ISI are given in Table 10. -Inspection of Table 10 shows =~
that mean,identification;performaﬁéefdécliged{ftom?éfméﬁimym-dfgth?éeflet-}gf
ters to approximately two letters at an intermediate ISI and then recovered
- to the original level. The ISI means were cast into a.repeated measures =
analysis which showed a significant difference in identification performance

V',asraﬁfﬁnétiﬁﬁfaﬁ~iSIQQF(§;27)*374175;f??ilDOl;;}in”shbttffidéﬁﬁifiééﬁiéﬁ’fim 7 |
jaccg:aéyrvariedinmmnnptonically;;with-ISIfandjéritiéal;Tﬁdﬁrafién}waé}bb?idﬁsE:,1‘{

1y not the upper limit on monoptic masking by PM3.. - -

 covouwme prscusston

. 5,The,théQEEtinélf?éféﬁasicnﬂcf;thi§5pape:jhasfbgén‘a“vieWn6ffﬁéfcé§tioﬁ:°;”~””
as a temporal sequence of events involVving stages of storage and. transfor-
~mation (Posner, 1969). ' Accordingly, the broad conclusions from the preced-. .
| ing research and speculations on these conclusions are drawm within the
general context of the-information-processing approach described at the cut-
E ééf;T7Fi§ﬁféf1fﬁillfSérﬁéfaé"aﬂgsaful'rgféféﬁé ;7 T R R e
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theorizing, the contact between input and memory may be described as a
feature-match or, alternatively, as an analysis-by-synthesis operation .
(MacKay, 1967; Neisser, 1967). In either case the question, What (kind
of) object is this? is answered by first extracting certain properties or
features, which in turn raises the question: What kinds of features are

suitable?

It is quite unlikely that an inventory of straight linea, curved linca,
verticals, horizontals, diagonals, edges, colors, etc., present in the ret-
inal input cculd prcvidc a sufficient data set fcr stimulus idcntificaticn 9

batween the partc of thc cbject. We must suppccc that kncwlcdgc of what
kind of object or figure something 1is relies very heavily on "features,'
which exist only as relations among the parts. In short, the prerequisite
for answering the question, What object is thiu? is a global representation
~of the input, since it is only in the context of the whole that certain
"features" can be specified and that things such as lines -and curves are
useful to pattern-recognition devices. As Neisser (1967) observes: "In
terns of information prccacsing the whole ia pricr to icc parta" p. 91)

th, paradoxically, it haa tc bc argucd on thc basic of the singlc—
‘cell recordings of Hubel and Wiesel (1959; 1962; 1965) that any wholistic
representation must be derived originally from an inventory of features

much like that described above. - We may have to distinguish between two

kinds of "fcaturcc"' ‘those detected by feature-detecting systems and used
to reconstitute the global charawtcr of the input and- thcaa ‘abstracted from

the global representation and used to recognize it. . Let us .call features
of the first kind- context- indepcndcﬂc and fcaturca cf tha aaccnd kind con-

- text- dapcndcnt.: S

. Eapccially rclcvant to thc prcacnt viaw are tha recent ccmmcnts of
Pollan, ‘Lee, acd Taylcr (1971) on how ‘the striate cortex- rcccnctructc ‘the

: visual world. . Pollen and his ccllcaguca intimara ‘that the cimplc—ccll ley- -

fEl idcntificd by Hubcl and - Wicacl (1959, 11962, :1968) cannot specify unique~-
“ly. a- dcscription of  the. stimaluc, further procccaing is rcquircd until "a -
_'rcconatrccticn (by ‘which we mean the’ dcrivaticn of an: invariant dcccripﬂ .
n faa'viaual Dbjcct) ‘has’ been achiavad An acmc sct ‘of neurons' (p.?é) :
ranafcrmaticn'that ‘necurs- frcm thc lcvcl of tha aimplc to* that of the
complex cell (Hubel and Wiesel, 1962) is, to their way of thinking, only a-
'bcginning in the* rcconatruction process; a ccmplex cell ia tuned to only -
‘one: spatial frequcncy and only one particular anglc fcr ‘a. rcatrictcd regionlj
~of visual space. A" more- complatc cpccificaticn ‘of thc viaual fcrm, -an -"in-

fvariant" deacripticn, is achicvcd via a gatharing cf infcrmaticn from all

'Raccntly acvcral,authcrc havc”arguEd quita vigcrcucly againac thc claim
that featura—dctcctora ‘can: account for how thinga arc rcccgniccd or: why
thingc should look’ ac thcy do (Eribram, 1971 ‘Rock,’ 1970 Uttal, Bunncll
and -Corwin, 1970) chcra have bean lcss Jigcrcua, but cqually pcignant
(Grcgory, 1970 Nciaacr, 1967) R , : R T
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complex cells over the involved region, and this description, they argue,
may then serve as a unique determinant for further elaboration of the per-
ception through contact with the long-term store.

In light of the foregoing, the outputs of peripheral nets, i.e., the
content of the set of central stores, can be viewed in either one of two
ways: either the content of the stores is a list of context—independent
features or it is a wholistic representation from which relational proper-
ties are abstracted.

Let us suppose that the data in the set of central stores are context-—
independent features. The central decision process in the concurrent-
contingent model must be, therefore, at least in part, a series of opera-
tions by which a wholistic representation of the visual input is assembled,
or in the language of Pollen et al. (1971), "reconstructed." Thus, para-
phrasing Neisser, preliminary decisions emphasize the global rather than
the particular in the figure they construct. Assuming,; therefore, two fair-
ly broad stages in pattern recognition (Neisser, 1967), the central decision
process must first establish figural unity--which is Neisser's term - for '
wholistic representation and then make decisions on the nature of this seg-
regated object. The flret stage works with the data set provided by the-
peripheral nets; the second stage, with the figural unit afforded by the
first. Thus in Flgure 15, which illustrates the concurrentseontingent mod-
el, the figural unit is represented by the output of C,; decision nets. be—
yond C, are needed for the further elaboration and classification af the

'e*rmulus.

If, on the other hend we suppoee “that flgural unity is represented at
the level of the central stores, then the central: de2151one, Cq to Cpy, 1l-
luetreted in: Figure 15, are those which determine the proper eleeeifieetien
of the Stimulue by means- ef context-— dependent features abstracted from the
wholistic repreeentatien. On this view, however, it would be’ difflcult to
raCCount for the relation. between peripheral processing time- (PPT) and cen-
~tral- preceeelng time (CPI) described’ earlleraf ‘As was: noted *n cenditlene"r
of - relatlvely low 'T: energy, tme ‘upper 1im1t on’ meeklng (by PM ‘PM3) can be
‘set by ‘PPT, which- 1mp11ee thet -~ to - some extent, -‘the perlpheral and- eentrel o
 processes’ everlap in" time. - If. central decisions- beyond figurel unlty are -
'_dee1elene ‘which make use of prcpertiee‘ebetrected from, endatherefere, de=1
‘termined by, the- cnntext “of the whole, then it is 1mpoeelb1e on thlS view

~ of - per;pheral net autput for peripherel and.. eentrel proeeeeee to ‘occur con- - -

currently., The letter muet eweit the cempletlon of ‘the“former. Thue, of -
edetee the dete is ‘that whieh

,aeecribee the tetel eutput of perlpheral nete ae a- llSt cf context—indepen—,uf
dent feeturee from whichﬂthe cbjeet ferm As, reeenetrueted We mey Now, ed—

P' .p
ind Coriell’ (1961) Eeeentiel—
neeuely an everleed nf iteme,

qu, thie paradigm invelvee;A;
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which element or subset of elements S has to report. Despite the fact
that the display load generally exceeds the memory span, if the indicator
occurs soon -enough after the display, S can give a highly accurate report
of the specified element (s). As demonstrated by Sperling (1960), this
delayed partial-sampling procedure shows that S has far more information
available than can be reported by the memory-span, or whole-report, tech-
nique. Generally this is intepreted as meaning that the information tapped
by the partial report exists in a storage medium of such brevity that the
memory-span, or whole-report, technique is too slow to reveal it. The su-
periority of partial report over whole report declines rapldly with delay
of indicator. Estimates of the decay time of iconic storage inferred from
the decline in accuracy of partial reports vary from 250 msec to several
seconds (Averbach and Coriell, 1961; Averbach and Sperllng, 1961; Keele

and Chase, 1967).

It is generally proposed that iconic memory is literal, or precate-~
gorical (Broadbent, 1971; Neisser, 1967), a proposition supported, in part,
by the kinds of selection criteria which allow for efficient performance in
the delayed partielssampling tagsk. In the original experiments of Sperling
C1960), Ss were presented with an array of several rows of letters or dig-
its. . Thewdeleyed,;ndlcetor“speelf;edmrepcrtmby“rgw_arweolumn,' Partial
report at brief delays of the indicator was superior to whole report, dem-
onstrating, perhaps, that the spatial properties of the input were avail-
able in the iconic representation. However, in one of Sperling's experi-
ments Ss were asked to pick out letters or digits from a mixture of both.

. In this instance, partial report with preinstruction was not superior to
whole report, suggesting that the distinction between letters and digits
is not eve;leble at the-level of iconic storage.- Such a distinction is
based on a derived prcperty of the stimulus, and presumebly the time re-

: quired to eetegcriae a pertleular set of. phyeical eheraeterietiee as repa
resenting an item belonging to the class "1etters or "digits" is consid-
“erable in the medium of iconic' storage.  .In contrast, -superior partial re-
port .over. whole report can be eleerly demonetreted when the. eriterion for
' selection is- brightness,7512e (Von Wright, '1968)" olor (Clerk 19€9; Von
" Wright,. 1968),vehepe (Turvey .and Kravetz, 1970),  or-as already indicated,
“location (e.g.," Sperling, 1960) ... -These data:demonstrate that we. are eble
to eelect or ignore iteme in 1eonie eterage en the be31s of their generel

. ‘select or ignere items on the beeie nf the r derived prep ‘iee., In terms-

. of the: distinctlcne recently: made by Broadbent - (1971), -we can select- ef—aj
"gfleiently on - the besis of stimulus eet but not on- the basis of reepcnse
1eet., All thie speaks to the precategorlcal neture of 1conic sterege."




of short-term or primary storage (Hebb, 1961; Melton, 1963). In additionm,
experiments by Turvey (1966) and Doost and Turvey (1971) suggest that icon-
ic storage does not require central processing capacity for its maintenance,
in contrast to short-term storage which does rely on the availability of
central attentive processes (see Broadbent, 1971; Posner, 1966).

There are two interpretations of the experiments which show efficient
partial report under stimulus set instructions. One is that the proper-
ties of the stimulus on which stimulus set selection is based are present
in the iconic store; the other is that they are not present but they can
be rapidly ascertained, more rapidly, that is, than the properties which
allow for a response-set selection, say, between letters and digits. Take
as an example selection on the basis of size or shape. On the first view
these global properties of the stimulus would be "known'' at the level of
lconic storage, on the second they would not. On the second view these
global characteristics of the stimulus would have to be derived from a data
set consisting, presumably, of context-independent features.

~In theory, the content of iconic storage could be either a description

of a visual object or objects, suitable for subsequent operations of pat-—
tern recognition, or a conglomerate of "crude," context-—independent features
which requires some further operations before it is rendered into a form
suitable for classification. " On the basis of perceptual reports of 8s in
the delayed partial-sampling paradigm, the second of the two views of icon-
ic content seems unlikely. Generally, Ss' descriptions imply. that they see
- far more items than they can report (e, .,Sperling, 1960), and indeed, they
may know how many items were presented. althcugh they may not know what the
items were (see- Eriksen ‘and. Rehrbeugh 1970). 1In other words, ‘at the level
~of visuel information prceeeeing 1solated by the delayed partlal-eempling
paradigm somethlng is known about the gross’ form of the lnput ~and it 1s the
persistence of thlS knewledge which has been celled 1c0nic memary CTr

The descrlption of what ie kn’”' eg ehe level of 1con1c eterege, pro— -71:7

,,,,,,

,,fer the eentrel stores in: the ccncu:;ent—contingent model.; The ergument.

rmade was’ that the" outpute cf per;pherel nets are context- 1ndependent fea-
~ o tures. end that it is via: meane ‘of a‘central dec151on pzacees ‘that the’ vi-
,,euelabject dis- aesembled",end identlflcetian of that object eventually

echleved Perceptual reporte efise,‘in thaee eituatlons ofAthe present eeries,

¥w1th increaeing IST froﬁ reperting ‘no-
eter te an - lntermedler '

cte iet_pevare'clearly;f;'L

‘chere

11kg tg,i,l"
oqﬂper—*:

,;he cenclueien We wauld
the central eet of etores

ented at. the lev—i,fll" -
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properties of the stimulus object; the final category state (Broadbent,
197" * has not yet been achieved at this point in the flow of visual in-
forwation. For example, what is stored for an input to a certain region

of the visual field is the decision that the input in this region has this
size, this brightness, this color, this general shape, etc., but whether
the input was the letter "F" or one's loved one is not yet known. Thus,

in the central decision process, iconic storage represents an interface
between decisions based on context-independent features and decisions based
on context-dependent features.

Given the foregoing, the 'read in' to, and 'read out" from, iconic
storage may be described briefly as follows. First, a set of operation-
ally parallel, peripheral visual systems which have the retina as start-
ing point and the cortex as end point, signal fundamental, but context-
independent, properties of the stimulus at a rate which serves inversely
with the energy of the stimulus up to some limiting energy value. These
properties are entered asynchronously into a set of central stores by vir-
tue of the different processing rates of the different systems. In paral-
lel with the peripheral signalling of properties, central decisions about
the stimulus based on these properties are being made. At some point, and
here we can talk only vaguely, a decision is reached which corresponds-to -
a convenient description of the stimulus from the vantage point of the
subsequent categcrization procaaa (Broadbent, 1971; Neisser, 1967). This ,
decision state can persist for a relatively prolonged period, probably be-
cause the decisions which now occur (in read—out) are based on relational
" features which have to be abstracted. (and abstracting the "right" features
may on accaaion raquire several attampta), and probably because these sub-
sequent decisions tax the limited capacity ‘of the information-processing
mechanisms and thus, in the face of concurrent demands, canneot always be
" conducted as efficiently, and as awiftly,,aa is ideally poaaibla _This
decision-state is iconic storage, and we may conja:tura in the. earlier no-
tation that when PPIﬂi CPT the read-in-to iconic" atcraga ia relatively
“constant: fnr varying anergy values of tha atimulua. ' Lo

_ It will ba recalled that thia paper began with tha adoptian of a para
ticular Viaw ‘on two theories of maaking——tha intagratinn and interruption’

';jthaoriaa This viaw prnpoaad ‘that” intagration lccaliaad maaking by pat—-

. An axtenaion af o
; "TeIX was-that "in-'
tagration" daaaribed maaking originating paripha,ally while "interruption"

- was-a more: appropriata daacriptian of- central masking. - These-notioans,. es=
,pacially tha paripheral—cantral one, servad tp gulda tha deaign and intar—

‘oth thaoriaa ccmbina& can aubatantially;
“The paint to be made is, ‘perhaps, =
‘in which Gne stimulua may impair the[\



of a pattern prior to, and subsequent to, the attainment of the iconic
representation. The read-in to iconic storage consists of a number of
operations which may be affected in several ways by an after-coming
event. Outputs from early stages of peripheral nets may be occluded and/
or terminal outputs may be distorted. Data on both stimuli may exist in
the set of central stores leading to an iconic state which would, in ef-
fect, be a mixture of both. Or data on the leading stimulus in the cen-
tral stores may be replaced almost entirely, and immediately, by data on
the following stimulus so that no iconic representation of the first is
achieved.

A preceding mask can similarly influence the read-in by temporarily
prehlb;tlng peripheral net outputs or by mixing with the target stimulus
data in the central stores, thus giving rise to a blemished iconic repre-
sentation of the target. The temporal range over which impairment of the
latter kind can occur is limited by virtue of the fact that data on a
later-arriving stimulus event will always replace data on an earlier event
in any central stores that the two have in common. Quite obviously, in
this . perspective the effect of a patterned mask on read-in to iconic stor-
age could not be classified exclusively as either integration or inter-
ruptilon or as any e;mple eembinatien of the two.

Ihe pDSltlon taken in this final section is that the decision nets
illustrated in Figure 15 represent the process hy which the iconic, or
wholistic, representation is established. Thus, as we have noted, the
output of C, represents the iconiec form. The hypctheeie with which we
began . proposed in part, that interruptien theory spoke epeeificellv to
the effects of a mask on read-out, which here is viewed as a series of de-
cisions., - Ueuelly the interrupt;en theery ‘has  been ipterpreted as eeying
that an after-coming stimulus erases. or. replaces the icon of an earlier-

- stimulus thus curtailing the time- available for praeeeeing (Heher, 1969b;
“Scharf: end Leften, 19703 Speneer end Shuntieh 1970, Sperllng, 1963). In

" the: ceneurrentseentingent meeel therefore “the’ netion of replacement can

-~ be-translated: into "a.change ' in’ the decieion stete of. C_ "Presuming that

, euheequent centrel deeieion nets use. the Cp output as- tgeir ‘data base, ,
:ehenglng C gutput ona. firet stimulus wauld eut ehort the tlme ‘available

“for: ‘these: dee1elene on. that- etimulue.g ‘This: interpretetiun, of- eourse,‘;e
'eimllar to that- euggeeted in ‘the' elerk—euetemer enelogy. ‘Moreover, it im-

- pliee that the minimal SOA needed to _evade ‘a eentrel meek defines the- min—; .
'flmei t;me needed fer reed in and for reed=eut from iconie stereiw_;v s

_ , But a fundementel aseumptien ef the inform :ien—proeeeeing eppreeeh

" ~ig that the flow of information ‘on" ‘the nervous ' 'is characterized by
- .succeeelve ehangeereverrtime"n the eententfef;the 1nfermatlon (Haber 1969&)
. The idea" that”’the z on 5, in
" new form of ‘the's u
~'ewering t . _ us.is,”
jdifferent view ef_hew”iconie readseut might b dieturbed '




- masklng may uceur;r,*

as that needed to evade, say, a mask which is either another configuration
of lines different from PM3 or three letters or a word. In all these cases
we must suppose that the time needed to process the T letters from the icon
is constant and, therefore, that the upper limit on central masking is set
by this processing time. Replacing the T icon by any one of the masking
forms cited before processing 1s complete should yield masking, but the
interval at which no masking occurs sheuld be identical for all.

Quite on the contrary are some informal observations we have made
which imply that the upper limit on central masking for a given T stimulus
set depends on the form of the mask. For example following the trigrams
by a trigram mask,i.e., three letters overlapping the three letters of the
T stimulus, requires a longer minimzl SOA for evasion of masking than fol-
lowing the trigram by PM3. In addition, in a variation of the situation
described in Exp. XVII, a letter U followed by a pair of flanking H's gives
a maximum metacontrast effect at an interval far in excess of that at which
PM fails to mask the U. What these observations imply is that the minimal
SOA needed by a stimulus to evade masking does not necessarily define the
minimal time needed to process that stimulus; rather it defines the maximal
time in which this particular mask can interfere with the processing of
this particular stimulus.. In other-words, the time to . ‘process an item may
well ~xtend beyond the temporal interval in which a given mask can impede
perception., Essentially, this theme is Expressed in the contrast between
RN and PM. :

We may therefore entertain an alternatlve to the ieen=replacement
notion. To begin with perception is, as we hzave noted earller, a sequence
"of operations in time in which the iconic stage, we might now add, is a
convenient point to introduce a delay if such a need ‘arises (see Posner,
1963). But in most circumstances pereeptiun prueeeds uninterrupted with
the output of each’ deeisien net representing a ‘further’ gain in knowledge
,about the- stimuluss Masklng arisas subsequent to the C, “output, 1. =P
'pestsleenically, not: beeause of ieonsreplaeement, although ‘that may occa=-- -
sionally be true, but because. diseuvering what kind of objeet the mask is-
‘may require the- serviees ‘of" deeisien nets beyond ‘C; ‘which“are pfesently 7
- engaged -in diseaveriug ‘what' kind of object the target is., 'The implication

of this view is- that ‘the more similaritres between the target and-mask (and
this’ s1milarity is not restricted to:the physieal dimensiens) the greater-
the epportunlty for- masking and the greeter the temporal range over which 'j

, In thls resPeet a most instructive observation on sequential blanking
. or masklng:has been’ made by Haysner ‘and" Tresselt (1970): -1f a .non=-word ,
' i "werd fiVEaletter target{ masking oceurs,

These experiments shew that
;rd Ce Bss muuseexr




SUMMARY

A series of experiments was conducted which explored visual masking
of peripheral and central origin through the use of mask stimuli which
masked either both monoptically and dichoptically or only monoptically.
The major observations are summarized below.

(1) Backward masking of peripheral origin was characterized by a
multiplicative rule relating the energy of the target stimulus to the
minimal interstimulus interval needed to evade masking; thus, target energy
X minimal interstimulus interval = a constant.

(2) Backward masking of central origin was characterized by an addi-
tive rule relating the duration of the target stimulus to the minimal inter-
stimulus interval needed to evade masking: = target duration + minimal inter-
stimulus interval = a constant. This complimentarity between target dura-
tion and interstimulus interval implicates onset-onset time as the relevant
temporal variable in central masking.

(3) While energy variables significantly affected the degree and di-
rection of peripheral masking, they were relatively immaterial to masking
arising centrally. - SRR o ’ h : -

(4) Forward masking of peripheral erigin was more pronounced than
backward masking of peripheral origin; moreover, the severity of peripheral
forward masking increased with increases in mask intensity, the severity
of peripheral backward masking did not. Peripheral forward masking, like
peripheral backward masking, was characterized by the multiplicative rule.

(5)  In comparison’ to central backward masking, central forward mask-
ing was relatively weak and.did not-appear to obey the additive rule. In
addition, a central forward masking effect was observed which delayed,

rather than impaifed,'targethtimulusApéréép;i@n;j_f

- (6) When two stimuli, target and mask, were presented monoptically in

a baékﬁa%d‘méékingféfraﬁgément,fthg'aﬁpérfliﬁitAén;mask;ﬁggﬁﬁg_set‘byf
eitherIPEfipheralwcffcéntfalfprégéSSésfdépendingﬁonfthé”enEfgy-éfgthé

target and the relation between the target and mask patterns.

.:",(7) nA‘hcﬁmonotoni; §%£dﬁéti§anas;gbtéingd;mcnoptiéally.with,gﬁefé

lapping;target”andfmask;fﬁheféfﬁéfgét'eﬁergthasgg:eate:*than;maskgEnéfgj;7-'

"”frhe,functicn;iéfiacts*thé]tfanEiﬁion;ffémipétiphé?al-téfcéﬂfralsﬁaskiﬁgf'~5ﬂ
‘with increasing delay between the two stimuli. =~~~
. (8) Individual djffere

'llTwé;ébsgréa;iéﬁsjby“sghillér;(5¢hillgr,f1965‘ Schiller

~ speak to this point: monoptic and dichoptic masking

- clines with practice, more so for dichoptic than n
‘but:practice does not*significantly inflilence masking

' L pract , ic . :EyiéihémégeﬁéQHS“'
~;fIaShEF”Bch_Df;thESE”result51wcﬁld?bé;éx?eégédﬁbnﬂthgfpfihéipléﬁtﬁat*37

| dichoptic masking by a light flash raflects di;
“mets.. The'central process’ should be more susce

tice * -

fereﬁéeéiwétermgnifest;ﬁﬂgreater in central than . -

eripheral = .




(9) '"Disinhibition" or "recovery of target' effects were observed
which could not be easily accommodated by lateral-inhibition explanations.

(10) Peripheral and central processes, symbolized respectively by the
multiplicative and additive rules, do not function in a sequential and
additive fashion. Rather, the relation between the two is that they over-
lap in time, with the central processes contingent on the outputs of the
peripheral processes. A model was developed which expressed this con-
current-contingent relation and rationalized the data of the present series
of experiments.
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Separate Speech and Nonspeech Processing in Dichotic Listening?

+ : , +
Ruth S. Day and James C. Bartlett
Haskins Laboratories, New Haven

ABSTRACT

Temporal order judgment (T0J) in dichotic listening can be a
difficult task. Previous experiments that usad two speech
stimuli on each trial (S/S) obtained sizeable error rates

when subjects were required to report which ear led (T0J-by-
ear). When subjects were required to identify the leading
stimulus (TOJ-by~stimulus), the error rate increased sub-
stantially. Apparently, the two speech stimuli were compet-
ing for analysis by the =zame pracessor and so were over-—
loading it. The present experiment used the same TOJ tasks
but presented a speech and a nonspeech stimulus on each trial
(8/NS). - The error rate was ‘comparable to that of S/S for TOJ-
by-ear but did not increase for TOJ-by-stimulus. This would
be expected if the speech and nonspeech stimuli are being sent
to different processors, each of which performs its analysis
without interference from the other.: The interpretation of.
the data given here is consistent with the results of standard
identification experiments reported elsewhere: when asked to
identify both stimuli on each dichotic trial, subjects made
many errors on S/S§, while performanae was v;rtually error free
on S/NS.. : : o : : -

Dichotic list%nlng is presumably a task that creates a 51tuation of in-
formatlon overlcad - Let us examine some of the data that support thls no-
tion. o . N

When bcth st;mull are speech (S/S) Gcn31der gases where a dlfferent
speeeh stimulus: 1s«pzesentad ‘to-each: ear;, When subjects are’ asked to report
both stimull, do errors. occur? ‘The answer is yes. Although there is a wide
range . of perfcrmanee levels repnrted in the literature, 51gniflcant errar,,jf
- rates are obtained. - -One: explanatign ﬁor ‘these results is that both speech
stimuli are sent to ‘a- 51ngle prncessor. Ihls pracesscr cannot fully analyze
- twa stlmull at the -same . time, hence errors occur.w S s '

When bcth stimuli are nonspeech (NS/NS) Cnn51der cases where a d;ffer—‘ 

" ent: ngnSpeech stimulus is- presented to: ~each ear.‘ Agaln, althcugh overall

performance levals vary in.the literature, signlficant error rates ‘are

L Paper presented ‘at ‘the San meetlng cf—the Ac§ﬁétiéa1*Sbciéty'of»Améfiéa,;
- Denver,’ Colorado, October 19714 S S el e TR

SRt : '
' Also Yalk Unlver51ty, New Haven."




anation complementary to the one given above for the 5/8
peeeh messages are sent to a single processor. This

obtained. An exp
th no
ll handle two stimuli at the same time, and hence errors
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occur.=
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When one stimulus is speech and the other is nomspeech (S/NS). Recent-
ly we asked a very simple question: what happens when we present speech to
one ear and nonspeech to the other ear (Day and Cutting, 1971a)? Will er-
rors oceur in this "mixed" S/NS situation? The answer, somewhat surprising-
ly, is no. Thus, given a consonant-vowel syllable to one ear and a tone to
the other, subjects are readily able to identify both stimuli. It makes no
difference which ear receives the speech stimulus and which the nonspeech
stimulus. It appears, then, that each stimulus is sent to a different pro-
cessor. Each processor can do its work without eompetition from the other.
Figure 1 summarizes the results and explanations for S/8, NS/NS, and S/NS

identification tasks.

Elsewhere (Day and Cutting, 1971b) we have re-examined what it means to
say that dichotic listening yields a situation of information overload re=~
sulting in "perceptual competition.” We have argued that perceptual compe-
tition in these standard identification tasks occurs only when both stimuli
are from the same broad class of events, that is, when both are speech (s/8)
or both are nonspeech (NS/NS). Perceptual eompetitlon doee not occur when
one .stimulus is speech and the other is nonspeech (S/N8S).

.- The present paper exeminee a different kind of dichotic listening task:
temporal order judgment (TO0J) tasks. Figure 2 illustrates the general manner
in which we conduct these studies. The relative onset time of the members
of a dichotic pair are varied over trials, as shown in the top part of the
display. On some trials, stimulus A and stimulus B. begin at the same point
in time; thue, there is zZero relative onset time between the two stimuli.
'On other trials, stimulus A preeedee stimulus B by a short interval, “for
_ exemple, 25, 50, or 150 msee- “There are also tr1als where etlmulus B pre-
,rcedes etrmulus A by theee eeme 1ntervele. e ~ :

Two types of {TOJ taeke are: ehown in the bottom portion of Figure 2. In
- the TOJsbyaet1mulue tesk the eubject 1is- aeked ‘to report. ‘which stimulus led.
- In terms of the schematic: diagram, ‘he. would report ‘either stimulus-A or- '
" stimulus B, - In. the TOJ—byheer task, we. preeent the same stimuli but ask a
:dlfferent queetion. The subject is ‘asked to report whieh .ear led. Hé eeed‘ﬂ

©not perform linguistic enelysie ‘and’ 1dentify the: leadrng etlmulus,_ell he

. elsewhere’ (Day,_197D fortheoming, Day

_needs to do is’ determine whieh”eer wee'the flret to rece;ve etimuletion. .

" We'are 1nterested in eemparlng everell performance levele for the two’
TOJ teeke. First, cene1der what- happens when both-stimuli’ are epeech., ‘The

- data’ shewn in- Figure 3. have been pooled over ‘sevéral experiments reported
and Cutting, 1970, Day. and Cepelend

© forthcoming-a). -Stimuli were of the. general form BANKET/LANKE'I‘ When the

lNote thet we .are dleeuseing overall perfermance levele here end heve put .
'.ae1de the whole questlon of ear—hem1ephere edvantegee.,‘ 'r,,ef, i
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relative onset time of the two inputs was 25 msec, overall performance was
53% correct when subjects had to report which stimulus led (TOJg). For
this same lead condition and identical stimulus pairs, performance was 607%
correct when these subjects had to report which ear led (T0OJe). Thus there
was an improvement of 77 when subjects reported ear-of-lead rather than stim-
ulus-of-lead. This improvement occurred at all lead conditions, with a 15%
difference between the two tasks in the 50-msec condition and a 197% difference
in the 150-msec condition. 1In addition to this task effect, there was a
lead-fime effect: subjects were better able to judge temporal order as the
relative onset time between the two inputs increased. However, we are pri-
marily interested in the difference between the two tasks as shown by the A
on the right side of Figure 3. Recently the TOJy vs. TOJg comparison was
made in a highly simplified situation (Day and Copeland, forthcoming-b).
The same pair of consonant-vowel syllables (/bze/ + /dse/) was presented on
every trial, with lead times of 50 msec. Again, TOJ yielded superior per-
formance. € : :

What happens when we perform the same experiment but use "mixed" S/NS
trials? The present experiment used the syllables /ba, da, ga/ as speech
stimuli and 500-, 700-, and 1000-Hz tones as nonspeech stimuli. The stimuli
were those used in the first S/NS study (Day and Cutting, 1971a). That paper
describes the stimuli and the tape preparation.  Briefly, all stimuli were
300 msec long, and the amplitude envelopes of the tone stimuli were matched
to resemble those of the speech stimuli. Tapes were prepared on the pulse
code modulation system-at the Haskins Laboratories (Cooper -and Mattingly,
1969) which insures an accuracy of *1/2 msec 1in specifying relative onset
time. o

There were twelve subjects. All were right handed, had no history of
hearing trouble, and were native American English speakers. A representative
trial consisted of /ba/ to one ear and a low tome to the other. On the T0Jg
‘task, the subject would report either '"ba" or "low," while on the TOJ, task,
"he: would report either "left" or "right." : . '

Flgure 4 summarizes the resulte ‘of the. experiment. Again, performance
did. improve . as the reletive ‘onset. time ;nereaeed. However, there was no
task difference., Thus the A-value was 3%, 4%, and 2% for the 25—, 50—, and"
150-msec eondlt*cns, respect vely. None Df»these differences is statistically
sign;flcant. ' T e - ‘

- -In order te visual;ee the eentreet between the previous S/S exper;mente’
and the present S/NS exper;mente, let us compare LL—scores across experlmeﬁt'
types. . Figure:5 plcte Al—eecres .along: the ordinate, representlng a subtrac=
-tion of the T0Jg scores: from the TOJe scores. For the previous: S/S type of .
experiment, there were" lafge task. differences far ell lead" conditions:- Also,
- the’ magnltude of thlS differenee increased: acrose the ‘lead continuum. In

the present. S/NS type of e periment, ‘there were small, non51gn1f1cant task
,dlfferencee, andglchﬂ not cheﬂge ecross the lead contlnuum.

'These data can be V1ewed in still ancther manner.  So far we have beenr'
: laoking at: overall correct’ perfcrmance., Figure 6 replots the same data in
. terms of error sceres,'collepeed over the lead continuum. ~In the 8/8 experi-

- ments, when subjects only had to report ‘which ear led, the error rate was 25%.

~When ‘more complex.information’ prgeeseing was required, namely when they had
“to ! report whleh stimulus led the error’ rate 1ncreased to 397%. This increase,

e
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as we have seen, is highly significant. This is the type of result we would
expect if both stimuli were requiring the services of a single processor.
The S/NS experiment yielded comparable error rates for both TOJ tasks:

267% errors for TOJ, and 29% for TOJy. Remember that in the TOJg task, the
-subject must perform all the analysis functions necessary to identify the
leading stimulus. Nevertheless, in the S/NS situation, this "extra work"
did not yield increased error rates. Such results are consistent with the
view that speech and nonspeech stimuli are sent to separate processors for
analysis. - The data and explanations presented here for the two TOJ tasks

- are compatible with those discussed earlier in terms of standard dichotic
identification tasks (summarized in Figure 1).

We ‘are also comparing S/S cases with S/HS cases in other situations.
Recently we completed some studies using dichotic, binaural, and monotic
modes of presentation.  For S/S cases, a given level of coirect performance
was obtained under dichotic presentation; performance increased when these
stimuli were presented binaurally and monotically (Day and Copeland, forth-=
coming=-a). However, for S/NS cases, performance levels were identical for
all modes of presentation (Day and Bartlett, forthcoming). Thus perception
of S/NS items is independent of mode of presentation as well as type of TOJ
task

In view of the various findings discussed above, we cannot rule out the
possibility that there can be separate processing meehanleme for speech and
‘nonspeech. :
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Dichotic Fusion Along an Acoustic Continuum

" +
James E. Cutting and Ruth S. Day+
Haskins Laboratories, New Haven

ABSTRACT

When stimuli such as BANKET and LANKET are presented dichotically,
phonemic fusions often occur: subjects report hearing BLANKET.
Previous studies have shown that stop + /r/ and stop + /1/ items
have different fusion properties. For example, /1/ was sometimes
substituted for /r/ (but rarely vice versa): GOCERY/ROCERY—>
(yielded) GLOCERY. The present experiment varied the liquid
stimuli along an acoustic continuum involving the third-formant
transition. For example, one set varied from RAY to LAY. Each
was paired dichotically with an initial stop stimulus, in this
case, PAY. All inputs (PAY, RAY, LAY) and possible fusions

(PRAY, PLAY) were acceptable English words. When asked to report
"what they heard," subjects gave many fusion responses. OQf these,
there was a preponderance of stop + /1/ fusions  (88% vs. 12%).
They occurred even for pairs where the liquid item was reported
as an /r/ during separate binaural identification trials. Thus,
given that an item was identified as RAY, the same subjects re-
ported hearing PLAY when it was paired with PAY:- PAY/RAY—sPLAY.
Despite the fact that the third-formant transition is crucial for
perception of /r/ vs. /1/, this parameter was not responsible for
the observed phoneme substitutions. - - ' ' )

Most of the dichotic listening literature to date has dealt with the
phenomenon of perceptual rivalry. Given a different stimulus to each ear,"
the subject typically reports hearing one or both of them. Different infor-
mation ‘contained in each stimulus is not combined into a single percept.
Thus, -given the dichotic digits ONE/FIVE, the subject does not report ‘hear-
ing FUN or WIVE. Perceptual fusion does occur, however, when certain psy~
cholinguistic variables have been taken into account (Day, 1968). TFor ex-

ample, given the dichotic pair BANKET/ILANKET, subjects often report hearing
BLANKET (Day, 1970a, forthcoming; Day and Cutting, 1970). This phenomenon
of phonemic fusion has been obtained for various types of consonant -clusters,
including initial stop + liquid clusters’ such as BANKET/LANKET (Day, 1970b)
and final stop + fricative clusters such as TASS/TACK (Day, 1970b).

- “'One of the'intrigﬁinggf;ndiﬁgS’in'ﬁﬁe'ﬁhQﬁegiéifusién_stﬁdies is thgt
some clusters fuse more readily than'éthersf(Day;’1968)}9'For'examplé; BACK/

% . e PR S e R . .
Paper to be presented at the 83rd meeting of the Acoustical Society of Ameri--

ca, Buffalo, New York, April 1972.°
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LACE?}BLACKl more readily than TACK/RACK->TRACK (Day, forthcoming-b). Studies using
natural speech stinuli have obtained fusion rates for initial stop + /1/

clusters that arr. more frequent than those for initial stop + /x/ clusters.

Day (1968) noted that such differential fusion rates cannot be explained by

the relative frequency of these clusters in English. Imn fact, frequency data

show the reverse trend: stop + /r/ clusters outnumber stop + /1/ clusters.

She suggested that the differential fusion rates might be explained on an

acoustic level. ‘

Another curious finding further distinguished /r/ from /1/. Given GOCERY/
ROCERY, subjects sometimes reported hearing GLOCERY. Thus /1/ was substituted
for /r/. This /1/-for-/r/ substitution occurred quite often, while the re-
verse substitution rarely occurred.

The present set of studies was designed to explore the different fusion
properties of /r/ and /1/ by varying a relevant acoustic cue. O'Connor et al..
(1957) and Lisker (1957) have shown that the third-formant transition is cru- -
cial for the perception of initial /x/ vs. /1/. Hence this acoustic cue was
systematically varied along an F3 continuum from /r/ to /1/; the resulting
stimuli were then paired with an appropriate stimulus beginning with a stop
consonant, and the resulting fusion rates were observed.

General Method

Stimuli. Four fusion sets of the same general pattern were gelected:
the PAY set (PAY/RAY-3»PRAY, PAY/LAY-»PLAY); the BED set (BED/RED—>»BREAD,
BED/LED—> BLED); the CAM set (CAM/RAM->CRAM, CAM/LAMB—) CLAM); the GO set
(GO/ROW—> GROW, -GO/LOW—>» GLOW). Thus, for each set, all phoneme strings-
were identical, except for the initial element. Dichotic trials consisted
of a stop-initial string such as PAY presented to one ear and a liquid-in-
itial string such as RAY or LAY to the other ear. All inputs and possible-
fusions were acceptable English words. Furthermore, all have a relatively

. high frequency of occurrence in the language [most have Thorndike-Lorge
(1944) frequencies of 100 per million]. '

The stimuli were prepared on the parallel resonant synthesizer at the
Haskins Laboratories.  The acoustic form of each stop was identical on all
presentations. However the liquids varied along an acoustic continuum as
shown in Figure 1. For each liquid array such as the /rer/=-/l€1/ array, the
stimuli were identical in all respects except for the first 150 msec of the
third formant (F3). F3 was varied in such a manner as to .yield perception
of an;iﬂitial”/r?,at one end of the continuum and an'initial /1/ at the other
end.  Each stimulus in the array began with a different initial F3 value:

stimulus A = 1524 Hz, B = 1849 Hz, C = 2180 Hz, D = 2525 Hz, and E = 2862 Hz.
After an initial steady-state portion of 50 msec -at these respective values,
‘Fq- underwent the appropriate changes to reach the target value of 2525 Hz for
the following vewel: “stimuli A, B, and C rose for 100 msec,- D held steady
at the target value, and E fell for 100 msec.  For the remaining duration
 of the stimuli, Fj values were identical for all members of-a given array.
Meanwhile other: formant information was held constant across a given liquid .

Lhe arrow should be read as "yields."

O 104




"TTnuIls prInbry 3yj jo ,m,Emwmcuuumnm u,..QmEmguw ) muﬁ__m.n_m S
d i ,all—
(‘oasw) IWIL
/001/~/n03/ [wel/fuzy
, a,,ﬁ. 0 00l oS ; N | oSt %_, o5
1
[ | N
onjoa | ﬁ | | m,_f
Tiren | M _ﬁu |
98T = 1 = o
LTATAEN | m | |
08IZ = 3 13 | I
e /Uf-/13/ m
( = ¥ , , =
00g ool . gg %
N
RS
%—4yH




array. Fp began with a 50-msec steady-state portion at 513 Hz followed by
an abrupt 20-msec transition to its resting frequency for the following
vowel, while F9 began with a 50-msec steady-state segment at 1155 Hz and was
followed by a 100-msec transition to its resting frequency.

Subjects. The same sixteen students served in both exveriments.
They were between the ages of 16 and 26, were right-handed, native American
English speakers, and had no history of hearing trouble. Subjects were
tested in groups of four, with stimuli played on an Ampex AG500 tape re-
corder and sent through a listening station to Grason-Stadler earphones.

Experiment I -~ Liquid Identification

Tape. In order to evaluate the quality of the individual liquid. stimuli,
a binaural identification tape was prepared. There were 200 trials: (5 stim-
uli per array) x (4 arrays) x (10 observations per stimulus). The items oc-
curred in random order with a 1.5-sec interstimulus interval.

Procedure. Subjects were introduced to the stimuli by hearing the end-
points of each array (stimuli A and E). No one had difficulty in perceiving
them as /r/ and /1/. Then a forced-choice procedure was used. The binaural
identificatior, tape was played, and subjects wrote down an "r'" or an "1" to

indicate the first phoneme they heard on every presentation.

Results. Perception of the stimuli in each array was categorical as
shown in Figure 2. The two stimuli in each array with the lowest and fastest-
rising F3 (stimuli A and B) were perceived as beginning with./r/, while the
two stimuli at the other end of the continuum with the highest and nearly
steady-state F3 (stimuli D and E) were perceived as beginning with /1/. The,
middle stimulus (C) was ambiguous: about half the time it was perceived as
beginning with /r/ and half the time with /1/. There were no significant
~differences among the-subjects or~among the groups of subjécts. Most sub-
'jecte split their responses evenly for stimulus C. Three out of the four
" liquid arrays showed the basic eymmetry described above., However the /raem/-

/lzen/ array showed a elight asymmetry in favor of the /1/ end of the con-
tinuum. , : P S :

Dieeueeion; Many'epeech‘eounde are pereeived eetegorically. ‘That ie,
eeptlon. Inetead there ie a quantel ehenge in pereeption somewhere along
. the acouetlc contlnuum._ Acoustic cues that yield’ cetegericel perception for
- stop consonantg are the" dlrect1cn and extent of the* ‘second- farment t*anals
‘tion (Liberman, 1957) and voice onset tlme (Lieker -and- Abremeen, 1967).
Recently Pisoni (1971) “showed that vowels ¢an be percelved eatego*icelly if
‘the: duration of isolated vowels: is short. enough. The present experlment
showed thet liqulde can also be: pereelved eategerically ‘when the F3 transi-
tion is varied, thus supportlng the earlier work of O'Connor et al. (1957).
Categorical perception appears to be unique to- epeech eounde, Mett1ngly
‘et al. . (1971) demonstreted that’ when eyﬁthetle eyllebles composed of a: etop'
consonant and a vowel are broken down “into bleats (single second. formants) -

or chirpe (Fg treneitione) or are reversed, categorieel pereepticn dieeppears.-"'

Since orderly identification. functione for liquids were obtained in
Experiment ‘I, theee Stlmull are Sultable f0f pelrlng with epproprlete etop
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stimuli in order to study dichotie fusion. 1In particular, we are concerned
with the fusion properties of stimuli at each point along the F3 continuum.

Experiment II = Dichotic Fusion

Tape. An appropriate stop=initial stimulus was prepared for each liquid
array. For example, PAY was synthesized for the RAY and LAY stimuli. The
pulse code modulation system (Cooper and Mattingly, 1969) was used to digitize
esch stimulus, store it on a disc, and prepare dichocic tapes. Each stop was
paired with each member of the liquid array. The relative ‘onset time was
varied for each pair: the stop led by 50 mses, or the 1iquid led by 50 msee,
or both began at the same time. Alignment accuracy was *1/2 msec. There
were 120 pairs on the tape: (5 pairs per array) x (4 arrays) x (3 lead times)
¥ (2 channel arrangements).

Procedure. Subjects were told to report "what they heard" on every
trial, no matter whether they heard a 'real word," "nonsense word," one word
or two. .

Reeults, Fusion occurred readily for all stimulus sets. The F3 manip-
ulation had no effect on fusion rate: fusions occurred at a comparable rate
at each point along the liquid continuum.

Given the particular fusion level for a given stimulus set, when did
subjects perceive stop + /r/ clusters and when stop + /1/ clusters? One
might expect these results to parallel those obtained in the binaural identi-
fication test. For example, when PAY is paired with the most "/r/-like" of
its liquids (stimuli A and B), there ought to be a high proportion of PRAY
responses; and pairs with the ambiguous stimulus C ought to split more or

less evenly into PRAY'end PLAY. These predictions are summarized in Figure 3
efor each fusion set, Desplte the- reasonable nature of ‘these predictions, .. .. .
Figure 4 shows a very different pattern of results. Consider the PAY set.
'Most fusions were PLAY, independent of which stimulus was presented. Even

though liquid stimuli A and B were identified as RAY better than 95% of the

time on the binaural identification test, when thése stimuli were paired

with PAY in the d;ehotie taek 86/ of ell fueione were PLAY.

The data. frem all four etlmulus ‘sets were pooled and are summarlzed in
Figure 5. Perception of the llqu1de was -categorical: in the binaural identi-
fication test (Figure 5A). Nevertheleee,vwhen these stimuli were paired with
the epproprlate stoP—inltieL etimuli 88/ of .all. fu51ene were etep + /1/

»(Flgure SB)

Dlecueelon. Desp;te the fect that the F3 tren51tien ie eruelel for the

Aperceptlon of /t/ vs.” /l/, this’ parameter 'was ‘not responsible for the phoneme
“substitutions observed- in’‘the dichotic fusion ‘task. ‘We seem-to have a. per-
‘ceptuel elephant: * ‘the: /l/ -for=/xr/" substitution .is a- lerge, ‘robust phénom-

enon.- We tried to bring it- under control by varylng a‘highly ‘relevant acous-

, 't1c parameter-—-and failed. In more recent studies. we have attacked it with
“a’'whole arsenal -of- perametere.» we have varied ‘the relative fundamental fre-
- quency of the dichotic “inputs, their ‘relative intensities, the vocal tract

configurations of the stimuli, Fy transitions.of the liquids, and the duration
oﬁ the initlel eteady state. portion of the liqu1ds. 1" e result 1s analogous
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to shooting a perceptual elephant with acoustic beebees: there has been
virtually no change in the /1/-for-/r/ substitution rate.

The development of phoneme production in children shows some interesting
distinctions between /r/ and /1/. Most children acquire /1/ before /r/; the
average age for /1/ is about 4 years, while that for /r/ is about 5 years
(Powers, 1957). Mispronunciation data are of particular interest. One
study (Morley, 1957, p. 42a) showed that /r/ errors were almost forty times
more frequent than /1/ errors in children aged 3 years 9 months. Failure to
produce /r/ resulted in a /w/-substitution about 60% of the time, /1/-sub-
stitution about 20%, and /y/ about 15%. On those occasions when the children
failed to produce /1/, the target phoneme was replaced by /w/, not /r/. Ap-
parently these differential difficultissg with /r/ and /1/ are not readily
amenable to therapeutic techniques: speech therapists sometimes comment that
it is very difficult (if not impossible) to teach children to produce /r/
(Murray, 1962).

Production errors in adults are also revealing. Within a few days we
overheard the following errors: CRIPTIC was produced as CLIPTIC, PRESENT
as PLEASANT, and INCREASES as INCLEASES. Freud (1901) has discussed slips
of the tongue in terms of psychoanalytic notions. We suspect that such
errors as CLOWN PRINCE may have little to do with repressed hostility toward
authority and more to do with linguist concerns. (Recently, one of the
authors was discussing this example and said CLOWN PLINCE.)

Delayed auditory feedback (DAF) also yields distinctions between /r/
and /1/.  When subjects read word lists under DAF, they often reduplicate
/r/ but had little diff;culty with /1/ (Applegate, 1968).

Deaf people have selective dirficultv with /r/ (Rosen, 1962). Stop +
/r/ clusters are more difficult to perceive than steop + /1/ clusters., Mig~
perception of initial liquids yields an /1/-for-/r/ substitution rate which
is twice as frequent as the reverse substitution.

The number of distinect articulations of /r/ in Amerlcan English may be
greater than those of /1/. There may also be greater cross-linguistic vari-

‘ation dn /r/. It is commonly noted that second language learners have dif-

ficulty with /r/; for example, English speakers have trouble with the uvular
/r/ in French and .the trilled /x/ in Spanish.

‘Perhaps these very diverse observations can be unified in a single con-
cept: that of stability. In both perception and articulation /1/ is rel-
atively stable, while /r/ is relatively unstable. ' The dichotic fusion
experiment may be viewed as a situation of information overload. It is
interesting to note that it 1is the ‘less stable /r/ that suffers in th;s
demandlng situatién.
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The Activity of the Intrinsic Laryngeal Muscles in Voicing Control: An
Electromyographic Study#*

Hajime Hirose and Thomas Gay
Haskins laboratories, New Haven

INTRODUCTTON

Although a corsiderable number of laryngeal electromyographic (EMG)
studies on the mechanism of phonation have been conducted during the past
decade, EMG studies of the intrinsic laryngeal muscles during speech are
still in their preliminary stages. This is due, mainly, to the technical
difficulties in data acquisition using conventional needle electrodes dur-
ing complex and rapid movements of the articulators in speech gestures and,
also, in extracting subtle changes in muscle activity patterns from raw EMG
data. However, recent advances in EMG recording and processing techniques
have helped us overcome these technical problems. In particular, the use
of double~ended hooked-wire electrodes (Basmajian and Stecko, 1962) give
us a combination of electrode stability in the muscle with little discom-
fort to the subject. Also, the use of a digital computer system to obtain
an averaged EMG activity pattern for a number of tokens of a given speech
.utterance provides a convenient and accurate means for quantifying a pat-
tern of contraction of a given muscle or muscle group.

Most of the prev1oue studies in 1eryngeel physiology generally support
‘the -classical division of the intrinsic laryngeal muscles into three func-
tional groups: abdueter, adductor, and temsor. However, there still are
many unanswered: questions concerning the funetion of individual laryngeal
muscles in speech articulation.

In particular, the pert;elpetlon of the posterior cricoarytenoid muscle
(PCA) in speech has not been eyetemetlcelly studied, although the function
of the PCA as a respiratory muscle has been well documented (Pressman, 1942;
Suzuki and Kirchner, 1969). ' As far as PCA activity in phonation is eencezned
Faaborg-Andersen (1957) reported that EMG activity of the PCA decreased dur-
~ ing sustained phonation. Kotby and Haugen (1970), on the other hand, ob-
served ‘increasing activity in the PCA during phonation and poe:uleted that
the PCA ‘is not”eolely an abductor mUeeie. ‘Dedo (1970) also reported increas-
ing eet1V1ty in the PCA during phonation. in some of his clinical cases. How-
~ever, the data of these authors are concerned exclusively with sustained
vowel phonation, when fundamental frequency is not specified.

Thle 1s an. expanded vereion of a paper presented at the 1971 Convention
of the American Speech and Heering Association, Chleago I1linois,
November 1971 : '

-H= ' .
"Also Unlvereity_cf Connecticut Heeth Center, Farmingtcn;
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Hiroteo, Hirano, Toyozumi, and Shin (1967) examined laryngeal muscle
activity for some Japanese words containing an intervocalic fricative /s/
and stated that there was a temporary change in the electrical activity of
all the intrinsic laryngeal muscles (except for the cricothyrcid) corres-
ponding to voiceless consonant articulation. What they observed in their
data was an apparent increase in PCA activity accompanied by a decrease im
the activity of the adductors for articulation of the intervocalic /s/.
Hirano and Chala (1969) showed one example of a raw EMG record of the PCA,
illustrating increasing activity for release of glottal stops with reciprocal-
1y decreasing activity in the interarytenoid.

As far as the adductor laryngeal muscles are concerned, there has been,
again, no systematic deseription of their function in speech articulation,
although the possibility of functional differentiation of the adductor muscle
group was suggested by.one of the present authors in a previous report
(Hirese, 1971a). .

The primary purpose of the present study was to systematically investi-
gate the actions of the intrinsic laryngeal muscles in speech with special
reference to the articulation of segmental features of American English.
Particular attention was directed to the function of the PCA. An attempt
was also made to investigate the temporal aspects of consonant production by
studying the timing relationships between laryngeal and supralaryngeal mus-—
cle activity patternsz.

PROCEDURES
Subjects
The present experiment was performed on two adult male subjects, both
native speakers of American English; for one subject, two separate retest

recordings were made, thus giving a totsl of four sets of data. Table I
lists the muscles examined in each session for the exper:iment.

Preparation and Insertion of Electrodes

Hooked-wire electrodes, after the type developed by Basmajian and
Stecko (1962), were used in the present study. -Briefly, these electrodes
are produced by threading a pair of thin wires through the cannula of a hy-
podermic needle and bending the exposed ends of the wires back over the
needle to form a pair of hooks. The entire assembly is inserted into the
muscle, after which the neadle is withdrawn. This leaves only the hocked

“ends of the wires anchored into the muscle. Removal of the wires requires

only a 1light tug. In this experinent, a platlnum—lrldlum alloy (90%-10%)
wire (.002 inch diameter and polyester enamel coated) was used in conjunc-
tion with either a No. 26 or No. 27 gauge needle.

The PCA and hhe 1nteraryten91d (INT) muscles were reached perorally while
the vocalls (VOG), lateral crlcoarytenoid (LCA), and cr;;othyfgid (CT) muscles

lBy reason of - bcth past expexlance and the verlficatlcn techniques empscyed
we are confident that we' isolated the vocalis portion (vocalis muscle) of

the thyrcarytencld However, since the insertion was not viewed directly,

we cannot  be V1rtually certain that the electrode fleld did not 1nclude any
pgtentlals from the "external" thyraaryten01d
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TABLE I. Muscle insertions for both subjects.

Subject LL

posterior cricoarytenoid
interarytenoid

vocalis

cricothyroid

Subject LJR
Series A

posterior cricoarytenoid
vocalis
cricothyroid

Series B

posterior criceoarytenoid
lateral cricoarytenoid
obicularis oris
genioglossus

Series C

posterior cricoarytenoid
interarytenoid

were reached bercutaneously, after the procedure described by Hirano and Ohala
(1969). Pren dlcatlon consisted of the administration of 5-10 mg. Valium and
7~10 drops of 'incture of Belladonna by mouth. Subjects were seated in an

examining chair thrcughout the . ezpériment.

For the peroral inserticﬂs, an anesthesla procedure utlllzing Cetacaine
spray and a gargle of 2 ml. of 2% Xylocaine was sufficient to “2sensitize
the pharyngeal and laryngeal areas to a- point where indirect larynguscopy
could be easily tolerated. A Xylocalne—scaked cotton swab was then applied

to the specific areas selected for electrode ;nsertlon., The PCA and the INT

were reached by using an Lgshaped rod with the carrier needle. epoxy-bonded to
the shorter arm. The needle was threaded in the conventional manner. ~ The
entire assembly was directed to the point of insertion by indirect laryn-

‘EOscopy fi;rasa, Gay, and Strome, 19;1)

The percutaneous 1nsertloﬂs were preceded by tcpjcal adm;nlstratlcn cf

2% Xylccainé through a Pan Jet-70 air jet (Hirose, 1971b) at the site of the
needle insertions.  The alectrcde 1nserticn technlques for the VOC, LCA and
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CT are described in detail in previous reports (Hirose, Gay, and Strome,
1971; Gay, Hirose, Strome, and Sawashima, in press).

In all cases, correct electrode placement was verified by monitoring
an oscilloscore during various functional maneuvers. At the same time, the
muscle signals were amplified. and fed to a loudspeaker for auditory moni-
toring (Hirose, 1971b).

Data Recording and Processing

In order tc obtain a convenient quantitative record of muscle activity,
the raw EMG signal can be easily transformed into a display of amplitude
versus time by the process of full-wave rectification and RC smoothing (in-
tegration). Generally speaking, the envelope of the integrated curve is an
indication of the strength of the muscle contraction. This is only an ap-
the distance between the electrodes and the active motor units of the mus-
cle. Further, since the integrated curve represents the vector sum of a
number of asynchronously discharging motor unit potentials and since pro-
ductions of identical utterances vary from one token to the next, a number
of these curves must be averaged before a reasonably stable picture of mus-
cle activity at a given electrode position can be obtained.

The basic data-processing procedure followed in this experiment was to
coLlect EMG data for a number of tckens for each of the test utterances and,
using a digital computer, average the integrated EMG signals at each elec-
trode position.

A block diagram of the EMG recording and processing system used in the
present study is shown in Figure 1. The system contains fourteen data chan-
nels, of which eight are for the recording of EMG signals. The other inputs
are for the acoustic signal, air pressure data, a banter channel for the ex-
perimenter's comments, and finally, two channels for a clock track and digi-
tal code pulse. In addition; a calibration signal alternates with the EMG
signals iﬁtermittently throughout the run. This sigﬁal is used by the com-

The purpose of the digital code pulse (octal format) is to identify

i each utterance for the computer. This pulse code is laid down on the tape,
automatically, at one-second intervals. Before actual processing, the com-
puter receives instructions on how the various tokens of a given utterance
are to be superimposed or lined up with each other. This is done by mark-
ing the time interval between the nearest code pulse and any preselected
line-up point, which can vary for each utterance type. During the data-
processing run, all calculating and tabulating operations are done automa-
tically.  The averaged outputréurve is plctted'un'a'strip chazt recorder,

Timing measurements were obtained from a Honeywell visicorder optical
oscillograph, and fundamental frequency measurements were made from sound
spectrograms.
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Experimental Conditions

The subjects were required to read randomized lists of the stimulus
words sixteen times each, Stimulus words consisted. of disyllabic nonsense
words containing voiced and voiceless consonant pairs in both pre-~ and post~
stressed positions. Typical examples of test words are given in Table II.
For one subject, only /p/ vs. /b/ and /s/ v's. /z/ contrasts were examined,
while pairs of three stops and four fricatives were examined for the other
subject.

TABLE II. Test words used for both subjects.

.3 CAp
bAC s
eb A C

Ab e

[

PAP 2

hAp =

RESULTS

Voiced/Voiceless Contrast in Word-Medial Position

Averaged EMG curves for tl: voiced/voiceless contrast are shown in Fig-
ures 2-5. The curves in Figure 2 represent the averaged muscle activity le-
vels for the PCA, INV, and VOC during the production of /p/ and /b/ in medi-
al prestressed position (in /o pAp/ and in /o bA p/).

: It is qhite obvious thatrthe PCA shows markedractivity‘fcr'prcduction of
/p/, while it is suppressed by /b/ as well as for vowel production.

For /s pAp/, PCA activity starts to decrease approximately 250 msec be-
fore the onset of /5 /. The activity then begins to increase 100 msec prior
to stop "«lease, after which it immediately begins to decrease again with the
vowel production. It then shows another peak for final /p/, followed by a re-
latively higher level of activity, presumably for inspiration, after comple-

tion of the utterance.

~ For /a2 bAp/, on the other hand, PCA activity stays low throughout the
voiced period from the initial vowel to the stressed vowel, including inter-
vocalic /b/. " it should be noted, -however, that the EMG  curve ascends slight-
1y about 110 msec prior to the release of /b/, then descends again approxi=
mately at the time of the release, and finally rises steeply 40 msec before

/p/ closure.
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/ot D/
/APAD/ ——
hveor LL

Figure 2: Superimposed averaged EMG curves of the VOC, INT, and PCA of Sub-
ject LL for the utterances, /apAp/ and /abAp/. The line-up point
(O on the abscissa) indicates voice offset of the stressed vowel.

121

o Aze R




122

Figure 3

LL
| —/bApa/
g::—/bi\ba/

AVeraged EMG curves for /bApa/ and /bﬁba/ (Subject LL). The line
up point is the onset of the stressed vowel. '
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LL
. | ~ —/bAss/
Meop VOC ' -==/bDAZ3/

Figure 5: Averaged EMG curves for /bAss/ and /bazs/ (Subject LL).

o126 - | - 4z5




For beth consonants, the INT shows a sort of reciprocal pattern of ac-
tivity when compared to the PCA. INT activity begins to increase about 250
msec prior to initial vowel production. For /apAp/, activity reaches a
peak when the PCA reaches a valley and vice versa. For the articulation of
/=2 bAp/, the INT shows more or less continuous activity, although there is
some decrease in activity for intervocalic /b/ w’ en compared to the preced-
ing vowel segment. ’

The VOC shows two peaks, each of which appears to correspond to vowel
production, with a higher peak for the stressed vowel. This higher peak
for the stressed vowel is consistent across all samples regardless of whe-
ther the stressed vowel is preceded or followed by the unstressed vowel.
Between the two peaks, activity stays low for the intervocalic consonantal
segment, regardless of voicing distinction.

Figure 3 shows the medial /p/ vs. /b/ contrast in poststressed posi-
tion for the same subject. For this condition, each muscle shows esgential-
ly the same features as observed in the previous example, that is, the PCA
shows increasing activity for the voiceless segment, while INT activity is
higher for the voiced segment. The VOC again shows two peaks with the high~
er one accompanying the stressed vowel.

When we compare the peak EMG values of the PCA for medial /p/ produc-
tion in two different phonetic conditions (as shown in Figures 2 and 3) ac-
tivity is higher for prestressed /p/ than poststressed /p/. This is con-
sistent with the findings for another subject in whick a comparison was made
for three voiceless stops in pre- and poststressed conditions. Here, too,
peak PCA activity for the medial voiceless stop production was always higher
for the prestressed condition than the poststressed. Further, the duration
of PCA activation for voiceless stop production was also found to be longer
for prestressed than poststressed conditions.

The data in Figures 2 and 3 also provide some information on the timing
relationships between laryngeal and oral articulatory gestures.

In order to compare the timirg relationship between the glottal gesture
and oral. stop closure, three different points on the averaged PCA curve were
measured with reference to implosion and release of the stop closure of medi~
al /p/. These points were (1) the point where PCA activity begins to in-
crease for stop production: Py; (2) the point where the activity reached
its peak: Py; and (3) the point where the activity decreased to its mini-
mum for the production of the postconsonantal vowel: P3.

Table ITT shows these time intervals for both the pre- and poststressed
conditions. It is shown for both subjects that the time intervals thus spe-
cified are always larger for poststressed stops than for prestressed stops.
It is worth noting, in particular, that P4 always occurred: earlier than, or
synchronously with, stop release for poststressed stops, wihile it never did
so for prestressed stops. In other words, stop closure is released after
complete suppression of PCA activity in the case of poststressecd stops, while
for prestressed stops, stop release occurs before the completion of PCA sup-

Figure 4 compares tlie activities of the same three muscles for the pre—
stressed /s/ vs. /z/ contrast in the pair /o sAp/ vs. /o zAp/. Here, the
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TABLE III. Time intervals for PCA activity in relation to stop closure
and release in mgec. A negative value indicates stop release
preceding complete FCA suppression.

Interval Between

P_. and P, and P3 and
Stop Closure Stop Release Stop Release

Subject 1
/o) prest tressed 110 110 . =55
P poststressed = 135 165 40
Subject 2
In/ prestressed , 110 60 -90
P poststressed 150 130 10
/o prestressed 70 45 =140
P poststressed 160 ' 95 0
/o prestressed 85 40 -165
P poststressed 155 140 30

PCA again shcws a large peak for the VOiceless conscnant, while it is sup-
pressed for the voiced segments. The activity of the INT is, in this case
too, -higher for the voiced consonant /z/ than for voiceless /s/, but the
difference is less marked when compared to that- for /b/ and /p/. This is
probably because its activity is cnn51derably lower for the consonantal
‘segment of /z/ in comparison to its neighboring vowel segments. This ten-
dency of INT activity to ‘be lower for a voiced fricative than for:a vowel
is also observed in- Figure ‘5, where the poststressed /s/ vs. /z/ contrast
is shown for the pair /base / ve. /bAza /. It should be further noted
in this figure that the PCA shows increasing activity for the segment. of

- /z/ compared to the neighboring vowel segments, the time course of ‘which

appears tc ccrrespond to-a dip in INT activity. . :

: Figures 6 and 7 summarlze PCA and VOC activ;ty for the. intervacalic
v01ced/voiceless contrast for - Subject LJR. . The data points in the middle
‘of each figure indicate the mean of peak EMG values for seven different -
pairs of voiced and voiceless consonants, while the vertical bar- repressntS'
 the entire range of sample variatian.{ The circles at either end indicate’

the mean EMG activity at: 100 msec prior to and. after the. peak: for each con= .

sonant. In Figure 6, it is ‘elearly shown that PCA activity is definitely
higher for the prcducticn of- a vciceless ccnsanant than for-a vciced consg—
nant. :
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In the case of the VOC, however, there is neo apparent difference in the
pattern of activity with respect to the voiced/voiceless contrast. In Fig-
ure 7, the end data points indicate the mean of peak EMG values for the vow-
el segments, while the circles in the middle represent the mean of the mini-
mum values between the two peaks. It is shown that VOC activity is sup-
pressed Huring the period of consonant production between the two peaks for
the vowel segments regardless of the difference in voicing distinction. As
far as the peak height for vowel production is concerned, it appears to be
higher for a stressed vowel than for an unstressed vowel.

In addition, we have also observed that the pattern of LCA activity ap-
pears to be similar to that of the VOC, showing increasing activity only for
vowel segments, with a higher peak for the stressed vowel. Its activity de-
creases for the intervocalic consonantal segment regardless of voiced/voice-
less distinction.

Figure 8 shows the averaged activity of the CT for the pairs /o kAp/
vs. /ogAp/ and /bAke/ vs. /bAga/, for Subject LJR. The general pat-
tern of muscle activity is similar for each pair; one large peak is always
observed, apparently corresponding to the position of stress in the test
word (i.e., where the Fp contour reaches its peak). There are no discern-
ible differences in the averaged EMG curves with respect to the voiced/
voiceless distinction.

Voiced/Voiceless Contrast in Word-Finmal Position

Figures 9 and 10 show the EMG curves of the PCA and the INT for the
/p/ vs. /b/ contrast in the final, poststressed, and postunstressed posi-
tions. It is apparent in these figures that the PCA shows high activity
for the voiceless consonant, during which time INT activity is suppressed.
fonversely, PCA activity is continuously suppressed when the interconso-
nantal vowel is followed by final /b/, at which time the INT shows higher
activity. In addition to the final rise, there is also a slight ascent in
PCA curves in both these examples, apparently associated with initiation
of the stressed vowel.

In Figure 11, PCA activity for Subject LJR is schematically shown dur-
ing the time period including the final consonantal segment. As before,
averaged EMG values are compared here for voiced and voiceless pairs at
' three time moments: at the line-up point (time 0) and 100 msec and 200
msec after the line-up, as given on the abscissa. The values in the fig~
ures again respresent mean EMG values for.seven different kinds of conso-~
nants. Both graphs clearly show that PCA activity is higher for the fi-
nal voiceless consonantis.

VOC activity is likewise compared in Figure 12, where averaged EMG
values were taken at the time when the EMG curve reaches its second peak?
and 100 msec and 200 msec thereafter. Both graphs show that VOC activity
is higher for the final voiced consonants than for the voiceless conson-

2 The VOC and the LCA show two peaks in the EMG curves for these test words,
each of which appears to correspond to vowel -production. The second peak
thus specifies the EMG peak for the vowel preceding the final consonant.
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Figure 8: Superimposed averaged EMG values of _CTracéivit»y for the pairs
/2kAp/ vs. /egAp/ and /bAke/ vs. -/bAge/ (Subject LIR).

Rlc - Ax




Hop INT —-~==/abAb/

+300

W50 PCA

100

400 8 b O A p +300

- Figure 9: Superimpased averaged EMG curves of INT and PCA activity for the

utterances /ebAp/ and /abAb/ (Subject LL) The line-up point is
the onset of the- stressed vowel. ‘
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nset cf Stressed Vowel

- —- Vﬂr

Figure 11: Gomparisgnfgf PCA activity for final voiced and voiceless
consonant production (Subject LIR). "0" on the abscissa
indicates the line-up point. '
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ants. This same tendency was observed for LCA activity, which also ap-
peared to be higher for the voiced pairs.

It has often been observed that English vowels are of greater dura-
tion before voiced than before voiceless consonants. Thus, there is a
pessibility that the higher VOC or LCA activity for the final voiced con~
sonant is an effect of the preceding vowel segment. In other words, the
higher VOC or LCA activity levels might be associated with greater vowel
duration rather than with any distinctive consonant feature.

In order to examine this possibility, the activity of other articu-
latory muscles (the genioglossus and the orbicularis oris) were later re~
corded simultaneously with LCA and PCA activity. The genioglossus (GG)
is one of the extrinsic lingual muscles responsible for /1 / production,
while the orbicularis oris (00) is important for 1lip closure. Data for
all four muscles are shown in Figure 13. It is clearly shown in this fig-
ure that the duration of the vowel /1/ preceding the final consonant is
greater for b pIb/ than for /epIp/ and that GG activity stays higher for
the former than for the latter. The 00 shows two peaks for the medial and
the final bilabial stops and the interval between the two peaks indicates
the duration of /I/, which is longer for /spib/. These findings suggest
that the duration of muscle activity for /1/ is longer for /epIb/ than for
/epIp/. If we attempt to slide the EMG curve of the LCA for /epIb/ to the
left on the abscissa in order to synchronize the end of the vowel /T/ with
that of /epIp/, the descending portions of the two LCA curves will be al-

- most superimposed together. Thusg, it seems reasonable to consider that the
apparently higher LCA activity near the end of the test words for /op1b/ in
Figure 13 corresponds to the vowel /T/ preceding the final /b/. However,
PCA activity stays higher for /epip/ and is suppressed for /seprb/ near the
end of the test words even when the sliding of the EMG curves is attempted
as above. Therefore, it can still be concluded that PCA activity is higher
for a voiceless consonant than for a voiced consonant, even in final posi-

tion.

Voiced/Yoiceleg§lggn;rastﬂin Word-Initial Position

Comparisons of EMG activity levels for a voiced/voiceless consonant
pair in initial position were made only for the palr /pApe/ vs. /bapa/, the
results of which are shawn in Figure 14.

For /pApea/, PCA activity stays higher before lip closure and then de-
creases steeply approximately 110 msec before the omset of /A/. An increase
then follows for the medial /p/. INT activity shows a steep rise when the
PCA shows the steep fall. The same tendency is seen in VOC activity, which
also shows a steep rise but which starts somewhat later than the INT,

DISCUSSION

Functional Characteristics of the Individual La:yngeal Muscles in Articula-
tory Adjustments

: The posterior cr;gparytanald (PCA). It was revealed in the present stu-

dy that the PCA actively participates in laryngeal articulatory adjustments,
- particularly for the voiced/voiceless distinction. There is a consistent
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increase in PCA activity for voiceless consonant production regardless of
phoneme enviromment. For all utterance types PCA activity shows a tran-
sient increase before the onset of phonation, presumably for prephonatory
inspiration. 1Its activity then starts to decrease for initial vowel pro-=
duction, unless a voiceless consonant is placed in the absolute initial
position of the test utterance. If a voiceless consonant is in initial
position, PCA activity stays at about the level of the initial prephona-
tory rise or even higher (Ref. Figure 14: /pApa/). For the production
of a voiceless consonant in the medial or final position, the PCA always
shows a marked increase in activity before the onset of consonant closure.
As far as the voiced/voiceless distinetion in final position is concerned,
PCA activity appears to be significantly higher for a voiceless cognate,
even if differences in the duration of the preceding vowel are taken into
consideration as another possible cause of prolonged PCA suppression.

It should also be mentioned that the PCA does not show only a simple
all-or-none pattern of activity but rather shows a pattern of fine adjust-
ment. As seen in Figure 5, the PCA shows partial activation for the pro-
duction of the poststressed voiced fricative /z/, which seems to indicate
a less complete glottal closure. In a transillumination study of the lar-
ynx, Lisker, Abramson, Cooper, and Schvey (1969) found that a high percen-
tage of voiced fricatives were produced with at least a partially open glot-
tis. Incomplete closure of the glottis during voiced fricative production
can be obtained either by partial activation of the PCA or slight suppres-
sion of the adductors, particularly the INT. In the case of the poststressed
/z/ mentioned above, both factors dppear to work together, while in the case
of the prestressed /z/ (as in Figure 4), suppression of INT activity is more
- manifest.

Another interesting finding is the small PCA peak just before the onset
of an initial or medial stressed vowel (Figures 2, 4, 9, and 10). Interpre-
tatlen of this iransient PCA activity is not perfeetly eleer as yet, but it

is conceivable that the PCA acts to counterbalance the strong contraction of
- the adductors at the onset of the stressed vowel. In a study of the EMG ac-
tivity of the laryngeal muscles in phonation (Gay, Hirose, Strome, and Sawa-
shima, in press), we observed that PCA activity is generally suppressed for
sustained phonation, except for an increase at the highest range in chest
register. The increasing PCA activity in that extreme condition may reflect
the counterbalancing function of the abductor for the strong contraction of
the adductors, as suggested in the literature (Pressman, 1942; -Suzuki and
Kirchner, 1969). Another possibility is that functionally different motor
units are participating in the execution of muscle contractions during dif-
ferent types of phonation, since there is ev;dence, at least in animal ex-~
- periments, that the PCA contains eeverel kinds of motot units (Sueuk; ‘and

Kirchner, 1969) :

Altheugh the functien of the PCA, perticularly during. suste;ned phona-
tion, should be a subject for further investigation, the role of the PCA as
a pure adductor in speeeh ertieuletlon is well demenetrated in the preeent

study.

The 1ntereryten01d (INT)  The. present data 1nd1eete that there is ap—
parent ‘reciprocal’ eetiv1ty between the PCA and the INT. 'In this sense, the
INT can be considered to be.a pure- edductor of the veeal £eldegt,
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In general, there is an apparent difference in the degree of INT ac-
tivity for vowel segments depending on the preceding consonant. More spe-
cifically, INT activity for the production of a postconsonantal vowel ap=
pears to be higher after a voiceless consonant than after a voiced conso-
nant (Figures 2, 3, and 5). Since EMG activity represents the muscle ac-
tivity necessary for obtaining effective force and/or displacement, the
degree of the activity of a given muscle can also be higher if, for exam-
ple, the displacement is greater. Since glottal width is larger during
the articulation of a voiceless consonant than for a voiced consonant (Sa-

washima, 1968; Sawashima, Abramson, Cooper, and Lisker, 1970), it is rea-

sonable to assume that the activity of the INT, which is responsible for
adducting the vocal folds, should be greater after a voiceless consonant.

As seen in Figure 4, INT activity is apparently lower for voiced con-
sonants, namely fricatives, than for vowels. This would also indicate that
glottal closure is likewise less tight for voiced consonants than for vow-
els.

The vocalis (VOC) and the lateral cricoarytenoid (LCA) The VOC and
the LCA are considered to have complex functions in larynmgeal articulatory
adjustments. Both muscles appear to be activated for the vowel segment of
the test words but rather suppressed for the consonantal segment, regard=-

1ess of the voiced/voicelass dlst;nctlon. It is c0nce1vable, therefore,

voiced cbstruents can be achieved without increa51ng che acthltY of 31ther
the VOC or the LCA. Or, one can also argue that glottal closure during
voiced obstruent production is less tight because of the absence of increased
VOC and LCA activity. In any case, the function of the VOC and LCA as ad-
ductors seems different from that of the INT.

For the articulation of the vowel segment, both the VOC and LCA show
higher activity for a stressed vowel than for an unstressed vowel, regard-
less of whether the stressed vowel is preceded or followed by the unstressed.
This finding suggests that these two muscles participate in the control of
the suprasegmental features as well, nossibly in pitch raising. It has been
reported that the VOC and the LCA part1c1pate in the mechanism of pitch rise
(Hirano, Vemnard, and Ohala, 1970), particularly when the activity of these
two muscles increases simultaneously with the cricothyroid. In this sense,
the VOC and the LCA can also be considered to function as tenscrs of the lar-
ynx, although in the case of singing, these two muscles do not seem to be -
contrlbutlng equally to pitch regulation (Gay, Hirose, Strome,‘and Sawashima,
qn- presg) . . . L L . S :

-~ In an EMG study of vowel devoic1ng in Japanese, H1rose (1971&) postulaa
ted the possibility of functional differentiation between the VOC.and the
"~ LCA.  The present study, however, does not seem to substantlate this differ-
-entiation but rather shows fairly similar- patterns of EMG act1v1ty for these”"
‘two muscles, at. 1east for thase uttgrance types axamined.r : -
, , 1 : , _ . .
: The cricothry01d (CT). The CTjshows a temporary ;narease in activity

for a stressed vowel but doesnot seem to participate in the. vaiced/v01caless
'"distlnctlon. ThlS was .not- unexpacted ‘as the CT is.universally. considered:
~as a prime pitch raiser (Arnold, lSEL Garding, Fu;;murg and H1rose,,l§70’
;Slmada -and Hirose,_l??l) ' SR L -
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Coordination and Timing of Muscle Activities

It is conceivable in the living human that most of the articulatory
muscles are activated in a well-coordinated fashion during normal speech
production. More specifically, some muscles behave in reciprocal fashion,

while others are synergetic, depending on the particular articulatory con-
dition.

As far as segmental features of the present test words are concerned,
the PCA and the INT show consistent reciprocity in both the level of EMG
activity and the timing of activation.

It is also worthy to note that timing relationships between laryngeal
muscle activity and supraglottal articulatory events vary, depending on
phoneme enviromment (Table III). It has also been reported that in the case
of unaspirated voiceless stops, the arytenoids resume a closed position just
after oral release, while for aspirated stops, arytenoid closure is comple-~
ted well after oral release (Lisker, Sawashima, Abramson, and Cooper, 1970;
Sawashima, 1970). This is coherent with the present EMG data where sup-
pression of PCA activity is not yet complete at the moment of oral release
in the case of prestressed voiceless stop production (suggesting that the
glottis remains at least partially open at that moment), while in post-
stressed stops, PCA suppression is complete before cral release.

The timing relationships found here are also relevant to mecre general
questions concerning the nature of timing control in speech articulation,
i.e., are the observable differences in voice onset times the consequence
of other physical and physiological features such as subglottal pressure,
glottal aperture, etc. (Chomsky and Halle, 1968; Kim, 1970) or a separate
independent physiological mechanism (Abramson and Lisker, 1970; Lisker and
Abramson, 1971)? :

If timing differences are responses of the system to forces other than
direct muscular control, we would expect that the timing of muscle activity
patterns would be the same across various contrasts. 'In other words, the
gestures would be organized in the same way but differentially modified ac-
cording to prevailing glottal conditions.

. Our data, though, do not support this concept but rather show differ-
ences in the relative timing of muscle activity patterns and, thus, active
muscular control of glottal configuration. In other words, our data would

‘suggest the ubiquity of an independent timing control mechanism. At the

same time, however, there is the possibility that other laryngeal features
are, themselves, independently.con;rclléd-' S Co L :

. The ‘degree of overall activity of the PCArappears'ﬁp‘be highérlfor”pre=

~stressed than for poststressed voiceless stopsi'rThis,finding“ag;ees with
‘both:£ibercptici(5aw33hima,>Ab:amssn;;qupér,iand Lisker, .1970) .and trans=

- illumination data - (Lisker, Abramson, Cooper, and Schvey, 1969), which indi- "

cate. that the-degree of glottal opening is greater for the prestressed

Based on thefécéﬁStiggiféndtméchaﬁicélfasﬁe2ts of vocal. cord:vibration,

Halle and Stevens (1971) proposed a scheme of laryngeal features to classify-

Icértéin-obStruents;jglides;.anduvowels;f;They,postﬁlgtedgthét there are two
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independently controlled parameters: the stiffness of the vocal cords
(adjusted by the thyroarytenoid and the cricothyroid) and statis glottal
opening. These two parameters yield four features: spread glottis, con-
stricted glottis, stiff vocal cords, and slack vocal cords. In addition,
nine distinct phonetic categories can result from combinations of these

four features.

Although an EMG model might not be the only analog of such a feature
system, muscle contraction properties are certainly important correlates.
Assuming, then, a relationship between "stiffness" and muscle activity, our
present data do not support their system with regpect to certain points.
For example, Halle and Stevens postulated the [+ stiff] feature for both
the voiceless unaspirated stop [p] and the voiceless aspirated stop [ph].
However, the present data show that the CT, VOC, and LCA are suppressed
for the production of these consonants. Thus, there is no EMG evidence,
in the form of increased CT, VOC, or LCA activity, to support the concept
of [+ stiff] vocal cords for the production of voiceless obstruents. Fur-
ther, the proposed feature of [~ spread] glottis for the voiceless unaspi-
rated stop [p] 1s not supported by the present data either, since this con-
sonant is associated with high PCA activity and suppressed INT activity for
an open glottis.

Although the ?resent data are quite straightforward, it is obvious that
more extensive experiments, including a combined EMG-fiberoptic approach are
needed to provide further information on the relationships among muscle ac-—

‘tivity, glottal configuration, and distinctive features.
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, . , *
Velopharyngeal Function in Oral/Nasal Articulation and Voicing Gestures

- . F . . PR,
Fredericka B, Berti and Hajime leoee++
Haskins Laboratories, New Haven

The aim of the electromyographic study reported here is to describe
oral and nasal articulatory gestures and patterns of velopharyngeal activity
which accompany voicing distinctions among stop consonants.

Nonsense disyllables were designed to place maximum stress on the me-
chanisms of oral and nasal articulation, that is, to have strongly oral
consonants preceded by nasals and nasal consonants preceded by strongly
oral consonants, with both conditions observed in varying vowel environments.
In addition, voicing contrasts were included. Figure 1 presents the format
of the stimuli (e.g., /fimkip/, /futmup/, /fegbep/) ’

METHODS

Peroral insertions of bipolar, hooked-wire electrodes were made into
.the dimple of the levator palatini, the superior constrictor at the esti-
mated level of velopharyngeal closure, the middle constrictor at the level
oif the epiglottis, the palatopharyngeus (which is considered to be the
muscular component of the posterior faucal pillar), and the palatoglossus
(which is the muscular component of the anterior faucal pillar). Per-
cutaneous insertions were made into the sternohyoid at the level of the
thyroid lamina and the orbicularis oris upper at the vermilllon border
(Hirose, 1971).

The EMG potentials, along with the audio signal and automatic timing
markers, were recorded onto megnetic tape. The potentials were rectified,
integrated, and computer averaged, using the data-processing system desecribed
by Port (1971). Ten to sixteen tokens of each utterance type were averaged
for each subject. The line~up point selected for averaging was the termin-

ation of /m/ or /n/ when it occurs as Cy and the initiation of /m/ when it
occurs as Cy.  This point is labeled "O" on the abscissa; voice onset of Vi
and offset of V2 are indicated by arrows in the figures.

RESULTS

The Drellﬂeeel Distincﬁicn«

, The eame generei pettern of aet1v1ty is found in the 1eveter pelatlnl,
euperior end middle constrietere, and the pelatopharyngeue for oral .

*
Paper presented at the l971.Cenventicn,ef the Amerlcan Speech and Heering

Aseocietien, Ch;eago Illlnois November 1971.
Aleo The Greduete Center, The City Univeraity of New Zork
Also Feculty of Mediclne Unlverelty of Tekye.-
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articulation. We will use the palatopharyngeus as a representative of this
group of muscles in the succeeding discussion.

Inspection of the averaged EMG curves for the palatopharyngeus reveals
peaks of activity which correspond to stop consonant production (Figure 2).
The peak is more distinct when the stop immediately follows a nasal conson-
ant, as in the utterance /famdap/, than when it precedes a nasal consonant,
as in the utterance /fadmap/. That is, greater EMG activity is recorded
when a strong oral gesture follows a nasal one (/famdap/), than when a strong
oral gesture follows the gesture of another oral phone (/fadmap/).

A decrease in activity may be seen accompanying nasal gestures. The
lowest point for /famdap/ occurs at about -175 msec, or well before the
zero point that indicates the end of the acoustic signal of the nasal con-
sonant. The equivalent depression in /fadmap/ is found near zero, which
is the beginning of the acoustic signal of the nasal consonant.

Electromyographic activity peaks are similarly found for oral gestures
in the levator palatini (Figure 3), superior constrictor (Figure 4), and
middle constrictor (Figure 5), while nasal gestures are accompanied by
reductions in the electromyographic signals recorded from these muscles.
This description of the oral gesture is in general agreement with that of
Fritzell (1969), who found similar patterns for the levator palatini and
suparior constrietor. Fritzell, however, described the nasal gesture
differently: he found reductions in levator palatini and superior con-
strictor activity, as we have, but he also described increased palatoglossus
activity for the nasal gesture. Our data, on the other hand, indicate that
the palatoglossus does not participate in the nasal gesture but rather is
active for tongue-backing and tongue-raising maneuvers.

Examination of the averaged curves of Figure 6 reveals peaks for each
/u/ produced in the two utterance types displayed, /fumkup/ and /fukmup/.
There is a separate peak for /k/ in /fumkup/. This middle peak is not as-
sociated with the nasal gesture, a point which is made clear by inspection
of the curve for /fukmup/. Here we see that the palatoglossus activity
which occurs for /u/ continues to increase into /k/, and that the activity
then drops off abruptly at the time of nasal articulation, only to begin
rising again 100 msec later, for the production of the second /u/. In addi=-
tion, and contrary to the findings of Fritzell, little or no palatoglossus
activity has been found for the production of M/ for either of the two
subjects for whom data are available. = T .
-~ - .-There are several conclusions to be drawn- from' the data presented.

Firét,ftheflevatcr}palatinig‘supéfipf"conStrigtqr; middle constrictor,

g andnpalatq?héryggéﬁS;afe[all1acti€e"f6r oral gestures and- snow. decreased
“detivity for the production of’ nasal consonants. - Palatoglossus-activity-
':,appearsito'begﬁb:fglaté&'with7bath‘;ongugAbagkiggjaﬁa.tbﬁguéﬂréiéing;,With'
~ no evidence of activity for nasal or oral gestures. This latter conclusion

‘;'diffefoErgm‘theléohélﬁéidn:Df”F:itgélig;andralga‘cf‘Lubke;;'Fritzell;,and'

* Lindqvist (1970) that nasalization is accomplished by active lowering of

;he'soft,palate'byAthefpalétéglbssgsimnscle;5:Ra;her;‘iﬁ;éppea:s,fr@m‘cur i
"7data‘ﬁhatfthefnasgllggstﬁfe-iSfa"pa&siveTOngg“with ﬁalata;.10Wériﬁg”re§u;te'
. ing frcm;a'éémbinatiqgquireduced.;aptrﬁcticnjof]tﬁe]levatér‘paIatini and,
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to some degree, the muscles of the lateral and posterior pharyngeal walls
(and also, presumably, the force of gravity acting upon the palate).

The Voicing Distinction

The stop consonant phones are distinguished on the basis of whether or
not glottal pulsing occurs during the period of upper vocal tract occlusion.
The continuation of glottal pulsing during occlusion of the upper vocal
tract requires the maintenance of a transglottal pressure differential. One
means of accomplishing this is increasing pharyngeal cavity volume, creat-
ing a pressure differential which is sufficient to allow continued glottal

pulsing. All of the muscles associated with velopharyngeal closure effect
pharyngeal cavity size.

There are two possible modes of pharyngeal enlargement. One mode is
passive, that is, decreased activity of the pharyngeal wall muscles will re-
sult in pharyngeal cavity enlargement for voiced stops. The other mode is
an active one, with greater muscle eetiv1ty accompanying pharyngeal cavity
enlargement for voiced stops.

Perkell (1969) =nd Chomsky and Halle (1968) postulate that pharyngeal
wall tension is lower for voiced than for voiceless stop consonants, and
th=refore, that one essential quality of "voiced" stops is that they are
"lax." Perkell's data on pharynx width are cited as supporting this dis-
tinction. Kent and Moll (1969) argue that a more plausible hypothesis is

"that pharyngeal cavity enlargement is the result of an active mechanism.
Their data revealed a depression of the hyoid bone accompaniad by a depres-
sion of the larynx for veleed etop coneonante, eauelng "active" pheryngeal
enlargement.

: In addition to this active enlergement of the pharynx by hyoid bone and
larynx depression, it is theoretically possible to increase pharyngeal
volume by increasing velar height fer voiced stope as cempated with that
achieved for veleeless etepe.

Inepectlng Perkell'e e1neradiograpnic date fer the measurements rele*ed
to these points (Flgure 7), we observe that in each case the difference be~
tween voiced and voiceless stops eupporte the hypetheeie ef greater pherynx

;elze fer the voiced etop. : . : o

Both upper and lower pharynx wldth (Perkell s D and E) -are greeter for
~ voiced than for voiceless stops. Velum height (Ferkell'e P) is only slightly"
‘affected, but the differenee nevertheless supporte'the notion that pharyngeal
“cavity. helght ‘may be .increased eren;elly.' Larynx height. (Perkell's I) and
- hyoid height -(Perkell's-H) are-both greater f£or /t/ than" for /d/, that is,
the larynx and ‘the hyoid are. depreseed for-the voiced stop eeneenent produe—
' tlen. Theee ergumente leed direetly to our hypotheeee.;,,'~ Lo

- The flret hypotheele proposes that thefe ie eetive enletgement of the','h
"pharyngeal ‘cavity for. voiced. stop’. eoneenent p:oduetiﬂn.» The mueelee of thle"
study-which will have: thie ‘effect are’ the ‘levator pelatinl and ‘the eternehyeid
* The ‘levator - pelatlni is. hypetheeized ‘to’ increase velum height for voiced
fstope, Whlle the eternohy01d eheuld eet te deprees the hyeid bene and the
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larynx. For these muscles, EMG levels for the voiced stop consonants should
be greater than those for the voiceless stops (Figure 8).

The second hypothesis proposes that there is passive enlargement of the
pharyngeal cavity for voiced stops. The muscles which might have this effect
are the superior and middle constrictors, the palatopharyngeus, and the
palatoglossus. Relaxation of these muscles should cause retraction of the
lateral and posterior pharyngeal walls. If this hypothesis is pertinent,

EMG levels for the voiced stop consonants should be lower than those for
the voiceless stops (Figure 8).

Inspection of EMG levels for each of the muscles in this study, save
the orbicularis oris, at the time of peak leavator palatini activity asso-
ciated with stop production was performed for all minimal stimulus pairs
for each subject (for instance, /fambap/ and /fampap/). There is a total
of seventy-four possible minimal comparisons, across three subjects, for
each muscle studied. When the difference in potential for a given contrast
supported the hypothesis a value of "1" was assigned to that muscle for that
utterance pair. When there was no difference, a value of "1/2" was assigned.
When the difference failed to support the hypothesis, a value of "0" was
‘assigned. R ' ' '

All of the supporting instances for the active hypothesis were pooled;
the cases cf levator palatini and sternohyoid activity which support the
active hypothesis were added and then divided by total comparisons for the
active hy.othesis for that subject. The same analysis was performed for
the muscles involved in the passive hypothesis. '

The results of this analysis indicate three patterns. of EMG activity
accompanying production of voiced, as compared with voiceless, stop conson-
ants (Figure 9). A speaker who uses relatively little active enlargement
(Subject LJR: 52% p> .05) uses a considerable amount of passive enlargement
(81Z p<.01). A speaker who uses a great deal of éctive_pharyngeal'enlargg= -
ment}(Subjeé&}FBE:}?ﬁZipﬁé,ng)EusEsjrelétively‘1ittlgﬂpas$iﬁé-éﬁ;atgéﬁént ,
(50% p'> .10). AZS§éaEer,thééfuée:éfrgctiVe;éhlargéméntrfallélmidwayfbétween
the more extreme cases (Subject KSH: 65% p &'.05) also makes use of a "mid- -
dling" amount of passive enlargement (73% p'< .01). Overall hypothesis
support was 727 (p < '.01) for LJR and. 67% (p<.01) each for KSH and FBB. -

- It -appears from these data:that:an adequate description of pharyngeal
cavity enlargement for voiced étéﬁ;gdnSéﬁaﬁtSji;?ﬁeithErﬂexclﬁsivaly'aétivér'
, nét5exé1ﬁsivé1yiﬁésgivéﬁi EééhfspééEérjﬁsééfbbf'Lmq&esg,thoﬁghfscmé:prefer'
~one to the other. It is also apparent that ‘the ‘description "tense-niontense" -
-is~inadequate.fnrrdéSGEibingfthefaéﬁiﬁitiESfbfLﬁhéfﬁhétyﬁgeél,gaﬁity con-
comitant WithquiﬁingfdiStinctiéné;?éS*sutha"ﬁésctiption‘atfbéSEEEKplaihET
"thé_léthTquf,iéﬁféf;édﬁéfé?eakers'“pharyngea;°enlérgéﬁégtS’aﬂd¥never ex—
plains the fﬁllrﬁéaSﬁié°ﬂfl¢nlargéh to T g

5ffiff1tiiSfﬁéfQEﬁcﬁﬁgatfthéuéréééni}ﬁiﬁé}ﬁhéﬁﬁéﬁ;ﬁhéée'difféfgntﬂﬁpges are
felétéd?té]aﬁatoﬁiggl;diffeggnces;émdng*spbjegts;fﬁgalgggal,diffe:ences,_or
'laarngd‘pattéfns1Easad-dﬁ76ther[a:ticulétqrj’balances; R :

: ln=summary5;thevmus¢ies of1th¢?vélppharyﬁiiparﬁigiﬁate:in”éfgl,andfgasal
'1articﬁlatiah'andﬁinﬂadjustmgntsfaf phgfyngéa;};gyitjfgizegkthalfgesturgsfare ,
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accompanied by peaks of EMG activity in the levator palatini, superior and
middle constrictors, and palatopharyngeus. Nasal gestures are accompanied

by decreased activity in the aforementioned muscles, with no evidence of

an active palate-lowering muscle. Palatoglossus activity peaks for tongue-
backing and -raising gestures. Pharyngeal cavity enlargement may be effected
by varying combinations of increased levator palatini and sternohyoid activity
and decreased pharyngeal constrictor and faucal pillar activity.
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Laryngeal Adjustments for Vowel Devoicing in Japanese: An Electromyographic
Study

Hajime Hirose®
Haskins Laboratories, New Haven

It is well known that high vowels between voiceless consonants are

often devoiced in many dialects of Japanese including Tokyo dialects

(Bloch, 1950; Han, 1962). Previous studies with a fiberscope revealed that
; the glottis remained open for the devoiced vowel segments (Hirose, 1%71a;
! Sawashima, 1969, 1971). Based on an electromyographic study of the activity
of the vocalis muscle in articulation, the present author reported that de-
voicing of Japanese vowels appears to be a matter concerning the neural pro-
cess that determines the motor commands to the larynx (Hirose, 1971a). 1In
the present study, electromyographic activities of selected intrinsic laryn-—
geal muscles were examined with special reference to vowel devoicing in Jap-
anese in comparison with the production of voiceless consonants.

METHOD

E A speaker of the Tokyo dialect served as the subject in the present

s study and read randomized lists of test sentences sixteen times each. Each

i sentence embedded a test word in a frame '"'soreo =- to ju:" (That we call --).
i Table I lists the types of test words used in the experiment. They are all
‘meaningful Japanese words. No accent kernel is attached to those words ex-—
cept for the last four pairs in the table, in which the position of the accent
kernel is indicated by the mark " V." Devoicing typically occurs for all
s [i]'s between voiceless consonants as indicated in the table.

 Electromyographic recordings were made using hooked-wire electrodes.
The wires used were insulated platinum-iridium alloy, the outer diameters of

b ' which were" approximately EO mlcrone. -The electrcdee were 1neerted perorally

employed for 1nsertlcn into the vocalls (VDC) and the cr1cothyroid (CT)
Further ‘description of. the 1nsertlcn techniques may be fcund An -previous re-

ports (H;rose, 197la b).

Ihe electromyographlc 51gnals were recorded on a multlchannel data re—
corder together with acoustic Signals and automatic tlming markers. The sig-
nals were reproduced, high-pass filtered, and fed into a computer after appro-=

- priate rectification and integratlon., The electromyographic signals were _
averaged for more than fourteen -selected utterances of each test sentence w1th
f:reference to a llne—up point on - the time axis represeutlng a predetermlned

Also Faculty of Medicine, University of Tokyc




(1) Words with no accent kernel
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speech event. In the present experiment, voice onset following [t] in ther
frame " --- to yuu" in each sentence was taken for a line-up point. The data
recording and the computer-processing system employed in the present exper-

iment as described in more detail by Port (1971).

RESULTS

The laryngeal adjustments in terms of the opening and closing gestures
of the glottis for the voiced/voiceless distinction appeared to be executed
by reciprocal activities of the abductor and adductor muscle groups of the
larynx. 1In particular, the PCA consistently showed increasing activity for
the voiceless portions of test utterances, while its activity was suppressed
for the production of veiced segments. Conversely, INT activity appeared to
be suppressed for voiceless portions and increased for voiced ones, thus pre~
senting a sort of inversion of the pattern of PCA activity throughout the
utterance, - :

Figure 1 illustrates an example of the averaged EMG curves of, from
bottom to top, the PCA, the INT, and the VOC, for the utterance of [soreo
zyike: to ju:] and of [soreo sjige: to ju:], thus comparing the patterns
of the muscle activity in respect to thEAISj],VS' [s.] and [k] vs. [g] con-
trasts. It is clearly demonstrated in both cases that there is a reciprocal
pattern of activity between the PCA and the INT.

In the case of [soreo s,ige: to ju:], for example, the PCA shows in-
creasing activity for the production of voiceless [sJ] and [t] and remains
suppressed for the rest of the test utterance. On.the contrary, the INT shows
a rapid decrease in activity for [s.] and [t], while it stays at high level
for the rest. The timing of the peak PCA activity approximately coincides
with that of the maximum suppression of INT activity. There is a shallow dip

in the INT curve, apparently corresponding to [g] production.

- For the utterance of [soreo z,ike: to ju:], the PCA shows increasing
activity for [k]-and [t] and suppressed activity for the rest. The INT shows
a'gradﬁél’decreaSé’in.agtivi;yjﬁd:,thé}sequgnceA[zji],,followed,byffurtherﬁ '

. suppression corresponding to increasing PCA activity. -~ - - '

- The adfiviﬁy-¢ffthé;VQCfgénefaily,stéyé ét.a:high'levelffor,the #éwel ‘
portion of the utterance, while it becomes low for consonant segments regard--
less of thaﬁ?oiced/voiceléss'diStihqtioﬁ;;although'the~aétivity‘is~usua11y?

but with some exceptions, -somewhat higher for a voiced consonant than for a ==
- 'voiceless consonant if we compare_the averaged EM
- voiced/voiceless consonant “pairs.l

EMG values for a given set of

Figure72”coﬁ?arésfthefavéfagéquMGL;urves £or'the'$enténééé,éﬁﬁedding

'-[sette:]”vs;‘[sek}:eé];“whéfe”the;ihﬁgECDnéQﬁantalf{i]fis dé%di¢é§'iﬁ,the.V

. It is SﬁéwggtﬁatQEEAJé@ti#i?yfiﬁé?éaééSﬁforaﬁheﬁ%ééﬁ%ﬁ??;ik}tjfas.W%ll_. e
- asffbr'the{ge@;ﬁgtej[tt]{agdﬁiﬂitial}[sj;4Whi12“thé?INT isfmarkedly”supptessed; L

for these sequences, -

) 'lIn‘thé éxamp1éévin'Figurél;]VDC acti#ity*ishighéf7forﬂ[g] thén £or[k]vbﬁt R
-;Hlloyerafor;[;ij;thgnifg:f[Si];;;g{gf;ffjf o , I N
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The VOC appears to be suppressed for consonant segments in these
examples, too, as well as for [kjt] and for the geminate.

The CT, for which data is not given here, did not give a consistent
difference in the pattern of activity with respect to the voiced/voiceless
distinction. It was revealed, however, that the CT showed increasing
activity for the production of a syllable with an accent kernel.

The present data thus indicate that the PCA and the INT are most likely
to play principal roles in the voiced/voiceless distinction as possible
physiological correlates for opening vs. closing gestures of the glottis.

An attampt was made to estimate tha dagraa of PCA activatlon and INT

values for the PCA and minimum valuea for the INT far a glvan vaiaalaas se-
quence of the test words. For estimation of PCA activation, maximum EMG
values were simply taken. For the INT, the minimum EMG value for a given
voiceless portion was subtracted from a predetermined value of 50,4 and the
remainder was taken to indicate the degree of INT suppression.

It was revealed that PCA activation thus specified is highest for
initial [ait] and that INT suppression is most marked for initial [sia].

Figure 3 presents the degree of PCA activation and INT suppression
for the voiceless portion of each test word, being normalized and illustrated
on an arbitrary scale, where the value for lnltlal [sit] for the PCA and that
for -initial [aia] for the INT are taken as standard values of 100. In most
cases, thavtiming for maximum PCA activation and INT suppression were found
to. cbincide. Therefore, normalized values for a given voiceless portion are
superimposed in Figure 3. " Although there is certain discrepancy between
apparent PCA activation and INT suppression thus specified for a given voice-
less sequence, we can approximately compare avarall muscle activities which
are most likely to be responsible for an apan;ng gesture of the glottis for
"each volaalaaa portion of the test words. In this figure, the value for
initial [s] represents the mean far seven different kinds of test words having
initial [s], while that for [s.] for three, and that for medial [k] for four.
Thosge conannanta in tha ayllabie w1th an accent kernel are eliminated from the

ﬁata .

It is found that tha inltlal /a%C/ .sequences generally give the greatest
values as noted in Figura 3, while the medial stops show the smallest. The
values for geminate stops are higher than thcsa for the med1a1 stops but lcwar

than for medial /kiC/ sequences.

CDMMENT

tial role in laryngeal artlculatary adjustments : It was rapartad that tha PCA

EINT actlvity for VQlCEd sagmants almoat alwaya ex aeda tha laval of SO,AV-
‘It was aaaumad tharafora, ‘that the -EMG values lawar than that particular
laval can’ ba ragarded as an- 1ndicaticn cf INT suppre551an.
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and the INT showed consistent reciprocal activities for articulatory ad-
justments in terms of the opening and closing gestures of the glottis, while
the VOC appeared to participate particularly in vowel production (Hirose,
1971c). It has also been assumed that there is some relationship between
VOC activity and suprasegmental features such as pitch.

The present study generally supports the above concepts. It was also
revealed that the abductor of the glottis, the PCA, showed marked activity
for the sequence containing a devoiced vowel, while the adductors were re-—
ciprocally suppressed. These findings are in agreement with our previous
studies in which we claimed that devoicing of Japanese vowels is a matter
under active motor control of the larynx. The data further suggest that PCA
activation associated with INT and VOC suppression is essential for the con-
trol of the opening gesture of the glottis in devoicing.

It has been claimed that the integrated electromyogram parallels ten-—
sion in human muscles contracting isometrically (Inman et al., 1952). Since
the laryngeal muscles execute neither purely isometric nor purely isotonic
contraction, it is not feasible simply to correlate the averaged EMG values
of a given laryngeal muscle to the tension of the muscle or displacement of
the effector, such as the vocal cord. However, it would be reasonable to
assume that a given value of PCA activation end INT suppression as presented
in Figure 3 may, to some extent, represent the degree of glottal opening.

If this assumption is correct, it should be of interest to compare the EMG
results to the glettel gestures directly observed by means of a fiberscope.

Saweehlme (1971) measured grottal w1dth durlng the predue ion of velces

vewel in Japanese by means of a f;bereeope ‘and reported that there were
certain differences in glottal width depending on different phonetic repre-
sentations. 1In his study of one subject, he observed that the maximum
glottal width for a given voiceless portion was. largeet for the initial
voiceless sequence containing a devoiced vowel and smallest for medial stops.
These results are apparently coherent with the present data, which indicate

- that the highest PCA activity is associated with the lowest INT activity for
initial voiceless sequences containing a devoiced vowel, and the ‘lowest PCA
activity is aseoe;eted,W1th highest INT activity for medial stops. Sawashima
also found that glettel width for geminate stops was significantly smaller
than that for medlal voiceless sequences containing a devoiced vowel. " In

the present data, hewever, the difference in degree of PCA eetivatien and INT
suppression between these two eondrtlone does not eppeer to be very marked.
It seems that we need more data in order to epec1fy the physiological basis
of these two different phenetic eenditiens in more detail, although p0551b1e
‘individual variation has to be taken 1nte een51derat10n. A combined study of
simultaneous fiberscopic observation of the glottis with laryngeal EMG data
.acquisition is expeeted to give further informatlon ‘on 1eryngeel edjuetmente
in speech. : :
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Vowel Stress and Articulatory Reorganization

Katherine S. Harris'
Haskins Laboratories, New Haven

If a speaker is asked to produce a word which contains a particular speech
sound, it can be shown that there will be a great deal of variability in what
is produced. Some of this variability depends on the immediately neighboring
speech sounds; some depends on the stress and intonation pattern in which the
word is imbedded. A principal thrust of recent physiological investigation
has been towards showing that at least part of this variability can be accounted
for by relatively low-level rules. One formulation of this sort is the sugges-
tion that a shape template, or target, for a speech sound is stored in the
nervous system, and that the effects of coarticulation can be described as dte
to the overlapping effects of several targets at any moment in time (MacNeilage,
1970; Ohman, 1967). The most careful working out of this sort of formulation
is probably Lindblom's (1963) ingenious theory of vowel neutralization.

This theory was developed to account for the changes 1n vowel color which
accompany changes in stress. If a vowel is destressed, it will tend to be of
shorter duration and to move in vowel color towards the neutral schwa: the
latter phenomenon is called vowel neutralization. . Lindblom's preposal is that
the neutralization is a consequence of the accompanying shortening. Briefly,
in a CVC sequence, although the signals sent to the articulators are constant,
the response of the articulators is sluggish. If signals arrive at the muscles
too fast, the articulators will start towards the vowel target but will be
deflected towards the subsequent consonant target--that is, there will be under-—
shoot. Lindblom tested his theory by having subjects produce sentences con-
taining CVC monosyllables. The effect of rearranging the sentences was to
change the stressfan‘bnegﬂeréﬂ‘and,censequegtly'to,change the vowel duration.
He made careful'meaSQrements'qf{;héfmést}EthémeEPOSi;ions of the first and
second formants, as a function of the vowel length. He found that as vowels
lengthened, the formants tended towards a target frequency which could be de-

scribed as a target articulation.: .

Lindblom's theory seemed to us to be elegant and testable, if one sub-
stitutes for "signals" the more specific "muscle contractions.”" A refor-—
mulation in electromyographic terms would then perhaps be: "Under conditions
of- changing stress (o1,rate,Qf;afticulation)gthe:electramyagraphic”signals'-
associated with any vowel will remain constant.. Only the spacing between them
will change.” = - s T T T T |

X ' : o P L
This paper is a séméwhatvrewritten‘versiog'of‘a papér;”The Organization of
ArticulationrSchema;"'p:esénted;at thé;l97l,Ccﬁvéntidﬁéfvthe American Speech -

andnHea;ing As§qciatién,.Chicagb;fI;linois, November 1971.

fAl56 Ih§fGiadqaté;Céntet'bfftheféity University of New York.
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Some time ago, we performed an experiment on consonants which is relevant
here (Harris, Gay, Sholes, and Lieberman, 1968). Subjects produced sentences
with one word containing /p/; this word was either heavily contrastively stressed
or not. Thus, we would compare "It's the keeper" with "It's the keeper.'" An
electrode in the orbicularis oris muscle measured the strength of the closure
contraction, or "signal" in Lindblom's terms.

The results showed a contrast in the amplitude of the EMG signal for the
two conditions. However, the effect was quite small-—about 20 percent differ-—
ence between conditions. Furthermore, even this difference was obtained only
under conditions of very strong contrastive stress, perhaps stronger than we
would observe in nrdinary running speech.

We wanted to repeat the experiment with vowels, using stress contrasts
more like those in ordinary running speech. The genioglossus muscle, which
is active for high vowels, seeméd suitable for examination (Harris, 1971;
Raphael, 1971; Smith, 1971).:

Figure 1 shows the génioglossus muscle. It is a large, fanshaped muscle,
which is generally described as bunching and fronting the tongue. The arrow
shows the general direction of electrode insertion into the muscle body.
Electrode preparation and insertion procedures are described in detail else-

where (Hirose, 1971).

We constructed a set of nonsense trisyllables, with stress on either the

first or the second syllable. The vowel in one syllable was always /i/,

while the vowel in the other syllable was /2/ or /u/; /i/ appeared equally

often in the first or second syllable and was equally often stressed and un-

stressed. All conditions were repeated with /p/ as an intervocalic consonant

and with /k/. Typical trisyllables, then,would be /Fikupe/ and /pupipa/.

The subject read sixteen lists in which these nonsense words -appeared in ran-
-dom order. The resulting electromyographic signals were recorded and averaged

by the usual techniques (Port, 1971). ' RS g B

To return tthiﬁdblem‘s model, it would lead us to expect a constant ,
'muscle—signal'for.t'e_vcwelg-/i/, with changes in timing of adjacent signals,

~depending on stress

- context, -

: Figure 2 shows the utterances /Bikupa/ and /piEﬁpa/; As usual, time
‘runs along the abscissa and the ordinate indicates amplitude of muscle signal.
Zero is the point corresponding to the end of voicing in. the first syllable.
The pair of utterances contrast in whether the first or the second syllable

~ is stressed.  If /i/ 4in the first syllable is stressed, the amplitude for .
/i/ increases. ' If /u/ iﬁ thé2éeCDﬁdHEYLlablegiS“stfesséd;,/i/‘aﬁplitudéUWill
~decrease. “('he vowel /u/ also shows some genioglossus activity, since it is
'a high vowel.) The amplitude of the stressed syllable is greater than the

. amplitude of a corresponding unstressed syllable. 0f course, we see changes

cdn timing, as-well. .~ - o © oo ol oo R mREREEy TELOSEE STETEEE

: ;{Peékwheights;cf,thé}géniogléssﬁskéétivity,;aveiéged;dvet:vafidus con-
:rtditicns}iare>shown?initabular”féfm:ingigupe“B;!jThiSfSlide shéWs,ﬁéanfpeak
" - height ir;a’lue"siffof’*fbur-c'o'ndii:1dﬁs=%—,whéh;?/;i/;;13"’stres'.sed and ‘unstressed; in
.. -the:.first syllable and: in the second. ' Overall, stress produces greater a

aetivity.. reIne S R Rt TSRS B 8. Pr T E
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One further question may be asked. If differences in signal size con-
tribute to stressing differences, is there any evidence that the duration
mechanism works as well? Lindblom's model says, in essence, that the longer
the vowel, the less neutral. To consider this question, we must extend the
model to yet another situation, the vowel duration differences which accom-
pany the shift from voiceless to voiced terminal consonants.

This phenomenon is extremely well known. Briefly, the vowel before a
voiceless stop or fricative is shorter than before- the corresponding voiced
consonaut. Now, let us assume that Lindblom's mechanism is at work in run-
ning speech. If the time distance between the vowel signal and the consonant
signal is shorter for voiceless.than for voiced consonants, then one of two
things must happen:  either the vowel must be more neutralized before voice—
less stops, or alternatively, there should be an adjustment of peak activity
to compensate for the duration difference. There is no evidence, either in
our own work or, so far as I know, in the extensive literature on the voicing
effect, that the vowel before a voiceless consonant is more neutralized than
before a voiced stop, although we should, of course, check spectrograms, which
has not yet been done. Some data collected by Raphael (1971) allow us to
examine the second possibility. : ' ) o

Figure 4 shows genioglossus activity for four high front vowels in the.
frame /pVp/. There is substantial genioglossus activity for /i/ and /e/
before /p/ for this subject but relatively little activity for their so—
called "lax" counterparts. Since the genioglossus is apparently a chief ‘
determiner of vowel color ‘for /i/ and /e/, we would expect an adjustment in
Peak height to compens:atée for the difference in vowel length before voiced’

and voiceless consonants._  On the other hand, we have no such anticipation

with respect to /€/ and /r/, since they show very: little acvivity.

Figure 5 shows peak heights .for the four wvowels béfp:a.a'sefiés of
voiced and voiceless consonant pairs.  ‘Overall; peak activity is lower for
the voiced member. of the pair, although there is one case of approximate’

fequality.'~Ihe'sitgation'isf:evgrsed_before the lax vowels-~I have .no idea

why. For long vowels this result can be interpreted as a tendency to compen-

sate for duration .differences, with peak. size: changes, for '"essential' muscles.

This compensation anticipates the duration difference, that is, the gpeaker
seems’ to make. some softkéf’aﬁticipatdry,zalculationi A : :

.Eigufe 6'showsfpeak'&aiuesvfor a second subject, who used ,relatively =
high:valueswof,geﬁiéglcssustacgiVity}forgall'fou: vowels (though notice that

/e/ is_strangly'diphthdngized'icr'thisjspééker,'éo'that_only'thevsecqnd"'

" peak corresponding to./i/ or /z/, is high).- We wpgld,fﬁhéféfore,.éxbéct}

compensation for voicing distinctions in. all four vowels. .

.5_Fiégréi7Vshgws;péak Beightsfquﬁthé’fqurlvowélsj'iWe looked only at

'twﬁ_SEtS'of’vai¢ed/vQigélessﬁﬁairsiféfffhisféhbject.~vThéré,are;tWQ,entrieé

Ffor;/e/} the;diph;hbng;zedfﬁdﬁél;:éné'fcrfeaéhﬂpeak{.}Wegwgu;d expect

- greater activity for the voiceless member of ‘the pair for all' four vowels,

-and indeed, this is about whaﬁ;we get;fthcﬁghﬂ;hére°is_énéfCEs§»§f~aﬁproki—g
thY{the;secqnd~péak~shéijvéigiﬁgVccmgenSEtiqﬁ.'

; ,“‘Let1ﬁe;éﬁﬁﬁéfize?éé=thié pciﬁtg “We -have p:oducéd'some rather preliminary
evidence that stressing'mayiaffectfthe-sizeigf-the“gontraqtién“signéls‘toﬁ' '
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muscles, as well as their timing, although, by generous overinterpretztion
of the data, we can find some evidence for the effectiveness of a timing
change mechanism, as well. However, if we presume that the "extra energy"
mechanism works at all, it really originates more problems than it solves,
since it leaves the question of what is invariant about a vowel under two
stress conditiong. Presumably, each vowel would be characterized by a
pattern of contractions; however, if the size of one member of the pattern
changes, what happens to the others?

Vowel height can be shown to be a joint product of tongue height and
Jaw opening. If genioglossus activity changes under stress, does the activity
of the anterior belly, and the other muscles which open the jaw, increase
proportionately? It seems far more likely that, for any vowel, only a
selected group of muscles increase activity under stress. If this is indeed
so, then the pattern of activity for any vowel becomes different, not only

in "size" but in configuration, for changes in stress.

How does all this affect our views of speech mechanisms? The most

cemmcn model for afferent feedback is that there is, for any phone, a
"target' articulation, which is represented either as a position in the
mouth or, more sp3c1f1cally, as a set of musele lengths of each phone.

These two hypotheses differ in their specificity. In the second case, not
enly is a target required, but the target must be reached by the same set

of muscle adjustments each time. A recent observation (Lindblom and
Sundberg, 1971) shows that if a speaker must attain a given tongue height
with a jaw opening that is constrained by a block holding the jaws open at

a fixed distance, he will use a ccmpensating adjustment of the muscles teo
raise the tongue. Some data of Borden's (1972) can be interpreted to mean
that if one of a set of muscles is partially paralyzed, other muscles will
attempt to compensate by more than normal activity. These cbservations

seem to me to indicate that a target representation in muscle length terms
is probably not a sensible one. The simple continuous gamma loop correction
modele, depending on attainment of a set of lengths, would seem to. fall with
this evidence. "Targets must somehow.be specified in position coordinates
which allow for cgnflguratlan flexibility. The study we reported here seems
to indicate that a given vowel must be represented as a series of targets
which differ from some neutral point, and which are arrived at by different
muscle action patterns. Single loop correction does not seem capable of
operating sucgass;ully on targets which change in this fashion.,
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An Electromyographic Investigation of the Feature of Tension in Some American -

English Vowels®

Lawrence J. Raphael+
Haskins Laboratories, New Haven

Much of the traditional phonetic literature presents us with a picture of
vowel articulation usually referred to as the vowel triangle or quadrilateral.
In part, this vowel triai 3le appears as in Figure 1. Among the notable fea-
tures of the arrangement of the six vowels shown on this part of the triangle

are :

(1) The pairing of the vowels [1] and [X] (both high front), [e] and
[E] (both mid front), and [u] and [U] (both high back).

(2) The relatively higher position for [i,e,u] within each pair.
(3) The more central position of [X,£,U] in each pair.

A variety of features has been put forth to explain the difference in
production between the members of these pairs of vowels in English speech.
Among them are the following: : -

(1) Tongue tension§ In this view the tongue muscles (though which ones
are usually unspecified) are tenser for [i,e,u] than for [I,E;U],,
thus giving a tense-lax opposition in production between the members

- of each pair.

(2) Duration (independent of diphthcggizaticﬁl;"In this view [i,e,u]
are of greater duration than [I,£,U], thus giving a long-short op-
position between the members of each pair. '

v . (independent or not of duratiom). In this view
[1,e,u] are characterized by up and forward or back gliding move-
~ments of the tongue, while [I,E,U] have no such .movements (or move-.
ments of insignificant moment). Thie yields a compléx~simple or
diphthong -monophthong opposition between the members of each pair.

(3

Jaw opening. In this ﬁiéw‘:harjaw‘opening'far [i,2,u] is less than
that for [I,E,U], thus giving a close~open opposition between the -
members of each pair. :

%) .

* o : , o ,

" Talk given at the 82nd meeting of the Acoustical Society of America, Denver,
Colorado, October 19, 1971. o » 7 :

+Alsg.Herbert H. Lehman.Collage of the City Univérsity of New York.
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(5) Simple height difference. In this view the tongue is simply higher
for [i,e,u] than for [I1,E,U], thus giving a high-low opposition be-
tween the members of each pair.

There is no clear agreement as to which of these features (or combination
of them) is crucial to the production and perception of the members of the
pairs of vowel sounds as different sounds, although any writer who maintains
the primacy of one of the features is quite likely to recognize the presence
of any or all of the others as redundant. For example, if one were to Propose
the tense-lax feature as the essential one, he might simply point out that
the natural result of such an opposition would be to cause a difference in
duration (as the tongue reached the added degree of tension necessary for
[i,e,u]); a difference in height and therefore quality (as the added tongue
tension caused the muscles to bulge upward, changing the shape of the resonant
cavity); and a difference in jaw opening (as the jaw moved up for the tense
vowel in tandem with the tensing and rising hump of the tongue). The argument
for the primacy of another feature would follow analogous lines.

If we assume a direct correlation between muscular tension and muscular
activity, then the feature above most suitably tested by electromyographic
techniques is tension. Other features (for example, duration, tongue height,
jaw opening) may be inferred from the EMG signal, but muscular activity is
more or less directly ascertainable. Furthermore, within reasonable limits
of accuracy, we can specify which muscle is being tested, thus bringing a
more-objective meaning to the term '"tongue tension."

There is, of course, a question as to how "muscular activity" is to be
interpreted. That is, there are two measures, peak activity and total activity
(which would be the integral of the area.beneath an EMG: curve), both of which
are measures of activity. Thus it is possible, if the latter measure, total
activity, is taken as primary, that an EMG signal with a relatively low peak
but ‘with relatively great duration might be described as indicating more
muscular: activity than a signal with a relatively high peak but of short
durstion. In the experiment describwud here both measures will be referred to
separately. - : : o ' ' '

The utterances used in this experiment consisted of the six vowels shown
in Figure 1, produced as the vowel in a CVC syllable which was preceded by
[2]. The syllable-initial consonant was always [p] and the final' consonants.
were [p,b,k,g]. ~Each vowel was paired with each of the consonants, yielding
twenty-four utterance types. The syllables were randomized in ten different
lists and.each iist was read twice by the subjects. Approximately seventeen
utterances for each item were averaged to produce the EMG curves. .

‘The activity of the genioglossus was chosen as the principle object of
investigation in this experiment. The genioglossus is-an extrinsic tongue-
muscle (the largest) which "originates at the point of the jaw...and fans out
into the whole anterior-posterior extent of the tongue' (MacNeilage ‘and Sholes,
1964). Earlier expériments have shown it to be active for both front and '
back vowels, with more activity for high ‘than for low vowels and for front
than for backcvowels (Hirano and "Smith, 1967; Smith, 1970). The data for
this muscle (and for others mentioned here) is derived from the EMG signal .
transmitted by hooked-wire electrodes iﬁserﬁed1intc'the muscle by means of
a hypodermic needle. The results for two subjects are reported here.
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For both subjects, in all syllables, there was greater genioglossus
activity for [i] than for [I], for [e] than for [£], and for [u] than for
[U]. TFigure 2 shows a typical set of curves for the tront series of vowels
for one subject. The zero point in time on this and all other figures is
the onset of voicing of the stressed vowel of the utterance. The highest
EMG peak of activity is for [i], the next highest for [1], a lower one for
[e], and the lowest for [€]. The duration of activity for [i] and [e] far
exceeds that for [I] and [€], by about 200 msec. Thus both peak height and
total activity agree with what the vowel triangle would predict in its tense-
lax distinction. It must be noted, however, that there are two peaks for
[i] and [e], the first of which 1is lower than the single peaks for [X] and
[E], and that the higher [i]-[e] peaks are reached at a point in time which
corresponds to the greater duration of these vowels. TFigure 3 shows the
same series of vowels for the same subject but in the syllable frame ending
in [k]. Again the peak heights are in the same order (although relatively
depressed) and in the same durational relation as in the labial syllable,
although all the vowels here have only one peak of activity.l

Figure 4 shows the two back vowels for the same subjsct. Both the greater
peak height and the greater total activity are evidenced by [u] as opposed to
[Ul. Analogously with the front vowels, the greater peak for [u]l occurs well
after the 1essar peak for [U].

Figure 5 shows the EMG curves for [i] and [I] in the syllables ending
in [p] and [b] for the second subject. In this case all the curves are
unimodal, with their peaks occurring very close together in time. The peaks
and durations for. [i] are again greater than those for .[I], so that both
measures of muscular activity fulfill the expectations derived from the vowel
triangle.

Figure 6 shows the data for: [s] and [E] fer the same subgect and in the
same syllable frames as those in Figure 5. The results are much the same as
in the case of [1] and [I].  The activity for [] is remarkably small, neither
of the curves for this vowel displaying any clear-cut peak.

The back wowel pair shown in Figure 7 displays the same results as the
front. vowel pairs: unimodal curves with higher peaks and greater total activity
for [u] as opposed to [U]. The curves for. [U] are less prominent than for any
of the other vowals for this subjsct 2 S :

Daspits thE uniformly grsater activity found for [1 e, u] as opposad to
[I,E,U] in both subjects, it appears that the subjects are employing differ-—.
ent articulatcry strategies in producing some of these vowels. . The differences
in the crdsring of tongue haight among the members of ths front vowsl saries

1 - - : A |
“It is presumed that tha sacond peak is associated with the final valar con—" -~
“sonant. : : : :

2Tm:idsntally, one can note that th1s figure and the two bsfsrs it clsarly
‘show the greater duration of muscular actiVity fori the vowels before the
voiced than before the voiceless consonants. This greater durational
rslaticnship was. found without excapticn in-all minimally" pairad syllables
for both SubJECtS.' . .
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as pictured in the vowel triangle is accounted for in the first subject by
the action of the genioglossus. The second subject, however, presents a
different picture. Figure 8 shows a typical set of curves for the front
series of vowels for subject two. Here, and in general, the data for this
subject present a picture in which the vowels are arranged in decreasing
order of both peak activity and total activity in the crder [1,e,X,£], though
the differences between [i] and [e] and the differences between [1] and [£]
are often small and occasionally in a direction opposite to that shown in
Figure 8. 1In any event, [X] and [e] are clearly transposed from their vowel
triangle positions.

A number of possible alternative strategies might explain this apparent
discrepancy. One is that for this subject (number two) the superior longitu-
dinal, an intrincic muscle of the tongue, may be more active in the bunching
and raising of the tongue for [I] and [£] than is the genioglossus (MacNeilage
and Sholes, 1964; MacNeilage and deClerk, 1969). We have not, as vet, found
our way into the intrinsic tongue muscles with hooked~wire electrodes to
verify this hypothesis.

Another possible strategy is based on the notion that tongue height
may not be solely a function of the genioglossus or of tongue muscles in
general, but rather a function of these muscles in conjunction with jaw open-—
ing (Lindblom and Sundberg, 1969). Thus, a particular tongue height, measured
from the palate to the high point of the tongue, might be effected in more
than one way: for example, wide jaw opening with maximum tongue bunching or
narrow jaw opeaning with minimal tongue bunching. If [I] is a high vowel to
be paired with [1], and if it is higher than [e], we might expect to find
less jaw opening for [I] than for le] to compensate for the greater tongue
bunching for the latter vowel in the second subject. Perhaps the best
muscle to tap as an indicator of jaw opening would be the anterior belly
of the digastric. Unfortunately this muscle was not investigated for sub-
ject two. Another muscle, however, the sternohyoid, whose activity has been
described as accompanying jaw opening (Ohala and Hirose, 1970) was tapped.
Although the sternohyoid data, in terms of peak height, do show less jaw
opening for [I] than for [e], it is by no means certain that the differences
between the peaks are sufficient to compensate for the genioglossus activity
for the vowels (Raphael, 1971).

A final possibility for the transposition of [X] and [e] as shown in the
genioglossus data involves the matter of tongue backing. The vowel triangle
shows both [I] and [£] to be retracted from the more extreme front positions
of [i] and [e]. Since the genioglossus displays greater activity for the more
fronted tongue positions3, (Hirano and Smith, 1967), one would naturally expect
slightly lower values for the activity of this muscle for [I], and of course
for [E], if, in fact, these vowels are less front than [i] and [e].

Internal verification of this possibility cahnct—be definitely provided.
The data from the superior constrictor, a muscle which has been taken to be.
an indicator of tongue backing, frequently does reveal greater peaks for [I]

and [E] as opposed to [i] and [e], but the results are not consistent, differ-

ences occasionally being small and/or in the unhypothesized direction.

i

BEspecially fo# the anterior electrode placement uséd,in thié experiment.
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Specification of the height ordering of vowels thus awaits further
experimentation, involving other muscles and perhaps an advance in technique
so that the intrinsic tongue muscles may be more readily and easily investi-
gated.

In conclusion, it appears that there is consistently greater activity on
the part of the genioglossus for the vowels [1], [e], and [u] than for their
counterparts on the vowel triangle [I], [E], and [U]. However, both in terms
of total activity and timing of peak height, this activity is inseparable from
duration and quality change. Again, the investigation of other muscles, espe-
cially the intrinsic muscles of the tongue, may simplify the picture, but for
the moment, although we might justify the assignment of such labels as tense
and lax to the vowel categories, qualified in terms of genioglossus activity
only, we would make no claims as to the primacy of the feature of tension in

distinguishing the production of the vowels investigated.
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*
Word~Final Stops in Thai

. +
Arthur S. Abramson
Haskins Laboratories, New Haven

As far as I can tell from the literature, agreement over the phonetic
nature of word-final stop consonants in Standard Thai has not been reached.
Indeed, non-Thai observers with little training and experience in auditory
phenet;cs often have trouble in just detecting the presence of these normally
unreleased stops, especially the velar stop after long /uu/. It is perhaps
not surprising then that linguists have failed to be very precise in their

a, p)lication of vaguely defined impressionistic terms to these speech sounds.

The question must be examined against the background of the full system
of Thal ocelusive ceneonente 1 Except possibly for my omission of the glottal
stop, the phonemee displayed in Table 1 will probably cause little argument .
Establishing underlying forms for a generative phonology in Thai grammar is

‘not likely to be relevant to the present phonetic analysis. Rather, it can
be argued that it is necessary to have proper phonetic descriptions of utter-
ances before positing underlying forms from which to derive them by rule.

Table 1
Thai Initial Occlusives

Labial Dental , Alveolo-Palatal Velar
Voiced b d
Voiceless Unasp. P t c k
rAepa p* te ct | k*®

Te be published in a volume on the phonetics of Thai (publication 1nfermetlen
net vet evelleble)

Aleo University of Conn- :ticut, Storrs.

These consonants as a set are called eeelu51ves rather than stops enly be-
cause it seems desirable to include among them the affricates /e c*/ whieh
‘share the feature of espiretion with the elmple etcpe :

'21 shall restrict myself in this artlcle to eoﬂelderetlene of surface phe—
nDlagy;
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The only serious disagreement in the literature with the intersecting
phonetic features of Table 1 is with regard to the roles of voicing and as-
piration. Richard B. Noss (1964:10-13) describes /b d/ as unaspirated ienis
stops, /p t ¢ k/ as fortis stops, and /p® t*® k*/ as aspirated lenis stops.
These appear to be his choices of paramount features, although, of course, he
adds information about voicing and other aspects of production. Marvin J.
Brown (1965:39), in line with his model for Thai diachronic phonology, posits
glottal closure for /p t ¢ k/. That is, he believes that there is a simul-
taneous glottal closure which is not released later than the oral closure.

Claims about tensity as an independently controllable parameter of speech
production are tenuous (Abramson and Lisker, 1970) when one seeks experimental
validation. The story on voicing and aspiration seems to be quite different.
Some several years ago, Leigh Lisker and I (Lisker and Abramson, 1964) showed
clearly through acoustic measurements that Thai initial stops are differentiated
into three classes on the basis of voice onset time megsurements. For the
"voiced" stops, spectrograms show high~amplitude laryngeal pulsing during the
stop occlusion; that is, the pulsing starts well before the release of the
stop; for the ''voiceless unaspirated" stops, voicing starts upon release of
the stop or shortly thereafter; for the "voiceless aspirated" stops, voicing
onset lags considerably behind stop release. The original body of data under-
lying these conclusions is reproduced in Table 2 (Lisker and Abramson, 1964:
396).3 The use of negative numbers for /b d/ is simply a convention to in-

- dicate voice onset before our reference point, the release of the stop. As-

piration, then, is the acoustic consequence of exciting the vocal tract res-
onances by means of a noise source, turbulent air coming through the open
glottis during the lag between the release of the stop and the onset of voicing.
During this voicing lag, the articulator is moving away from its place of
articulation, and the vocal tract is assvning a configuration for the syl--
labic vowel; thus, aspiration is a property of the initial portion of the
vowel as well as the stop release. This turbulence is in fact also present

in the short voicing lags of the voiceless unaspirated stops but has too short
a duration to be very audible.# The voicing lead of /b d/ is typically quite
audible. The perceptual relevance of voice onset time has been confirmed for
Thai through experiments with synthetic speech (Abramson and Lisker, 1965;
Lisker and Abramson, 1970).

Given the rather compelling efficacy of voice onset time in implementing
the three-way contrast, any as yet unsubstantiated claims concerning tensity
or fortisness seem gratuitous at this time. On the other hand, Brown's
assertions as to glottal closure are not necessarily inconsistent with our
observations on voice timing. One way tosuppress phonation in speech is to

‘swing the anterior portions of the arytenoid cartilages apart and open the

3In the 1964 cross-language study, we restricted our observations to stops;
therefore, Table 2 contains no data on the affricates. Since then, however,
I have seen enough additional spectrograms not only to confirm our old anal-
ysis of the Thai stops but also to validate aligning the two affricates with
the voiceless unaspirated and aspirated stops, respectively.
big short voicing lag is effected in part by means of a small glottal aperture
(Kim, 1970), we might expect the turbulence to be low in intensity. Low in-
tensity and short duration would combine then to yield less loud aspiration
than for the aspirates. ' :
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Table 2

Thai Initial Stops: Voice Onset Time in Milliseconds
(Three Speakers)

Labialg
b P P’
Average =97 6 64
Range =165:-40 0:20 25:100
Number 31 32 33
Dentals
d t te
Average ~78 9 65
Range =165:-40 0:25 21:125
Number 33 33 33
Velars
k k*
Average ‘ 25 100
Range 0:40 50:155

- Number 32 : 38

glottal aperture beyond the point at which audible vocal—fold v;brat;on can
oceur; another way is to close the glottis tightly. We hope soon to be able
to settle such questions through the use of our flexible fiberoptic endoscope.
In the meantime, recent findings (Kim, 1970), for Korean at ‘least, indicate
that stops heard as voiceless ‘inaspirates are likely to be prcduced not with
tlght closure but with a small opening of the glottis, while larger glottal
.apertures are required for. greater amounts of aspiratian‘

In word- final position the phanmlcglcal picture is scmewhat 51mp11fled
The twg affricates de not- appear, ana the three-way 1aryngeal opposition among

VSSee Cccpez ét al. (1971) and.referEﬁcesfthereinf'




the stops is not relevant. For each place of articulation there is just one
stop phoneme: a labial, a dental, and a velar. What is the phonetic nature
of this single manner category? From the point of view of the language struc-
ture, it may not matter too muchj; there is neutralization of the distinctive
features involved. From the point of view of speech production, it does mat-
ter very much. After all, a good description of the language must include
rules for pronunciation. If we suppose that these finsl stops are to be
aligned with one of the three initial categories, let us consider the phonetic
possibilities in the light of the voice timing dimension which is diagnostic
for initial position. Long voicing lag or aspiration is ruled out by the

fact that the final stops are not normally released, nor, for that matter,

is preaspiraﬁion cbserved in Thai. We are 1eft then witb the mirror images
(1) voice pulslng continues well into the stop ccclusicn or (2) voice pulslng
ceases by the time of ach.evement of oral closure.

As suggested at the outset of this article, observers using purely audi-
tory criteria have not presented very convincing pronunciation rules for the
use of analysts and students of the language. One Thai writer (Rudaravanija,
1965) writes the final stops as voiceless unreleased /p t k/ in the belief
that they are voiceless. Another Thai scholar (Kruatrachue, 1960:50) labels
these final consonants as /p t k/ but describes them as 'varying from their
allophones in initial position in not being released and in being less tense
or fortis.'" Brown (1965) writes all Modern Central Thaili examples with final
/p t k/, but for purposes of his historical treatment he is not necessarily
matching them with initial /p t k/.

Two recznt major reference works that must be taken into account in any
present-day linguistic description of Thai see these final stops in a differ-
ent light. For Noss (1964:10-13), the final stops share the "unaspirated
lenis'" feature of his initial /b d/; therefore, this necessitates positing an
additional phoneme /g/, which appears only in final position. Now in his
fuller phonetic specification of these consonants, Noss does say that they
are fully voiced in initial position--tHe two that occur there--but that
they are normally voiceless in final position and occasionally voiced, espe-
cially after a long high vowel. We must recall here that for Noss the pri-
mary distinction between the sets /b d g/ and /p t c k/ is based on the fortis/
lenis feature rather than voicing. 1In the table of consonants in her diction-
ary Mary R. Haas (1964:xi) also posits a phoneme /g/ which ocecurs together
with /b d/ in word-final position in her illustrative examples and in the
dictionary entries. ~No phonetic comment is made, so one is led to believe
that these stops are voiced in oth positions.® My own experience with the
Thai language has never led me to any conviction that I can hear laryngeal
pulsing during the occlusions of final stops, so in my own phonemic or mor-
phophonemic transcriptions I have always written them as /p t k/; neverthe-
less, in an early noninstrumental assessment of the consonants (Abramson,
1962:4), probably under the influence of Haas, I was reluctant to take a
firm position and wrote in a Praguian fashion, '"'the view taken: here is that
there is a neutralization of the manner features at the end of a syllable
with the archiphonemes written as /p t k/, occurring as [p t k] or [b d g].

11

ThlS is canaisteut w;th her position in téxtbc@ks and chér publications
datlng from 1945, too numerous to be cited here.




In the light of the foregoing, it seemed to me that it would be best
at this time to approach the problem by examining the final stops acous-
tically in terms of the voice timing dimension that had proven so effica-
cious in initial position. Having on hand extensive samples of speech
recorded by six educated native speakers of Central Thai, I went through
all these tape recordings looking for words with final stops.’/ The speakers
were university students, four men and two women, recorded between 1964
and 1971. 1In these recordings, made for a variety of purposes but not
specifically the present one, I found a total of 140 word-final stops as
displayed in Table 3. For each stop the number of tokens examined is given

Table 3
Final Stops Examined

(Six Speakers: four men and two women)

N % of Total
/p/ 18 13
/e/ 45 32
/k/ 77 55
Total 140 100

together with its percentage of the total. Indeed, not only is the numer-
ical representation of types uneven as shown in Table 3, but also the

array of environments in which the stops were found. That is, I simply
looked for word-final stops wherever I could find them in the recordings:
isolated words, citation forms of short exXpressions and sentences, and
passages of running speech. Of course, it would have been possible to

have a few informants record all the vowels of the language followed by

the three consonants to form a complete‘paradigmﬁs My own feeling was

that such an approach would achieve statistical symmetry at the price of

a certain artificiality. 'I agree that this kind of artificiality may some—
times be necessary in linguistic investigations and even desirable, but
since sufficient recordings were available to provide, as it turned out,

a rather stable set of data, it seemed preferable not to call an informant's
close attention to my interest in the final stops. !

7 . ' ,‘ e - . s ;
L included some of these data in my review of the Haas dictionary (Abramson,
1966). This review will appear in the public domain if Volume 22 of Word is
ever published. - '
SNaturally,‘as in all experimental work, anyone is free to test the generality
~of my results with a change in exferimental design.. o
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Wide-band sound spectrograms of all the utterances were examined for
acoustic signs of laryngeal pulsing during the closures of the final stops.
If there was some ambiguity as to the presence of vertical striations in
the spectrograms at the fundamental frequency of the speaker's voice, es-
pecially in the samples embedded in running speech, narrow-band spectro-
grams were inspected as well to examine the harmonics of the voice for con-
tinuity. For the most part, the wide-band spectrograms were sufficient
and preferable because of their better time resolution.

I have divided my observations of the word-final stops into the two
broad classes of those occurring at the end of an utterance and those
occurring embedded within an utterance. To test for voicing it should
really be enough to present data on utterance-final stops since the claims
in the literature seem to be intended to apply to "optimum'" citation forms.
I, however, wished to examine the possibility that these stops might show
a definite trend toward the voiced state by progressive assimilation to a
following voiced enviromnment, while manifesting themselves as voiceless
consonants in utterance~final position and before voiceless phones.

Nothing in the data indicated any profit in distinguishing between utterance-
final stops in citation forms from those in running speech. In running
speech, any clearly marked pause or end of discourse was accepted as a sign
of an utterance-~final stop. The utterance-medial word-final stops appearing
before voiced phones were distinguished from those appearing before voiceless
phones. The results of this investigation are presented in Table 4, which
shows . the number of items examined for each class and the number and per-
centage of those for which voicing of the stop occlusions appearved in the
spectrograms.

Table 4

Laryngeal Pulsing in Final Stops

Number Examined Voicing Present
Utterance~final ~ 7 73 ,:7 | 2 (32)
VUtEETSHEE;ﬁedial |
Béf@ré véiced‘phcnes ! 32 o 5 (162)
Before voiceless phones 35 - 1 (3%)
Totals | 140 8 (67)
Afterllong high vowels o : :28 . ; o f (7%)

The data of Table 4 make it overwhelmingly clear that the only reason-
able statement of a phonetic rule for word-final stops in Thai, regardless
of the context, is that they be produced without voicing. Note that after
the totals in the table, I have an extra ent:ry for the stops found after
long high vowels. This was done because of Noss's claim that these in parti-
cular are likely to be voiced. In fact, the two that were voiced (7 percent
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of 28) fall among the five that were voiced before voiced phones. It should
be noted that even before voiced phones the tendency to voice the occlusions
of the stops is rather weak, only 16 percent. In general, the 6 percent of
the total that showed voicing is characterized by low-amplitude pulsing of
the kind that we have previously called "edge vibration' (Lisker and Abram-
son, 1964:416-18) and would normally expect to be weak continued oscillation
of the vocal folds while the glottis is opening; edge Vibrations of this kind
seem usually to be below auditory threshold (Lisker and Abramson, 1967:8-9).
Examination of the spectrograms convinces me that this is the situation, but
I do not have the precise amplitude measurements that would entitle me to
make such # distinction in Table 4. 1In only two of these instances was the
voice pulsing a convincing mirror image of the situation in word-initial
voiced stops. Both of these were utterances of the dental stop in the ex-
pression /p!@t df@aj/ in which apparently a real [d] was pronounced through-
out the single sustained stop occlusion ending the first word and beginning

the second. e,

Voice pulsing, then, clearly 1s not characteristic of word-final stops
in Thai. The rare instances of unbroken high-amplitude laryngeal pulsing
in this body of data were cases of assimilation to following homorganic stop
sounds. Otherwise, the several cases observed seem to be nothing more than
the weak, inaudible pulsing caused by the failure of the margins of the
glottis to cease oscillating completely when the glottal aperture is not
large; although normally too weak to be heard in a speech context, these
-pulses may have sufficient intensity to be detected by instruments. On the
- basis of available phonetic data, it is implausible to align word-final stops
in Thai with anything but initial /p t k/.

It is unfortunate that such important reference books as the Haas dic-
tionary and the Noss grammar can mislead students of the language as to one
aspect of Thai pronunciation. Admittedly, some of the speculations of Brown
as to glottal control and Noss as to the state of the supraglottal articula-
tors should be investigated by instrumental means now at our disposal. With
the knowledge of these phonomena in general and Thai phonetics in particular
now available, however, I simply wish to assert that there is as vet no basis
for denying the primacy of the timing of laryngeal control of voicing-—and
thus aspiration-—for both initial and final stops of Thai. :

REFERENCES

Abramson, Arthur S. (1962) . The Vowels and Tones of Standard Thai:
" Acoustical Measurements and Experiments. (Bloomington:  Indiana U.
Res. Center in-Anthro., Folklore and Linguistics) Pub. 20. o
Abramson, Arthur S. (1966) Review of Thai~English Student's Dictionary
‘ by Mary R. Haas. Word 22 (in press). : -
‘Abramson, Arthur S. and Leigh Lisker. (1965) Voice onset time in stop
consonants: Acoustic analysis and synthesis. Proc. 5th Inti. Cong.
on Acoustics, D. E. Commins, ed., Vol. Ia, A51. (Li®ge: Imp. G.
“Thone ). o , i} '
Abramson, Arthur S. and Leigh Lisker (1%70) Laryngeal behavior, the speech
-signal and phonological simplicity. Actes du Xe Congreés International
des Linguistes, Vol. IV, 123-9. (Bucarest: Editions de 1'Académie de
la République Socialiste de Roumanie.) ' S

4.8 - : | 199




Brown, Marvin J. (1965) From Ancient Thai to Modern Diaiects. (Bangkok:
Social Science Association Press of Thailand.)

Cocper, Franklin S., Masayuki Sawashima, Arthur 5. Abramson, and Leigh
Lisker. (1971) Locking at the larynx during running speech. Annals
of Otology, Rhinology and Laryngology 80, 1-5.

Haas, Mary R. (1964) Thai-English Student's Dictionary. (Stanford:
Stanford University Press.) -

Kim, C-W. (1970) A theory of aspiration. Phonetica 21, 107-116.

Kruatrachue, Foongfuang. (1960) Thai and English: A comparative study
of phonology for pedagogical applications. Ed.D. dissertation,
School of Education, Indiana University.

Lisker, Leigh and Arthur S. Abramgon. (1964) A cross-—language study of
voicing in initial stops: Acoustical measurements. Word 20, 384-422.

Lisker, Leigh and Arthur S. Abramson. (1967) Some effects of context on
voice onset time in English stops. Language and Speech 10, 1-28.

Lisker, Leigh and Arthur S. Abramson. (1970) The voicing dimension: Some
experiments in comparative phonetics. Proec. 6th Intl. Cong. Phon. Sci.,
Prague, 1967 (Prague: Academia), 563-7. -

Noss, Richard B. (1964) Thai Reference Grammar. (We~hington, D.C.:
Foreign Service Institute, Dept. of State).

Rudaravanija, Panninee. (1965) An analysis of the elements of Thai that
correspond to the basic intonation patterns of English. Ed.D.

dissertation, Teachers College, Columbia University.

1S



) ) , ) *
Audible Outputs of Reading Machines for the Blind

Franklin S. Cooper, Jane H. Gaitenby, and Ignatius G. Matting1y+
Haskins Laboratories, New Haven

The goal of research on reading machines for the blind at Haskins Lab-
oratories is to preoduce by machine methods an output of clear, audible
English from an input of ordinary printed text. The core problem--generat-
ing acceptable speech from phonetic spellings--seems very near a successiul
solution through synthesis-by-rule methods. There is still much to be done
by way of evaluating and improving the synthetic speech, but the research
can now turn to some of the other problems involved in setting up a complete

Reading Service Center for the blind. Thus, the present emphasis is on user

tests of speech synthesized by rule, improvements in the rules (and so of the
speech), and automation of the entire speech-generating process,

Evaluation by Blind Users

An article in the previous Bulletin described the completion of user
trials with Compiled.Speech (another kind of spoken output in which sentences
are constructed from single prerecorded words). Preliminary tests were re-
ported, also, comparing Synthetic Speech with Compiled Speech and indicating
that Synthetic Speech was much preferred. The present report deals exclu-
sively with speech that has been synthesized from phonetic spellings by
various combinations of rules for synthesis; in all cases, the major part of
the conversion and the generation of the tape recordings has been done by
computer.

Some further testing has been done with veterans attending the Eastern
Blind Rehabilitation Center, Veterans Administration Hospital, West Haven,
Connecticut, with results similar to those already reported.  In addition,
a comnittee on blind students at the University of Connecticut has become
interested in developing a reading center for blind students that will make
use of the methods developed at Haskins Laboratories. The University has
assigned a member of the fasulty to help iﬂ evaluatlng the synthétic speech

ings fcr Lhis purpcse. This permits sample chapters from textbook assign—

ments to be prepared during the coming summer.  Hence, the user evaluation
program is moving ahead vigorously, with present emphasis on accumulating

‘recorded materials for student use, starting in September.

Summary prepared for the Bulletin of Prosthetics Research BPR 10-16, Fall
1971. . -

Alsa Uniﬁersity of Connecticut, Storrs.
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Automating Text Preparation

The preparation of synthetic speech recordings for user evaluation is,
at present, a rather slow process since the printed text must be typed into
the computer in phonetic form and sentence stress and intonation marks must
be supplied by the typist. Earlier Bulletinsg have carried accounts of the
phonetic input system, based on a keyboard-plus-storage oscilloscope, coupled
directly to the computer.

Recent improvements in the phonetic input facility have been of two
kinds. First, the editing capability has been expanded and streamlined,
This allows the operator to make changes in the phonetic text both quickly
and efficiently. The modified text can be synthesized immediately in order
to evaluate any changes that have been made. A second major change pertains
to the recording of long passages of text. Until quite recently, the task
of producing an audio tape with synthesized text involved much laborious
hand-editing. This process has been made automatic, i.e., audio tapes are
produced under computer control in a form that is suitable for listening
and evaluation with little or no further editing.

Improving the Naturalness of Synthetic Speech

Veterans and students who have listened to synthetic speech often report
that it has an "accent,' but that it is completely intelligible after the
first few sentences. Some texts require attentive listening, and some of
the listeners are not sure that the synthetic speech will be easy to listen
to for long, unbroken periods of time. Many others find the speech fascina-~
ting and fun and say that even human readers cannot be listened to indefinite~
ly. Clearly, though, improvements in naturalness can and should be made.
Work along this line has been directed partly to the phonetic details of the
synthesis~by-rule program itself, and ‘partly to extensions of the rules that
will mechanize the remaining stages of the speech-generating process.

Modification of the synthesis—-by-rule program has concentrated on the
details of the allophone tables and on the application of rules for intona-
tion. Improvements have been made in the acoustic specification of duration
and amplitude for stop consonants and for clusters of consonants in diphthongs
with various stresses and in modulating the intonation over a less extreme
range than before. '

Rules have been developed for assigning and modifying word stress in sen-
tences. It is a happy fact that English word stress is essentially stable,
even when words appear in sentence context, though the acoustic realization
of stress has to be modified to take account of word sequences, word location
in breath group, and sentence intonation. Plain and sparse rules for stress
modification have been applied to several thousand words of text, yielding
speech that departs only rarely from expected rhythms and phrasing. A number
of stress problems remain, some of them due to the multiple grammatical usage
that is possible for many English words. ' :

. Rules. for assigning pauses within sentences have been developed also.
These depend in part on punctuation -and in part on the number of words in a
string and their syntactic functions. [The original rules for synthesis
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(fully computerized) were quite successful in realizing stresses and pauses
when the input phonetic string was suitably marked by the human typist. The
objective of the present rules is to develop algorithms (for later conversion
to computer programs) that will automate the marking process.]

Automating a Pronouncing Dictionary

A major step 1n the conversion of printed English into spoken English
is the derivation of the phonetic string on which the rules for synthesis
will operate: the spelled form of the word must be converted to its pro-
nounced form in phonetic symbols, and to information about its normal syn-
tactic function(s), for use in those rules that assign stress and pause.
This part of the problem is being solved by the use of a comprehensive pro-
nouncing dictionary with syntactic annotations. A dictionary of this kind
has been made available through the kind cor .ration of the Speech Communi-
cations Research Laboratory; some parts of it are already in hand, and the
remainder is expected by the end of the summer.

The total dictionary (as received) will contain on the order of half a
million entries. It corresponds in coverage to the ordinary collegiate dic-
tionary but has many more entries, since all inflected forms of the words
are entered explicitly. Thus, in addition to such normal nouns as cat,

there are also cats, cat's, and cats' Similarly for verbs, there are such
entries as walk, walks, walked, and walklng The dictionary also contains

separata pranounglatlcns for different dialects and grammatical categories.
Many of these variants are not wanted in a dictionary for the projected
Reading Service Center; hence, there is a substantial tasﬁ involved, not
only in programming for normal uses of the dictionary, buti also in develop-
ing algorithms to delete the unwanted material. A substantial part of the
"editing'" has been done, and revised versions are bezing prepared for the
portions of the dictionary that are in hand. It now appears that the dic-
tionary, in final form for reading machine use, will fit comfortably onto
the four discs that are a part of the Laboratories' computer installation,
i.e., the entire dictionary will be available for fast random search.

Planning for a Reading Service Center

The interest and cooperation of the University of Connecticut in connec-
tion with its own program for blind students makes it feasible to plan for
the establishment of a Reading Service Center at the University, probably
as an extension of the University's present library services to blind students.
A schedule has been set for an initial trial period during which the feasi-
bility of such a Centaf will be fully assessed and equipment needs and bud-
gets for the Center's implementation will be developed. Plans fur the trial
period call for substant;al quantities of synthetic speech to be synthesized
at Haskins Laboratories during the 1971-72 academic year. The text will be
drawn from the blind students' normal reading assignments. The amount of re-
corded material that can be provided during the final months of 1971 will be
limited by the time required to type phonetic strings into the computer. By
early 1972, the automated dictionary should be operating. Any typist can
then use a conventional Selectric typewriter to prepare the input text in
machine-readable form; thus, the amount of material available for evaluation
during the second semester should be very substantial, allowing z thorough
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evaluation of the utility of the projected Reading Center. During the same
period-—-assuming that the user tests are progressing toward an encouraging
conclusion--planning and engineering studies will be made to determine the
type and cost of computer and opticai character recognition equipment that
will be needed for a full-scale Reading Service Center. The objective of
the first phase is to have, by mid-1972, all the necessary data for a policy
decision on whether or not to proceed with the implementation of a Center.
The user trials and equipment planning for a Center for blind university
students is, of course, directly applicable to decisions about a Reading
Service Center for blind veterans.
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The Evolution of the Human Speech Anatomy '

Philip Lieberman
Haskins Laboratories, New Haven

Let me state at the start of this paper the two main points that I
hope to cover.

First, adult Homo sapiens has a species=specific voecal tract that is
necessary for producing the sounds of human speech. The sounds of human
speech are necessary for human language. They are not arbitrary; they make
rapid acoustic communication possible.

Second, enhanced linguistic ability was the conditioning factor in the
processes of natural selection that led to the evolution of the human voeal
tract. In other words, the human vocal tract evolved for the function of
speech. The human vocal tract is inferior to the nonhuman vocal tract with
respect to the vegetative functions of breathing, swallowing, and chewing.
The only function for which the human vocal tract, i.e., the oral cavity,

‘pharynx, larynx, and. nose, is superior is generating the full range of sounds

of human speech. The morphology of the base of the skull of Homo sapiens
reflects the process of mutation and natural selection that resulted in the
development of human speech. Human speech is as important a factor in the
late stages of human evolution as chewing and upright posture are in its
early stages.

Acoustics and Anatomy of Human Speech

Let us start by briefly reviewing the acoustic and anatomic bases of
human speech. Human speéch acoustically is the result of a process in which
a source of energy is modified by an acoustic filter. 1In Figure 1 a sche-
matic view of the human vocal tract is presented. ‘A sound like the vowel
/a/ in the word father is produced by exciting the supralaryngeal vocal tract
by means of puffs of air that issue from the larynx. For a typical adult
male these puffs of air, which we perceive as the fundamental frequency, or.
pitch, of a person's voice, occur at rates of 100 to 300 puffs per second.
The rate at which the larynx rapidly opens and closes can, of course, be
adjusjed "during speech. The vowel /a/, for example, can he produced with

~a fundamental frequency of 120 cycles per second, or 200 cycles per second.

The vowel still has the phonetic value of /a/. The phonetic characteristics
of /a/ are independent of the laryngeal source. They are instead determined

] _
Invited paper presented at the Institute on Behavior and Evolution of the
70th annual meeting of the American Anthropological Association, New York,
New York, 18 November 1%71. ‘

+Alsa University of Connecticut, Storrs.
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'NASAL AIR SPACE

VELUM

PHARYNX

JRACHEA

SCHEMATIC OF RESPIRATORY SYSTEM

Figure 1: The supralaryngeal respiratory system, which determines the pho-
netic quality of vowels and consonants, consists of the oral and
nasal cavities and the. pharynx. :
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by the shape of the supralaryngeal airways. 1In Figure 2, line spectra are
presented for the vowel /1/ as i1t was produced by the same speaker at two
different fundamental frequencies. Note that energy is present at harmonics
of the fundamental frequency. Note the presence of local energy maxima in
the spectra at about 300 and 2200 cycles per second. These local energy
maxima are determined by the formant frequencies of the supralaryngeal vocal
tract. The formant frequencies are determined by the resonances of the su-
pralaryngeal vocal tract. At these resonant frequencies the harmomnics of

the laryngeal source will pass through the filtering supralaryngeal vocal
tract with least attenuation. Different shapes of the supralaryngeal vocal
tract can result in different formant frequencies. The vowels /a/, /i/, /u/,
/1/, and /A/, for example, all have different formant frequencies. The in-
ventory of phonetic elements of human languages is largely achieved by changes
in the supralaryngeal vocal tract that result in different formant frequencies.

A useful musical analog to this aspect of speech production is a pipe
organ. The source of acoustic excitation is similar for all the pipes. The
quality of each musical note is determined by the length and shape of each
pipe. We could assess some of the limitaiions on the music-producing capa- -
bility of a particular pipe organ by examining the pipes, independent of the
excitation source that the particular pipe organ actually used. We might,
for example, find this partial assessment useful in reconstructing the struc-
ture of some archaic music that was written for a particular pipe organ. We
would not, of course, be able to say very much about the dynamic control of
the pipe organ, but we would know some of the constraints that would struc-
ture the music.

In a similar way we are now in a position to assess some of the limi~
tations that structured the speech of extinct hominids by reconstructing
and modeling their supralaryngeal vocal tracts even though we cannot say

‘very much about their laryngeal sources or the dynamic control of their

speech~producing apparatus.

The Reconstruction of the Supralaryngeal Vocal Tract

The reconstruction of the supralaryngeal vocal tract of an-extinct
foesil hominid at first appears to be impossible since the soft tissue of
the oral cavity and pharynx is not available. We fortunately can make
reasonable reconstructions by using the methods of comparative anatomy
and taking advantage of skeletal similarities that exist between living
primates and fossil remains. The details of these reconstructions which
are largely the product of my colleague Professor Edmund S. Crelin of the
Department of Anatomy of Yale University Medical School are described in
our recent and forthcoming papers, (Lieberman and Crelin, 1971; Lieberman
et al., in press). We have examined, reconstructed, and assessed the pho-
netic capabilities of a number of fossil hominids, but I shall liait the
present discussion to the fossil "classic" Neanderthal man of La Chapelle-
aux-S8aints. i

In Figure 3 lateral views of the skulls of newborn man, adult chim-
panzee, the La Chapelle —aux~-Saints Neanderthal man, and adult modern man
are presented. The skulls have all been drawn to appeur nearly equal in
size. Skull features of newborn man, chimpanzee, and Neanderthal man that
are similar to each other, but different from that of adult modern man, are
as follows: (A) they have a generally flattened out base; (B) they lack
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mastold processes (very small in Neanderthal); (C) they lack 2 chin (occa-
slonally present in the newborn); (D) the body of the mandible is much longer
than the ramus (about 60 to 100 percent longer); (E) the posterior border

of the mandibular ramus is markedly slanted away from the vertical plane;

(F) they have a more horizontal inclination of the mandibular foramen lead-
ing to the mandibular canal; (G) the pterygoid process of the sphenoid bone
is relatively short and its lateral lamina is more inclined away from the
vertical plane; (H) the styloid process is more inclined away from the
vertical plane; (I) the dental arch of the maxilla is U-shaped instead of
V-shaped; (J) the basilar part of the occipital bone between the foramen
magnum and the sphenoid bone is only slightly inclined away from the hor-
izontal toward the vertical plane; (K) the roof of the nasopharynx is a
relatively shallow elongated arch; (L) the vomer bone is relatively short

in its vertical height, and its posterior border is inclined away from the
vertical plane; (M) the vomer bone is relatively far removed from the junction
of the sphenoid bone and the basilar part of the occipital bone; (N) the
occipital condyles are relatively small and elongated.

In Figure 4 inferior views of the base of the skull of newborn man, Ne-
anderthal man, and adult modern man are presented. Note that there is a
relatively long space between the foramen magnum and the palate in newborn
man and Neanderthal man. This long distance is reflected in the exposed
portion of the sphenoid between the base of the occipital and the vomer.

Wken the larynx is positioned with respect to the skull in Figure 5 the
functional significance of the morphology of the base of the skull and man-
dible is apparent. The larynx is positioned high and forward in newborn and
in Neanderthal. The long "flattened out" skull base, long mandible, horizon-
‘tally inclined styloid processes, together with the angulation of the facets
of the geniohyoid and the anterior belly of the digastric muscles at the sym-
physis of the mandible, are consistent with this high, fronted laryngeal po-
sition., '

In Figure 6 the head of a young adult chimpanzee sectioned in the mid-
sagittal plane is presented. Note the high position of the larynx. The
tongue rests entirely within . the oral cavity and the epiglottis ecan approxi-
mate with the soft palate. Note that the pharynx lies behind the oral cavi-
ty. 1In Figure 7 silicone rubber casts of the air passages, including the
nasal cavity, of chimpanzee and newborn and adult man are shown. These casts
were made by filling each side of the split air passages in sectioned heads
and necks and then fusing the cases from each side of a head together. A
cast of the reconstruction of the air passages of the La Chapelle-aux-Saints
‘Neanderthal man is alsc shown. Note the basic similarities between the new-
‘born human (1), the chimpanzee (2), and the Neanderthal (3) supralaryngeal
---alr passages., L : o ; :
p There is practically no -supralaryngeal portion of the pharynx present
 in the direct airway out from the larynx in chimpanzee and Neanderthal and
newborn man. In adult man half of the supralaryngeal vocal tract is formed
by the pharyngeal cavity. lThisldiffefenceibetﬁéén'chim?aﬁSee, Neanderthal,
‘and newborn-~-and adult man,1isfa.ccnséqugnce.@f,the;0pening»éf the larynx
' h is immediately behind the oral cavity in the chim-

- into the pharynx, whic

7; ?panzge5:Néandérthél,?agﬁKggyggrﬁi'fIn §§E;E!E§E_£his=openinglggcurs farther
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down in the pharynx. Note that the supralaryngeal pharynx in adult man serves
both as a pathway for the ingestion of food and liquids and as an airway to
the larynx. In chimpanzee, Neanderthal man, and newborn man the section of
the pharynx that is behind the oral cavity is reserved for deglutition. The
high epiglottis can, moreover, close the oral cavity to_retain solids and lig-
ulds and allow unhampered respiration through the nose.l

Assessment of Limits on Phonetic Repertoire

The assessment of the limits imposed on the phonetic repertoire by the
supralaryngeal vocal tract is inherently straightforward. Since the Formant
frequencies that determine the phonetic quality of speech sounds are specified
by the shape of the supralaryngeal vocal tract (Fant, 1960), we could, if we
wished, determine the range of formant frequencies by bending sheet metal into
tubes that represented the limits that the vocal tract anatomy imposed on
shape changes. These tubes would act as a sort of voeal tract pipe organ.

We can do this in a more convenient way by modeling the range of supralaryngeal
vocal tract shapes on a computer that has been programmed to act as an analog
of the vocal tract. In Figure 8 three area functions that represent the most
extreme deformations of a chimpanzee's supralaryngeal vocal tract in attempts
to approximate the human vowels /a/, /i/, and /u/ are shown. The area func—
tion simply specifies the cross—-sectional area of the supralaryngeal vocal
tract along its length. It thus specifies the detailed shape of the supra-
laryngeal vocal tract.

In Figure 9 we have plotted the vowel-producing abilities of newborn marn,
chimpanzee, and Neanderthal man with respect to the vowel repertoire of adult
man. Vowels can be specified by means of the first two formant frequencies
The frequency of the first formant is plotted with respect to the abcissa,
and that of the second formant, with respect to the ordinate. The normative
data for modern man is derived from a sample of seventy-six adult men, adult
women, and children (Peterson and Barney, 1952). The labeled loops enclose
the data points for each vowel category. Note that none of the circles
labeled "N," for Neanderthal, "1," "2," or "3" for the chimpanzee, or "X" for
the newborn fall into the vowel loops for /a/, /i/, or /u/. The results of
this modeling technique are consistent with acoustic megsurements of living
chimpanzees and newborn humans who inherently cannot produce the range of
sounds necessary for human speech (Lieberman, 1968; Lieberman et al., 1969:

Lieberman and Crelin, 1971, in press). The Neanderthal voecal tract also has

lThe essential morphological similarities that exist between normal human
newborn man and adult and juvenile '"classic' Neanderthal man are discus-
sed by V1&ek (1970). _Human adults never develop the specializations of
adult ''classic" Neanderthal man, e.g., a superorbital torus. Adult Nean-
derthal'hcminids,likgwiSEvﬁévér'déveloped[the”épécializatiOnsfaf Homo -
sapiens, e.g.; the human supralaryngeal vocal tract.  Since the human
supralaryngeal vocal tract is a functional anatomical specialization, it
~would perhaps be salutary to reserve the terms "Neanderthal" and "Nean-
derthaloid" 'to fcssil forms that lack this human-like specialization.:6 = =
Fossil forms like Skhul V and Steinheim which appear to have had a human- -
like supralasryngeal vocal tract (Crelin et al., forthcoming) thus should.

not be clasgifiéd'aS]"NeanJET;héloid"rhominidsg";:
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this same deficiency. We can thus conclude that "classic" Neanderthal man
inherently could not have produced the raige of sounds necessary for human
speech.,

The uniqueness of the adult human supralaryngeal vocal tract rests in
the fact that the pharynx and oral cavities are almost equal and are at
right angles. No other animal has this "bent" supralaryngeal vocal tract in
which the cross-sectional rreas of the oral and pharyngeal cavities can be
independently manipulated (Negus, 1949). In Figure 10 we have diagrammed the
"bent" human vocal tract in the production of the "extreme" vowels /i/, /a/,
and /u/. Note that the midpoint area functions are both extreme and abrupt.
In Figure 11 the nonhuman "straight" vocal tract which is typical of Neander-
thal man is diagrammed as it approximates these vowels. All area function
adjustments have to take place in the oral cavity in the straight nonhuman
vocal tract. Although midpoint constrictions like those needed for vowels
like /a/, /1i/, and /u/ can obviously be formed in the midpoint of the non-
human vocal tract, they cannot be both extreme and abrupt. The elastic
properties of the tongue prevent it from forming discontinuities that are
both abrupt and extrems.

Functiﬁnalrsigni£i§anc§,ofiEhonet;c Limitations

The absence of sounds like the vowels /a/, /i/, and /u/ from the Neander-
thal phonetic repertoire might at first seem interesting but trivial. After
all, plenty of other sound possibilities still exist for establishing com~
munication by means of sound. The vowels /a/, /i/, and /u/, however, have
certain significant acoustic properties that relate to ome of the points that
I cited at the start of this talk. Human speech through a process of encod-
ing and decoding allows communication at a rate that is about ten times faster
than any other signaling system (Liberman et al., 1967; Liberman, 1970). Pho-
netic segments are transmitted at a rate of twenty to thirty elements per sec—
ond by collapsing the acoustic cues for consonant-vowel sequences into syllable-
sized units. A human listener in perceiving speech, decodes, that is, unscram-
bles, the acoustic cues in terms of the articulatory maneuvers and the vocal
apparatus that underlie the speech signal. In order for this decoding process
to function the listener needs to know the approximate size of the vocal tract
that produced the speech signal (Rand, 1971). The "extreme" vowels /a/, /i/,
and /u/ optimally serve this vocal tract size-calibrating function in human
speech. The absence of these vowels in the phonetic repertoire of a fossil
population like "classic' Neanderthal man or other examples of Homo erectus
‘is, therefore, consistent with unencoded, slow, verbal communication. At
worst, Neanderthal man may have . completely lacked rapid, encoded human speech,

- At best, Neanderthal man lacked the range of phonetic possibilities of modern
- speech, In any event, he was not as well equipped for language as modern man.

. In other ways, Neanderthal man was better equipped for life. The Nean-
derthal vocal tract is more efficient for breathing since airflow is mnot im-
peded by a right-angle bend (Kirchner,-1970). The-Neanderthal respiratory
system also cannot be blocked by food lodged in. the pharynx. The Neanderthal
‘mandible with its long body also is more efficient for chewing. Chewing ef-
ficiency in man is a function of tooth area (Manly and ‘Braley, 1950; Manly .

- and Shiere, 1950; Manly and Vinton,.1951). The tooth area of Homo erectus. .
1s substantially greater than that of Homo sapiens. Modern man's vocal tract -




LIPS

F 44
/1/

LARYNX L

LIPS

/a/

LARYNX L]

/u/

LARYNX -

Figure 10:7‘? Schematic diagram of the "bent" human supralaryngeal vocal -
©° . tract. Note that abrupt and extreme discontinuitles in crass—
secticnal area can occur at the. midpclnt. :
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':?fLiebermans_P-, D.H.- Klatt, and WVA‘;

is better suited for speech and language. He is otherwise less equipped for
life. We can conclude that natural selection for enhanced speech has played
as important a role in the evolution -of Homo sapiens as upright posture and

chewing played in earlier stages. Communication. by means of speech may have
started with the beginning of hunting, since gestural communication is 1lim-
ited to the line of sight. . Speech communication furthermore completely frees
the hands for the use of tools and weapons. Rapid, encoded communication by
speech appears to be more recent. The skull of HcmoA;*piens is as functionally
specialized as animals like the gorilla. The function is, however, unique’

with respect to all living animals insofar as it involves rapid communication
by means of speech. 1In conclusion, we can note that the eighteenth-century
philosopher La Mettrie was. perhaps correct when he stated that if an ape

could talk, "he would be a perfect little gentleman' (1747).
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