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ABSTRACT
This collection on speech research presents a number

of reports of experiments conducted on neurological, physiological,

and phonological questions, using electronic equipment for analysis.

The neurological experiments coyer auditory and phonetic processes in

speech perception, auditory storage, ear asymmetry in dichotic

listening, auditory perception and processing, cerebral reaction to

speech signals, and the relationship between speech and reading

disability. The physiological experiments examine articulatory
muscles, control of tongue position, laryngeal muscles,
velopharyngeal mechanism, and vocal tract size normalization. The

phonological investigations consider tense-lax features in some

English vowels and Vowel Duration as a Cue to the Perceptual

Separation of Cognate Sounds in American English. One report covers

the latest development in the Haskins electronic system for
collecting and processing data in research. ono
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Auditory and Phonetic Processes in Speech Perception: Evidence from a

Dichotic Study*

+ ++ +++
M. Studdert-Kennedy, D. Shankweiler, and D. Pisoni

Haskins Laboratories, New Haven

ABSTRACT

The distinction between auditory and phonetic processes in

speech perception was used in the design and analysis of an ex-

periment. Earlier studies had shown that dichotically presented

stop consonants are more citen identified correctly when they

share place of production (e.g., /ba-pa/) or voicing (e.g.,/ba-da/)

than when neither feature is shared (e.g.,/ba-ta/). The present

experiment was intended to determine whether the effect has an

auditory or a phonetic basis. Increments in performance due to

feature-sharing were compared for synthetic stop-vowel syllables

in which formant transitions were the sole cues to place of pro-

duction under two experimental conditions: (1) when the vowel

was the same for both syllables in a dichotic pair, as in our

earlier studies, and (2) when the vowels differed. Since the

increment in performance due to sharing place was not diminished

when vowels differed (i.e., when formant transitions did not

coincide), it was concluded that the effect has a phonetic rather

than an auditory basis. Right-ear advantages were also measured

and were found to interact with both place of production and

vowel conditions. This outcome suggests that inhibition of the

ipsilateral signal in the perception of dichotically presented

speech occurs during or immediately before phonetic analysis.

Current accounts of speech perception emphasize process and divide the

process into a hierarchy of stages: auditory, phonetic, phonological, and so

on (see, for example, Fry, 1956; ChJstovich et al,, 1968; Studdert-Kennedy,

in press). The distinction between phonetic and higher levels is commonly

accepted in linguistic theory and is readily demonstrated in behavior. But

the distinction between auditory and phonetic levels is less easily demon-

strated and is not widely recognized. The auditory stage (or stages) refers

to transformation of the acoustic waveform into a set of time-varying psy-

chological dimensions (pitch, loudness, timbre, duration) roughly corresponding

to dimensions measurable in a spectrogram. The phonetic stage refers to trans-

formation of psychological (auditory) dimensions into phonetic features. We

The results of this study were reported at the 81st Meeting of the

Acoustical Society of America, Washington, D.C., April 1971.

Also Graduate Center and Queens College, City University of New York.

++ Also University of Connecticut.

+++Now at Indiana University.
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have argued elsewhere (StuCdert-Kennedy and Shankweiler, 1970) that, while the

auditory transformation may be accomplished by the general auditory systm

common to both cerebral hemispheres, the phonetic transformation is accomplished

largely, if not exclusively, by specialized mechanisms in the language-dominant

hemisphere.

We will not repeat the argument here. But among the reasons for positing

a single phonetic processing system is an interaction between left- and right-

ear inputs repeatedly observed in dichocic experiments: the initial stop con-

sonants of dichotically presented CV (or CVC) syllables, differing only in those

stops, are more accurately identified if the two segments have a phonetic fea-

ture in common, (Shankweiler and Studdert-Kennedy, 1967). Figure 1 (based on

Table IV of Studdert-Kennedy and Shankweiler, 1970) dis?lays the effect. The

probability that both initial stops will be correctly identified is greater if

the two segments have the same value on the phonetic features of place (e.g.,

/ba-pa/) or voicing (e.g., /ba-da/) than if they have neitner feature in com-

mon (e.g., /ba-ta/).

We have interpreted this interaction as evidence that dichotic speech

inputs converge on a single cerebral center before the extraction of phonetic

features. We suggested, further, that "duplication of the auditory informa-

tion conveying the shared feature value gives rise te the observed advantage"

(Studdert-Kennedy and Shankweiler, 1970, p.589). However, there are at least

two stages at which the advantage might arise: (1) during extraction of pho-

netic features from the auditory transforms (the interpretation quoted above);

or (2) during output of a response from the phonetic system.1 The first inter-

pretation attributes the advantage to shared characteristics of the inputs

(signals) to the phonetic system: phonetic analysis of the two sets of auditory

parameters is facilitated if the two sets have certain auditory features in

common. The second interpretation attributes the advantage to shared char-

acteristics of the outputs (messages): correct responses from the phonetic

component are facilitated by shared phonetic features rather than by shared

auditory features,

The present experiment was designed mainly co distinguish between these

two interpretations. We may clarify the argument by considering the set of

syllables used. Table I lists four stop consonants (/b,p,d,t/) and their pos-

sible combinations into dichotic pairs. Note that there are two pairs sharing

place (tb-p/, /d-t/), two sharing voice (/b-db/p-t/) and two sharing neither

feature (/b-t/, /d-p/). We are most interested in the two pairs sharing place,

since it is these that permit Us tO compare the effects of auditory and phonetic

commonalty.

Figure 2 illustrates the comparison. The figure displays stylized spec-

trographic patterns of the eight synthetic CV syllables used in this study.

They are formed from all possible combinations of the four stop consonants

C/b,p,d,t/) with two vowels (/i,u/). No release burst was included in the

synthesis so that all information concerning place of articulation is conveyed

by the second- and, to some extent, third-formant transitions. All within-

1The advantage might also arise during extraction of auditory information from

the acoustic signal. The effect would then be due to a relatively low, perhaps

subcortical, level of the perceptual process. As will be seen, this possibility,

though difficult to test directly, was ruled out by implication from the results

of the experiment.
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column pairs share both place of consonantal articulation and following vowel:

they therefore have identical forwent transitions. Cross-column pairs (/bi-pu,

bu-pi, di-tu, du-ti/) share place of consonantal articulation but not following

vowel: they therefore have different foment transitions. In other words,

within-column (same vowel) pairs share both phonetic and auditory information;

cross-column (different vowel) pairs shared only phonetic information. We may

now compare performance on these two types of dichotic pair. If the advantage

due to sharing a feature has an auditory basis, we would expect the advantage

to be greater for place-sharing dichotic pairs that also share the same vowel

than for corresponding pairs that have different vowels. On the other hand,

if the advantage has a phonetic basis, we would expect no difference in per-

formance on these same pairs between the two experimental conditions of "vowel

same" and "vowel different."

TABLE I

Faired Combinations of Four Stop Consonants According

to Features of Voicing and Place of Articulation

Place of Articulation

Labial Alveolar

Voiced

Unvoiced

Pairs Sharing:

Place Alone

b-p

d-t

Voicing Alone Neither Feature

b-d b-t

p-t d-p

Finally, a subsidiary purpose of the present experiment was to determine

the effect of auditory commonalty or contrast on the right-ear advantage t7pically

observed for stop consonants in dichotic studies. We defer elaboration of

this matter to the discussion.

METHOD

The eight three-formant CV syllables were synthesized on the Haskins

Laboratories parallel resonant synthesizer. Each syllable had a duration of

300 msecs : formant transitions lasted 40 msec, steady state portions,260 msecs.

For the voiced consonants all three formants began at the same instant; for the

voiceless consonants the first formant was cut back by 70 msec, and the upper

formants were aspirated over this period. The pitch contour of each syllable

fell linearly from 130 Hz to 90 Hz.
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Two dichotic tapes were prepared by a computer-controlled procedure that

permits precise alfgnment of syllable onsets. Voiced/voiceless pairs (i.e.,

those sharing place: /b-p/, /d-t/) were aligned so that the aspirated formants

of one syllable began at the same instant as the voiced formants of the other.

On one tape, the vowels of any dichotic pair were the same (either /i/ or /u/);

on the other tape, the two vowels were different. There are twelve possible

ordered pairs of syllables contrasting in their initial consonants (ordering

refets to channel orientation). Each pair occurred ten times in a randamized

test order, with the restriction that each pair occurred five times in the

fir3t sixty trials, five times in the second sixty trials.

Sixteen university students volunteered as subjects and were paid for their

work. All were right-handed native speakers of English and had no known hearing

loss. They were run as four groups over two days in a balanced design, distrib-

uting all order effects equally over the two experimental conditions. On a given

day, the subjects began with an eighty-item monaural identification tape, forty

items to the left ear, forty to the right. They then took a twenty-four-item

practice dichotic tape. Finally, they took the assigned test tape twice revers-

ing earphones after the first run to distribute channel effects equally over the

ears. For the dichotic test they were Lold that the two consonants on any trial

would always be different; they were instructed to identify both of them, draw-

ing from the set lb,p,d,t/, to write their answers on a sheet, and to give their

more confident response first.

One subject scored lass than 90 percent on the monaural identification teat

and displayed a strong left-aar advantage on every data analysis. He was

omitted from the group analysis, reducing the total number of trials to 1,800,

120 from each of the fifteen subjects.

RESULTS

Figure 3 displys the main results. For both experimental conditions

(vowel same, vowel different), the percentage of trials having both responses

correct is greater for those dichotic pairs that have a feature in common. The

effect is significant by analysis of variance (p<.001). In previous studies

(cf., Figure 1) more advantage accrued to pairs sharing place than to pairs

sharing voicing. Here, there is no significant difference between the two

classes of dichotic pair: subjects varied in whether they gave their highest

performance on place-sharing or voice-sharing pairs, so that there was sig-

nificant ..iubject-by-feature-shared interaction (p<.001). No subject gave his

highest performance on pairs having no feature in common.

Turning to the result of most interest for the present study, we note that

there is no significant effect of the following vowel. The slight advantage

for place-sharing pairs that precede different vowels was present for both

labial (5 percent) and alveolar (6 percent) pairs but was not significant.

Finally, we consider the ear advantages. Table II displays the distri-

bution of correct responses over the ears for trials on which only one response

was correct (the only trials on which an ear advantage has an opportunity to

occur).2 rhc columns headed (R-L/R+L) 100 provide a measure of the ear

advantage: the index ranges from 0 to±100 with negative values indicating a

2The greater number of such trlals when neither feature was shared is entailed

by the smaller number, of both correct trials under that condition.
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left-ear advantage, positive values a right-ear advantage. All indices are

positive and the ear effect is highly significant by analysis of variance

(p<.001); its variation across Leature conditions falls short of significance

at the .05 level. There is no reliable difference in the ear effects for the

two vowel conditions: the tendency toward a larger laterality index when

vowels are the same than when they are different is not significant.

However, analysis of the one-correct data into separate place values

reveals complexities: there is significant, three-way interaction between

ears, vowel condition, and place value (p05). Table III shows that for

alveolar pairs the laterality index is greater when vowels are the same than

when vowels are different; for labial pairs the reverse is true. We may note,

further, that the alveolar ear-by-vowel interaction is primarily due to a drop in

right-ear performance when vowels are different, while the labial ear-by-vowel

interaction is largely due to a rise in left-ear performance when vowels are

the same. Summing over vowel conditions, we note no significant difference

in the laterality effect for the two place values.

DISCUSSION

The main outcome is predicted by the phonetic interpretation: the gain

in performance for feature-sharing dichotic pairs arises from commonalty in

the phonetic message rather than in the acoustic signal or its auditory trans-

form. From this we may draw two inferences. First, a response is composed by

integration of the outputs from distinct phonetic feature processors. Second,

activation of a feature processor for one response facilitates its activation

for another temporally contiguous response. The same statements might serve

to describe a short-term respcnse bias leading to errors of feature substi-

tution in speaking of the kind described by Fromkin (1970): However, in the

present instance, repetition of a feature in successive responses is not a

random, internally generated error but the apt sequel of auditory information

extracted from paired signals. The effect is therefore perceptual.

At the same time, the results justify the distinction between auditory

and phonetic processes upon which the experiment was based, since commonalty

at the two levels affects overall performance and the laterality effect

differently. Phonetic feature-sharing facilitates performance but has little

or no effect on the ear advantage. Auditory similarity or contrast affects

the ear advantage (Table III) but not performance. We conclude that phonetic

and auditory transformations are indeed distinct processes. Furthermore, the

phonetic transformation seems to be accomplished by a single system to which

both dichotic inputs'have access.

We turn now to the ear advantages. We have argued elsewhere (Studdert-

Kennedy and Shankweiler, 1970) that auditory-to-phonetic transformation may be

the prerogative of the language-dominant cerebral hemisphere. At the same

time, the minor hemisphere is evidently specialized for recognition of complex

auditory patterns (Miner, 1962; Kimura, 1964, 1967; Shankweiler, 1966; Darwin,

1969). The interaction between ears, feature-value shared,and vowel condition in

the present study (see Table III) may reflect, in part, this functional dis-

sociation of the hemispheres. Study of Figure 2 will show that the most marked

formant transition contrast is between alveolar pairs followed by different

vowels (/di-tu, du-ti/). If we assume that auditory analysis of both inputs

is attempted by both hemispheres, we might expect that these pairs, with their

ii 9
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conflicting transitions, would present the greatest analytic problem and that

this problem would be more difficult for the right-ear/left-hemisphere system

than for the left-ear/right-hemisphere system.3 The results bear this out:

it is precisely these pairs that lower right-ear performance and contribute

most strongly to the observed interaction.

We should be clear that we are here accounting not for a reversal of the

ear advantage but for a reduction in its size due to lowered right-ear per-

formance under one condition of this experiment. We should not confuse this

reduction with the generally lower left-ear performance observed in dichotic

speech studies. The latter may be attributed to loss of auditory information

arising from interhemispheric transfer of the left-ear signal to the dominant

hemisphere for phonetic processing (see Studdert-Kennedy and Shankweiler, 1970),

while the reduced right-ear performance under one condition of this experiment

is here attributed to increased interference of the left-ear signal with the

right-ear signal during auditory analysis in the left hemisphere.

Clearly this account is not complete, since it Jeaves unexplained the

rise in left-ear performance on labial consonants vilen vowels are the sawe.

However, detailed explanation is of less importanta than the fact of the

interaction. The finding that the vowel condition affects stop consonant

perception differently for the two ears (Table III) is the first evidence of

central auditory interaction between dichotic speech inputs. From this we may

infer that inhibition of the ipsilateral signal under dichotic stimulation

(see Milner, Taylor, and Sperry, 1968) occurs not in the pathways to the

cerebral hemispheres but after central auditory analysis, either at the audi-

tory-phonetic interfacing or during phonetic analysis. In this regard, we may

note that the laterality effect for speech is only obtained if both signals

are perceived as speech: contralateral white noise (Shankweiler and Halwes,

unpublished data), noise limited to the speech band (Darwin, 1971), or pure

tones (Day and Cutting, 1970) do not produce an ear advantage. This, too,

would seem to implicate phonetic rather than auditory analysis as the primary

level of dichotic competition.

To sum up, this study has provided further grounds for distinguishing

between auditory and phonetic levels of speech processing. The results

suggest that both signals of a dichotically presented syllable pair are

transmitted to a single phonetic processor and that correct output from that

processor is facilitated if the two messages have phonetic features in common.

At the same time, they suggest that inhibition of the ipsilateral signal in

the perception of dichotically presented speech may occur during or immediately

before phonetic analysis.

3Superiority of the right hemisphere in auditory pattern recognition has

so far been shown only for nonspeech patterns. The possibility of left-

hemisphere superiority in the analysis of patterns peculiar to speech (such

as formant transitions), due to its possession of specialized auditory

feature processors, cannot be excluded. This possibility is currently

being investigated experimentally at Haskins Laboratories. In the present

account, we are tentatively assuming, on the basis of the cited dichotic

work with nonspeech patterns, that the left hemisphere is inferior in the

resolution of conflicting ipsilateral and contralateral auditory patterns.

3
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An Auditory Analogue oi the Sperling Partial Report Procedure: Evidence

for Brief Auditory Storage*

++ +++
Christopher J. Darwin Michael T. Turvey, and Robert G. Crowder

ABSTRACT

Four experiments are reported on the partial report of material

presented auditorily over three spatially different channels. When

partial report was required by spatial location, it was superior to

whole report if the cue came less than two (Exp. I) or four (Exp.

II) seconds after the end of the stimuli. When partial report was

required by semantic category (letters/digits), the relation be-

tween it and whole report depended on whether the subject was asked

also to attribute each item to its correct spatial location. When
location was required, partial report was lower than whole report
and showed no significant decay with delay of the partial report
indicator (Exp. III), but when location was not required, partial

report was superior to whole report for indicator delays of less

than two seconds (Exp. IV). This superiority was, however, much

less than that fout,.d when partial report was required by spatial

location. These results are compatible with a store which has a

useful life of around two seconds and from which material may be

retrieved more easily by spatial location than by semantic category.

INTRODUCTION

The concept of brief sensory storage has played a central role in recent

discourse on the nature of human information processing (e.g., Neisser, 1967;

Haber, 1969; Hunt, 1971). The proposition is that sensory data is initially
represented in a literal, labile form for a brief duration during the course

of conversion into a relatively more persistent, categorized form.

The sensory store which has received the must attention, and which con-

sequently we know most about, is in vision. The characteristics of that store,

called iconic by Neisser (1967), have been isolated via the delayed partial-

sampling procedure of Sperling (1960) and Averbach and Coriell (1961).

Paper to appear in Cognitive Psychology.
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Essentially this procedure involves presenting simultaneously an overload of

items, usually letters or digits,in a very brief tachistoscopic exposure

which is followed after a similarly brief period of time by a probe or indi-

cator designating which element or subset of elements the subject has to

report. Despite the fact chat the display load generally exceeds the memory

span, if the indicator occurs soon enough after the display the subject can

give a highly accurate report of the specific element(s). As demonstrated

by Sperling (1960) this delayed partial-sampling procedure shows the subject

has far more information available than caa be reported by the memory-span,

or whole-report, technique. Presumably the information tapped by the partial

report exists in a storage medium oi such brevity that the memory-span, or

whole-report, technique is too slow to reveal it. The superiority of partial

report over whole report declilles rapidly with delay of indicator. Estimates

of the decay time of iconic memory inferred from the decline in accuracy of

partial reports are of the order of 250 msec to several seconds depending on

the prevailing luminance conditions (Averbach and Coriell, 1961; Averbach

and Sperling, 1961; Keele and Chase, 1967).

The proposition that iconic memory is literal, or precategorical, re-

ceives support from the sorts of selection criteria which allow for effic-

ient performance in the delayed partial-sampling task. In the original

experiments of Sperling (1960) subjects were presented with an array of

several rows of letters or digits. The delayed indicator specified report

by row or column. Partial report at brief delays of the indicator was su-

perior to whole report demonstrating that the spatial properties of the input

were available in the iconic representation. However, in one experiment

Sperling used a stimulus array consisting of letters and digits in':ermixed

and cued for partial report by category, i.e., report the letters or report

the digits. In this instance partial report was not superior to whole report,

suggesting the distinction between letters and digits is not available at the

level of iconic memory. Such a distinction is based on a derived property

of the stimulus. Presumably the time required to categorize a particular set

of physical characteristics as representing an item belonging to the class

"letters" or "digits" is considerable in the context of iconic memory. In

contrast, superior partial report over whole report can be clearly demon-

strated when the criterion for selection is brightness, size (Von Wright,

1968), color (Clark, 1969; Von Wright, 1968), shape (rurvey and Kravetz,

1970), or as already indicated, location (e.g., Sperling, 1960). These

data demonstrate that we are able to select or ignore items in iconic memory

on the basis of their general physical features. We cannot, however, with

the same efficiency select or ignore items on the basis of their derived

properties. All this speaks to the precategorical nature of iconic memory.

The investigation of the analogous sensory register in the auditory

system has been conducted along somewhat different lines. The starting point

for one approach (Crowder and Morton, 1969) has been the pronounced recency

effect in the recall of serial lists presented in the auditory mode. That

the recency effect is tied to the auditory modality and not to a subsequent

communal short-term categorical store is shown by the fact that it is abolished

by a redundant auditory suffix (Crowder and Morton, 1969) but not by a re-

dundant visual suffix (Aorton and Holloway, 1970). Moreover, this suffix

effect does not occur with delay of the suffix beyond 2 seconds (Crowder,

1969). These results serve to define a brief auditory store which lasts a

little longer than iconic memory. Moreover, it appears that material is

held in this store in a form in which only relatively crude attributes of

s
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the stimulus are distinguished. Whereas the (ronceptual class to which the

suffix belongs is unrelated to the size of the suffix effect (on recency),

the physical channel over which the suffix ocCurs (voice quality, spatial

location) is important. Nonspeech suffixes Vave no effect.

These results suggest that the informatpn is not stored in an alpha-

numerically categorized form, although it coidd perhaps be handled, if less

Ielegantly, without recourse to such a prelinguistic store.

An auditory analogue to the Sperling procedure could provide a
ucon-

verging operation" on the problem of the form of auditory storage.

Moray, Bates, and Barnett (1965) have Ehown that after multichannel

auditory stimulation, partial report of one channel is relatively superior

to whole report. Although their experiment used from one to four items on

up to four different input channels, only one time delay was used and only

one mode of recall (spatial location). It Ls thus not clear whether the

superiority they obtained for partial report is simply attributable to output

interference.

The experiments reported here use a si.milar paradigm to that employed

by Moray et al. but explore the effect of itime delays on both partial and

whole report and of requiring report by spatial location and/or by category.

EXPERIMENT

This experiment presented two consecutive digits simultaneously on each

of three different channels and cueri partial report with a brief tone 0, 1,

2, or 4 seconds after the stimuli.

Method

The basic material for this experiment was three sets of the digits, one

through ten, synthesized on the Haskins parallel formant synthesizer after

retouching the output from a speech-synthesis-by-rule program (Aattingly,

1968). Each set was synthesized at a different fundamental frequency; two

sets had formant values appropriate to a man's voice, and the third, values

appropriate to a woman's. The fundamentals were within the appropriate adult

sex ranges, and each digit lasted 250 msec. Using a computer-controlled

pulse-code modulation system (Cooper and Mattingly, 1969) which mixed appro-

priate digits and simultaneously output two different signals, an experimental

tape was made up so that on each trial the subject heard six different digits

over stereophonic headphones. These digits appeared to come from three differ-

ent spatial locations, left, middle, and right, the two digits on any one

channel arriving simultaneously with the two digits over the other two channels.

Throughout the whole experiment the same voice appeared on the same channel

(the female voice was in the middle).

Twenty different six-digit combinatio

pearing in the same spatio-temporal patter

digits a 19-msec, 2-kHz tone appeared at o

tone came either immediately after the end

or 4-second delay. Each digit combination appeared once with the twelve

possible cone conditions (3 locations x 4 delays) to give a basic set of

1 7

ns were used, each combination ap-

n. At some time after thessix

ne of the three locations. This

of the stimulus or after a 1-, 2-,
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240 trials. These were randomized into ten blocks of 24 trials each so that

each half block had one of each tone condition and each block at least one

and no more than two of the same digit combination. The intertrial interval

between a tone and the next stimulus was 10 seconds.

The sifajects (four Yale undergraduates) heard this tape under three

different instruction conditions: whole report, partial report, and.delayed

whole report. For whole report they had to write down all six numbers as

soon as they wished, being sure to write each number in a column which as-

signed it to its correct spatial location. They were told (truthfully) that

a correct digit in the wrong location would be scored as wrong. For the

partial-report condition they had to wait for the tone and then write down

the two digits which occurred on that channel. For the delayed whole report

they again had to wait for the tone and then write down all the digits, start-

ing with those on the tone's channel, attributing them to their correct loca-

tions. For all three conditions they were told that within a particular

channel it did not matter in what order they wrote down the two digits. In

this and subsequent experiments they were told to guess, if not sure, to make

up the required number of partial- and whole-report items.

All subjects started with five blocks (each of twenty-four trials) of

whole report. They then took a total of twenty blocks of partial report and

ten blocks of delayed whole report, alternating ten on partial with five on

delayed whole. Three subjects st.Trted this alternation with partial and one

with delayed whole. All subjects finished with a further five blocks of whole

report. They were tested individually in a soundproof chamber in about four

sessions of about an hour.each spread over a two-week period.

Results and Discussion

Responses were scored as correct in the two whole-report conditions only

if they were attributed to their correct channel. For the partial report the

scores were multiplied by three for comparison with the whole-report scores.

The results are displayed in Figure la. The bar on the right o the figure

shows the whole-report performance (2.94 items). The partial- and delayed

whole-report conditions are shown as a function of the delay of the indicator.

The partial-report scores decayed to and the delayed whole-report scores rose

to an asymptotic value of about th-ee items, both reaching this value by about

2 seconds. Figure lb shows the difference between the partial- and the delayed

whole-report scores, again as a function of indicator delay. When the indicator

was given immeliately after the stimulus, partial report was superior to "delay-

ed" whole report by about 0.4 items. With a one-second delay this difference

was less than 0.2 items, and by 2 seconds it had vanished. An analysis of

variance on the partial- and delayed whole-report scores showed a significant

interaction of indicator delay with report condition [F(3,9) = 6.8; RAC.025)].

The two main terms were not significant. Separate analyses of variance on the

partial- and delayed whole-report scores showed only marginal evidence .(2.4.1.1)

for their change with time. Some justification is therefore needed for taking

the delayed whole-report condition, rather than the regular whole-report, as

the relevant comparison for partial report. To minimize any masking of the

stimuli, the indicator was presented at a relatively low intensity. This made

it rather difficult to detect, particularly in the zero-delay condition. Com-

pared with the whole-report condition in which the subject could ignore the

tone, the partial-report condition imposes an additional perceptual burden,
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which possibly impairs perception of the digits. In the delayed whole-report
condition, however, the subject has to perform exactly the same operation on

the indicator (detect it and identify which channel it is on) as in partial

report. Particularly for short iniicator delays then, the partial-report
condition may be underestimating the subjects' abilities relative to the

whole report, but not relative to the delayed whole report.

The increase in delayed whole report with increasing indicator delay

resembles the finding by Crawford, Hunt, and Peak (1966) that recall of

material that could be "chunked" improves as more time is allowed for or-

ganization before recall. Similar principles may be operating here, although

perhaps at a different level of organization (cf., Hunt, 1971).

Although the results of this experiment are complicated by the varia-
tion in delayed whole-report scores and the magnitude of the advantage for

partial over whole report is small (.4 item), there is sufficient indication

of some form of transient memory to warrant further work.

EXPERIMENT II

The next experiment incorporates the following changes: (a) a visual

indicator to avoid some of the difficulties encountered with the auditory

one; (b) natural speech, intentionally poorly synchronized across channels,

to help channel separation; (c) nine items instead of six to attempt to in-

crease the magnitude of the effect; and (d) a mixture of digits and letters.

Method

The nine numbers, one through ten (amitting disyllabic 7), and the nine

letters, BFJLMQRUY, were randomly assigned to twenty, nine-item stimuli
(three items on each of three chanLels) with the following restrictions: (1)

each channel of each stimulus contained two items of one category and one

item of the other; (2) each stimulus had four items of one category and five

of the other; (3) each category was equally represented over all twenty stim-

uli; (4) between stimuli, each position on each channel contained each item

at least once.

This then gave a set of twenty main stimuli, each of which had three
"mini-lists" of three items corresponding to a particular channel. For ex-

ample, one of the stimuli had BU3 on the left channel, 523 on the viddle,

and 8F6 on the right. Each of these sixty, three-item mini-lists lias re-
corded as a single continuous utterance by a native speaker of British English

at a rate of three items per second. These recordings were then assembled
into a tape similar to that used in the first experiment, but without any

auditory indicator. One other difference was that a tone appeared 3/4 second

in front of the stimulus to act as a warning to the subjects and to trigger

the timing apparatus. The interstimulus interval on the tape allowed for a

10-second pause between the indicator and the next stimulus. The assignment
of partial report conditions to the twenty stimuli was done in the same way

as in the last experiment, giving ten blocks of twenty-four trials. Only

partial and regular whole report was used.

The indicator was a slide with a vertical black bar on the left, middle,

or right, which was projected onto a screen front of the subjects. The
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four delay conditions and the average whole-report value gave highly signi-

ficant differences for 0, 1, and 2 seconds'delay (2. < .001), all twelve

subjects showing the effect for all three conditions. As suggested above

there was no significant difference between the 4-second delay condition

and whole report [t(11) = 1.6; .1 > p > .05], eight subjects showing superior

partial report and four showing superior whole report. Whatever, then, is

responsible for superior partial over whole report loses its effect if the

indicator is given 4 seconds after the end of the stimulus.

The other interesting feature of the data is the effect of item position

in each "mini-list." The last item was better recalled than the first two.

This cannot be attributed to response bias since the stimuli were so con-

structed that each item was about equally represented at each list position.

Nor can this advantage for the last item be attributed simply to a shorter

time elapsing between the item being presented and the indicator appearing.

To see this, look again at Figure 2. Compare for example the performance

on the third item at 1-second delay (5.34 items) with that on the second item

with zero delay (4.36 items). Here the time elapsing between stimulus and

indicator is greater for the condition that shows better recall. The relevant

difference appears to be that in the case of the second item there is another
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item presented immediately after it, while for the third item there is a

helpful silence (Aaronson, 1968). By contrast, the second item does not

exert a similar effect on the first item, which is in fact recalled in-

significantly better than the second. It is unlikely that these effects

are due to the intelligibility of the individual sounds, since the editing

procedure used to make each mini-list the same duration tended to chop off

the extremes of the list and so to impair the first and last items relative

to the middle one. Ochers have reported marked recency effects in the re-

call of the unattended channel in dichotic listening experiments (Bryden,

1971; Murray and HitchCock, 1969). Murray and Hitchcock find, using a

probe technique, that recall of the last item on the unattended ear is

malkedly superior to that of previous items. We would, however, doubt the

validity of inferring a specific decay time for auditory memory from this

result since, as we have shown here, the presence of an interpolated item

is more detrimental to recall than is a delay of more than 2 seconds. Both

interference and decay appear to be potent factors in the temporal degra-

dation of auditorily input material.

Why was the magnitude of the advantage for partial report so small com-

pared with the large advantages evident in the visual case? The most plausi-

ble reason is uncertainty as to where items had occurred. Many subjects ex-

pressed difficulty in hearing the middle channel as a separate source and,

although no tests were run with the cue given well in advance of the stimuli,

it is very likely that a considerable number of errors would have been made.

By contrast, in the visual modality performance is very good with precuing

by location (Eriksen and Collins, 1969). If the stimuli are difficult to

distinguish along the dimensions used to cue the partial report, selection

would be less efficient than if they were readily distinguished. Greater

superiority for partial over whole report may be obtainable with different

voices on the three channels to make them more discriminable.

EXPERIMENT III

The results of Experiments I and II functionally define a store in which

material is held for about 2 seconds, though the form in which the material

is held remains unclear. From the data presented here there is, in fact, no

direct evidence that the store is specific to aud'torily presented material.

Averbach and Sperling (1961) report, for example, that partial report of visual

material remains superior to whole report for longer than 2 seconds if dark

pre- and postfields are used. With light fields they find a much more rapid

decay on the order of 250 msec, so the store that they identify must have

some component which is sensitive to the purely visual parameters of the stim-

ulus situation. Unfortunately, we have no evidence that the store we have

identified for auditorily presented material is similarly restricted by audi-

tory stimulus parameters.

A lever that has been applied to this question for the visual store can

also be applied here. Partial report is superior to whole report in the visual

case only when report is cued along some "uWsical" dimension of the stimulus.

Recall by higher-order categories shows very little advantage for partial over

whole report, and this, as noted above, has been taken to imply that the items

are not classified by higher-order categories in the iconic store. We can ask

a similar question in the auditory case. Does recall by category give an ad-

vantage for partial over whole report similar to that obtained for recall by

spatial location? The next two experiments provide some data on this question.
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Method

Part of the tape for Experiment II was used with eleven new subjects.

This time, however, only two different indicators were used. A vertical bar

to the left indicated that only the numbers were to be recalled and a bar to

the right, only the letters. Because of this reduction in partial-report

conditions, only two-thirds of the original tape was used, with whole and

partial report distributed in the same proportion as in the last experiment.

The subjects were given five blocks of practice as before.

In this partial-report condition they were told to write down only the

particular category denoted by the indicator and to put the items down in

their correct location. In effect they were answering the question "What

were the numbers, and where were they?" In the whole-report condition they

were given identical instructions to those of the previous experiment. They

did not have to recall the items in any particular order, so long as they

attributed each item to its correct location.

Results

The analysis of variance showed a significant main effect of item position

in a list as in the previous experiment [F(2,20) = 19.16; p <:.0011--again with

#3 superior to #1 and #2--but no main effect of indicator delay [F(3,30) =

2.18; 2.). .1] nor any significant interaction between it and item position

[F(6,60) = 2.20; .1 . )..05]. Figure 3a shows the data averaged over item

position. The striking-difference between this figure and Figure 2 is that,

although the whole report was almost identical to that of Experiment II (4.2

items), partial report tended to be lower than whole report. This is sig-

nificant for the average of the partial report conditions [t(10) = 2.36; 2_ <

.025]. Clearly report by category is, in this situation, an inefficient mode

of recall, and one that shows little variation with indicator delay.

Discussion

These results raise two questions: Why was there no change in partial

report with time? and Why was partial report less efficient than whole report?

The absence of decay with time, of course, supports the hypothesis that seman-

tic category information is not available in the store whose decay leads to

the decline in partial report. But, unfortunately, other reasons could be

advanced for the absence of temporal decay. It could be that, since the trans-

formation between the indicator and the particular selection required is more

complex in this experiment than in the previous one, the subject requires

more time to perform it and consequently can tap the transient memory only

after it has suffered considerable decay (cf., Eriksen and Collins, 1969).

Against this we can offer informal observations on the subjects: tney gen-

erally started to make their response at least within a second of the indicator

appearing on the screen and, when questioned after the experiment on the

difficulty of identifying the required category, considered it a trivial im-

position. Doubtless it required time and effort in the early stages of the

experiment, but it probably became automatic by the end of the practice period

of 120 trials. Almost no errors were made in deciphering the indicator, and

they were scored as if the chosen category werethe correct one. Comparison

of visual partial-report procedures (Averbach and Coriell, 1961; Sperling,

1960) shows that for trained subjects the estimate of iconic storage decay

22 94



P
a
r
t
i
a
l
 
a
n
d
 
W
h
o
l
e
 
R
e
p
o
r
t
 
b
y

L
e
t
t
e
r
/
D
i
g
i
t
 
C
a
t
e
g
o
r
y

w
h
e
n
 
L
o
c
a
t
i
o
n
 
i
s
 
R
e
q
u
i
r
e
d

i
n
 
E
x
p
e
r
i
m
e
n
t
 
I
I
I

'T
i

A

4
.
0

0
1

S
E
C
O
N
D
S
 
D
E
L
A
Y

4
w

ho
le

re
po

rt

P
a
r
t
i
a
l
 
a
n
d
 
W
h
o
l
e
 
R
e
p
o
r
t
 
b
y
 
L
e
t
t
e
r
/
D
i
g
i
t

C
a
t
e
g
o
r
y

w
h
e
n
 
L
o
c
a
t
i
o
n
 
i
s
 
n
o
t
 
R
e
q
u
i
r
e
d

i
n
 
E
x
p
e
r
i
m
e
n
t
 
I
V

6
.
5

E
3

6
.
0

5
.
5

1
2

4

S
E
C
O
N
D
S
 
D
E
L
A
Y

N
o
t
e
:

M
a
x
i
m
u
m
 
p
o
s
s
i
b
l
e
 
s
c
o
r
e

i
s
 
n
i
n
e
 
i
t
e
m
s
.

w
h
o
l
e

re
po

rt



does not depend on whether the indicator used is visual or auditory, although
undoubtedly the auditory indicator involves a more complex transformation
than the visual and the estimated decay time is very much shorter than here.
A logical objection to the problem of when the indicator information is used
must remain, but we doubt that it is of great practical significance.

A more substantial objection is that partial report by category required
recall of more material (4.5 items) than recall by channel (3 items). To see
the effect of this increase in partial-report size, consider the extreme case
of "partial" Jport of all nine items. Here, of course, there would be no
advantage for partial report over whole since they are identical. Neither,
by analogy with the visual case (Averbach and Sperling, 1961), would there be
any decay with time. The absence of any significant decay in partial report
1-, this experiment could be attributed to this factor. As a counter to this .

algument, we can compare the partial report curves obtained by Sperling (1960)
and Averbach and Coriell (1961); the former required partial report of three
or four letters respectively from a nine- or eight-letter array, whereas the
latter required report of only one letter from a sixteen-item array. Despite
this large difference in the fraction of material required in the partial
report, similar estimates of the useful life of iconic memory were derived.
The comparison with vision here may not be valid since, for example, read-
out times from the transient store into a more permanent form may be more
rapid in vision than in audition.

Why was partial report worse than whole report? In both conditions sub-
jects had to asslgn items to their correct spatial location, all nine items
in the whole report but only fhose Of a particular category in the partial.
For the partial condition, an explicit decision about an item's category is
required, a decision which is not necessary for the whole report. Paradoxi-
cally, subjects would have done better to have written a whole report and
then deleted the inappropriate category, since conscious omission appears to
involve effort which can impair memory of items not already committed to paper.
For partial report of more than one item this extra cognitive load could in-
fluence the decay of partial report since items would be output at a slower
rate (cf., Posner and Mitchell, 1967). Perhaps, then, this extra interrogation
of an item's category is responsible for the absence of a decline in partial
report with timc, not because category information is not available in the
store responsible for the decline but because read-out from that store is
slower when information on two attributes of an item (location and category)
is required rather than information on just one (location). If this were in
fact the case, and category information were as accessible as location infor-
mation, we would expect to find decay of partial report, when cued by category
with the location of an item, irrelevant. Accordingly,the next experiment
looks at recall by category when location is not required.

EXPERIMENT IV

Method

The same tape and slides were used as in the last experiment. Eight new
subjects were given instructions and practice similar to those of the previous
experiment the only difference being that they were not told to remember or
report the location of a particular item. Their answer sheets were divided
into two columns; for the whole report they wrote the numbers on the left and
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the letters on the vight, for the partial they wrote the cued category in

the left-hand column. They were told to average about 4 1/2 responses per
trial for the partial report and to vTite all nine items for the whole report,
guessing if necessary.

Results

Partial report is now at approximately the same level as whole report.
No breakdown of the scores was made in terms of item position, and the
average of the three positions is shown as a function of indicator delay

in Figure 3b. The analysis of variance showed a significant effect of indi-
cator delay [F(3,21) = 3.97; g 4:.025]. However, the magnitude of the effect
was very small; the difference between the whole report and the zero-delay

partial condition was only 0.25 items. This was significantly smaller than
the 0.71 items found in Experiment II for partial recall of the same material
by location rather than by category [t(18) = 5.73; 2 4c 00011. Partial report

was significantly greater than whole report for the zero ard I-second delay
conditions (2. 6.01) but not for the 2- and 4-second conditi..ns (2> .1).

Discussion

When partial report was required by semantic category, there was some
advantage over whole report for indicator delays of a second or less. How-

ever, this advantage was Agnificantly less than when partial report was

required by spatial location. As we suggested in the discussion of the
previous experiment, the magnitude of the partial-report advantage over
whole report depends anis aequis on the relative number of items required
for partial report. We cannot tell on the evidence presented here whether
the much smaller advantage under recall by category is due to the larger
number of partial response items or to the relative ease of withdrawing
items from a decaying store according to different stimulus attributes.

The lower partial report over wilole report obtained in Experiment III
is clearly not attributable simply to the fact that recall was cued by
category. Rather it must be due to the fact that recall required memory
for two attributes of the stimulus rather than one. The small, though

significant, decay found in this e:.periment 7nggests that this may also
have been responsible for the absence of any decay in Experiment III.

GENERAL DISCUSSION

The evidence presented in these four experiments demonstrates some
transient memory for auditorily present,..d material, from which we have
reason to belie e retrieval is more easily made according to the dimension
of physical location than according to an item's semantic category. The

time limit on the store identified in these experiments is similar to that
reported from other experiments in audition. Treisman (1964) reports that
the identity of two messages dichotically presented is noticed when the non-
shadowed message leads only if the temporal disparity is less than about
1 1/2 seconds. When the shadowed message leads, the critical time is around

4 seconds. One disadvantage of the design of our experiments is that
there is no attempt to control, as in Treisman's experiments, the
attentional strategy of the subject. Nevertheless our figure of something

greater than 2 seconds but less than 4 is conveniently bracketed by Treisman's
2 7
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two estimates. It is perhaps more likely that our store has more in common
with the 1 1/2-second condition ill Treisman's experiments since there was a
silent interval after our to-be-remembered sounds which perhaps extended its

useful life. Glucksberg and Cowen (1970) give a figure of less than 5 seconds
for memory for digits embedded.in prose on the rejected channel of a shs.dowing

task, a figure compatible with a similar experiment by Norman (1969)9 which

used a string of six digits rather than an embedded digit. They comment also

that their subjects were never aware Chat a digit had occurred unless they
could name the particular digit; they had no general awareness of the occur-
rence of a member of the class of items required, neither were context effects

any help in detection. These observations correspond well with Treisman's
findings and with our own findings of less efficient partial report by semantic
category than by spatial location.

The presumed absence of semantic attributes, however, cannot serve to
distinguish between material held in some articulatory/phonetic code and
material held in some less processed auditory form. The only argument
favor of the latter, and it is not a strong one, is that the lower limit on
the detection of periodicity for repeating white noise is of the order of

1 second (Guttman and Julesz,1963),a time which is not incompatible with

our estimate, considering the finer auditory resolution required to distin-
guish two sections of statistically identical white noise compared with that
required to distinguish between eighteen acoustically very different items.
It is perhaps significant that in the first experiment reported here, which
used synthetic speech and probably thus require better auditory resolution,
the critical time was apparently less than 2 3econds.
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Stimulus Versus Response Competition and Ear Asymmetry in Dichotic Listening

C.J. Darwin
*

Haskins Laboratories, New Haven

The origin of the ear asymmetry effect in dichotic listening has been

attributed to a number of factors: perception (Kimura 1961a,b), memory

(Inglis, 1962; Oxbury, Oxbury, and Gardiner, 1967) and av:ention (Treisman

and Geffen, 1968) all being espoused as candidates. Recent woik on the

recall of dichotically presented nonsense syllables has reinforced Kimura's

original hypoelesis that the effect originates in a difference in the effi-

cierc:, with which the tum hemispheres perceive auditory material (Darwin,

1971a; Renard, 1971; Studdert-Kennedy and Shankweiler, 1970). Whether or

not a right-ear advantage appears is not entirely predictable simply in terms

either of the acoustic features in the stimulus presented to the subject or

of the phonetic response category to whose perception they contribute, but

rather in the rAationship between the two (Darwin, l971a). If short-term

memory variables were paramount in determining the ear difference effect,

we would expect the phonetic category to be the only relevant variable.

This paper looks at the question of stimulus and response factors as deter-

minants of the right-ear advantage from a slightly different angle, that of

determining the conditions of contralateral stimulaticn under which the effect

occurs.

It is generally true that ear differences are Aptained more readily under

conditions of dichotic presentation than monotic. The most convincing evi-

dence of this comes from work on commissurotomized patients who can report

perfectly digits presented to the left ear when only the left ear is stim-

ulated but can reporc very little from the left ear when different digits

are played simultaneously to the opposite ear (Milner, Taylor and Sperry,

1968), The extent of the suppression of the left ear depends on the clarity

of the signal on the right ear; the greater the distortion, the less from the

left ear is recalled (Sparks and Geschwind, 1968).

Work with normal subjects also shows that the nature of the competing

stimulus is important. In otherwise similar paradigms, Kirstein and

Shankweiler (1969) find a reliable right-ear advantage for stop-vowel syl-

lables when they are opposed by another stop-vowel syllable, whereas Corsi

(1967) failed to find any right-ear advantage for nonsense syllables opposed

by white noise. Darwin (1971b) also found no right-ear advantage for stop-

vowel syllables opposed by a random noise. Contralateral white noise, how-

ever, can enhance the ear difference for a two-click threshold task (Murphy

and Venables, 1970). The relationship between the signals on the two ears,

rather than the absolute nature of the signal, thus appears to be the impor-

tant variable.

For ear differences to be revealed there must be both a relevant differ-

ence between the hemispheres and sufficient functional decussation to ensure

Now at the University of Sussex.
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that each ear is projected predominantly to the opposite hemisphere. Without
a competing stimulus, that is, under monaural stimulation, the latter con-
dition is presumably not satisfied (Kimura, 1961a,b). If such competition
is necessary to ensure adequate functional decussation, we might presume
that this competition is only necessary in principle up to the stage of proc-
essing at which the hemispheres become functionally distinct, since after
this stage the two input signals can be distinguished by this treatment rather
than simply by their ear of arrival. If decussation were not sufficient up
to this first stage of.hemispheric differentiation, no distinction be4.:ween
the hemispheres at this or any subsequent stage would be detectable in the
response,

If, indeed, differences between the hemispheres first appear at some
perceptual level, rather than at a level associated with the organization of'
the response, we might expect that,for ear differences to be obtained, the
competing stimulus need only be in the same perceptual class as the stimulus
on the other ear, rather than actually in the response class used in the
experiment.

Method

The response set for this experiment consisted of the stop consonant
syllables /ba, pa, ga, ka/. One of these sounds was always present on the
ear which the subject attended and was asked to report. The other ear received
one from a set of sounds. Which set was used constituted the experimental con-
dition. The three sets'were

1. /ba, pa, ga, ka/ (same as response set)
2. /ba, pa/ (two sounds from response set)
3. /da, ta/ (two sounds not in response set but in same per-

ceptual class).

In the first set each sound on the attended ear was paired with every
other sound in the response set except itself an equal number of times. The

secc,nd and thi-d sets,however,were restricted so that the two sounds in a

dichotic pair always differed in voicing. The sounds used were prepared on
the Haskins parallel formant synthesizer and assembled into a dichotic tape
using a special computer program (Mattingly, 1968).

The experimental tape contained one block of forty-eight trials for each
stimulus condition. One ear was attended for half a block and then the other
ear for the remainder c the block. Each block was taken twice in each of
two headphone orientations by each subject. The ordering of the blocks and
which ear was attended was approximately counterbalanced over subjects (four
of the six block orderings had six subjects and two had four). Thirty right-
handed undergraduates, none of whom had previously taken part in a dichotic
listening experiment, participated in the experiment.

The subjects were introduced to the sounds of the response set and given
some practice at identifying them singly. Only those who did better than
75 percent correct on the single sound identification were allowed to proceed
to the dichotic test. For the dichotic test subjects were told that they
would get two different sounds one in each ear, that they were to attend to
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a given ear for a sequence of twenty-four trials, and that the sound in that

ear would always be one of /ba, pa, ga, ka/, although the sound in the other

ear might be something else. They were not told which stimulus condition

they would receive nor that the sounds /da, ta/ were also being used in the

experiment.

Results

Because of the restriction on the voicing dimension for stimulus condi-

tions 2 and 3, the results were scored only for place of articulation; voicing

of both the stimulus and the response was made irrelevant. Confusion matrices

(2x2) were constructed for each subject and each stimulus condition, and from

these matrices simple percent correct scores were calculated along with a

measure of the discriminability of place of articulation untainted by varia-.

tions in response bias between stimulus conditions. The measure used is

derived from Luce (1959) and is

loge406 = 4[p(R1/s1)p(R2/S2)/p(R2/S1)p(R1/S2)].

This measure is almost identical to the d' of signal detection theory but is

more readily applicable to larger matrices and is computationally more conven-

ient (Haggard, 1968).

The percent correct values appear in Table 1 and the logNain Table 2.

Table 1. Percent correct for recall of place of articulation of the stops

when opposed by different stimulus sets.

Ear Opposing Set

bpgk bp dt Mean

left 64.6 86.0 69.7 73.4

right 71.9 90.7 74.0 78.9

left + right 68.3 88.3 71.9 76.1

right - left 7.4 4.7 4.2 5.4

Table 2. Mean logeex for recall of place of articulation of the stops

/b,p,g,k/ when opposed by diffez.ent stimulus sets.

Ear Opposing Set

bpgk bp lt Mean

left .366 1.238 .670 .758

right .586 1.420 .822 .942

right + left .476 1.329 .746 .850

right - left .220 .182 .152 .184
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Friedman two-way analyses of variance across all three stimulus conditions

were not significant for right minus left ear scores either for the percent

correct (p > .2) or for loge:4(p ) .1). There was thus no significant varia-

tion in ear advantage over Ehe three stimulus conditions. Combining the data

from all three conditions gave a significant right-ear advantage for the per-

cent correct score (p < .01; 1-tailed Wilcoxon) and for the loge (p <.005;

1-tailed Wilcoxon). The performance level (right plus left ear scores), how-

ever,showedhighly significant variation on a Friedman test between the three

stimulus conditions on logeoc (p < .001). There was a significant difference

in right plus left ear scores between stimulus condition 2 and both 1 and 3

(p < .001). The subjects are thus reflecting some aspect of the change in

stimulus condition.

Since the first stimulus condition is somewhat periphera: to the main .

question asked by this experiment, a Wilcoxon T-test was 'scd to test whether

the ear difference is any larger for condition 2 than for condition 3. This

showed a quite insignificant trend in the opposite direction. Combining con-

ditions 2 and 3 gave a significant right-ear advantage an the logeoc scores

(p < .02; 1-taiied Wilcoxon) and on percent correct (p < .05; 1-tailed Wilcoxon).

Discussion

This experiment certainly gives no support to the hypothesis that the

competLng stimulus must be part of the response set for a right-ear advantage

to be obtained. Provided that the competing stimulus is from the same per-
ceptual class, it need not be part of the response set. Thus a plosive can

be an effective competing stimulus to another plosive even if it is not in

the response set; by contrast, noise is not a sufficient campeting stimulus.

This result does not, of course, say at what level between these two extremes

competition is effective. The result is quite compatible with the view that

the ear difference effect is primarily a perceptual phenomenon but is not so

readily explained by a view maintaining that only processes subsequent to

phonetic categorization are pertinent.

The significantly greater performance on condition.2 (two sounds from

the response set) than on either of the other two conditions suggests that

a more predictable stimulus is more readily ignored than a less predictible

one. This is, of course, confounded in the present experiment partly by the
ticular consonants used and partly by the voicing restriction in stimulus

conditions 2 and 3. However, the effect is a large one, has implications
for theories of attention,and warrants further research.
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The Effect of Temporal Overlap on the Perception of Dichotically and

Monotically Presented CV Syllables*

Robert J. Porter+
Haskins Laboratories, New. Haven

The concern of this paper is the lag effect. This effect, first ob-

served by Studdert-Kennedy, Shankweiler, atui Schulman (1970), may be sum-

marized as follows: if two stop consonant,vowel syllables are presented

dichotically, with an onset asynchrony of f5 to 150 msec, subjects identify

the temporally lagging consonant more accurately :_han the leading. That

is, most errors are made in identifying the leading syllable of the dichotic

pair. Dichotic presentation is essential for demonstrating the effect, for

if the same temporally offset pairs are electronically mixed and presented

to the same ear, then the leading syllable is identified more accurately

than the lagging one. Studdert-Kennedy et al. suggested that the different
effects for dichotic and monotic presentation might reflect the different

influences of central and peripheral masking. The basis for their inter-

pretation is diagrammed in Figure 1 for two syllables with an onset asynchrony

of 75 msec. Each syllable is represented by a rectangle divided into two

portions: the obliquely-striped initial portion represents the location of

the principle acoustic cues for the differing initial consonants; the final

horizontally shaded areas represent the longer vowel portions which are the

same for the two syllables. (The acoustic segmentation of consonant and

vowel is intended for illustrative purposes cnly.)

Studdert-Kennedy et al. suggested that dichotically, at the top of the

figure, the lagging syllable, which arrived centrally over a peripheral path-

way separ-te from that of the leading, soutehow disrupted the processing which

had been initiated by the leading signal, information concerning the leading

signal being lost as a result of this central disruption or "masking." Differ-

ent factors were suggested as operating i4 the monotic case. Here, as is re-

presented at the bottom of the figure, the two syllables physically overlap

as they travel the same peripheral pathway. This overlap provides a sufficient

condition for the peripheral masking of the lagging syllable's consonantal

information by the simultaneously occurrilig overlapped vowel portion of the

leading. Studdert-Kennedy et al. suggestod that this peripheral masking of

the lagging syllable by the leading overrode or precluded their central inter-

action and resulted in the observed advantage for the leading signal. Con-

ceived in this way, the overlap of the sigvals is critically important for

Paper presented at the 81st Meeting of ttle Acoustical Society of America,

Washington, D.C., 20-23 April 1971.

+
Also University of Connecticut, Storrs.
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demonstrating the monotic lead advantage. In the present study, the effect

of eliminating the overlap was investigated by using syllables only 75 msec

long and thus nct overlapping at asynchronies of 75 msec or more.

Stimuli and tapes were prepared using the Haskins Laboratories computer-

controlled parallel formant synthesizer. The stimuli were the six dichotic

pairings of the stop-vowel syllables /ba, da, ga/. Six onset asynchronies

of 0, 10, 25, 50, 75,and 100 msec were used. Two dichotic tapes were con-

structed: in one, the syllables were 390 msec long and thus over" -,ed at

all asynchronies; for the second test, the syllables were 75 mse 7 and

thus did not overlap at the two longest asynchronies of 75 and 1L dec.

The 10-msec asynchrony was not included in the 75-msec syllable test. Cor-

resnonding long and short syllables were acoustically identical except for

the duration of the final vowels. In each test, the dichotic pairs and the

channel of the lagging syllable were appropriately counterbalanced with

asynchronies. Six subjects (three males) received each dichotic tape twice

on two successive days of testing. Following the dichotic tests on the

second day, the subjects received each tape once with the two channels elec-

tronically mixed and presented binaurally. Pilot work had indicated that

binaural presentation of the mixed channels did not yield results different

from those obtained monaurally. For all tests, subjects were told to identify

both consonants on each trial, guessing if necessary, and to record their

responses on specially prepared answer sheets.

The results for all subjects combined are presented in Figure 2. The

abcissa indicates the difference between the number of responses correct for

the lagging and the number correct for the leading syllables expressed as a

percent of the total number of syllables correct. Positive values indicate

a lag advantage; negative values, an advantage for the leading syllable. The

ordinate gives the onset asynchronies; the curve parameters are the experi-

mental conditions.

Considering first the overall pattern of result-, there is a clear sep-

aration of dichotic and binaural conditions. Dichotically, lag advantages

are seen; binaurally, the leading syllable has the advantage.*

Dichotically, there is no significant interaction between length of

syllable and degree of asynchrony. The scores for the shorter syllables

appear to be somewhat lower than those for the longer syllables. This differ-

ence is not, however, systematically related to the progressive reduction in

overlap with increasing asynchrony.

The decrease in amount of overlap has clear effects binaurally. There
is a significant interaction between length of syllable and asynchrony. Lead

The effects observed are generally smaller than those obtained in previous

stuc_es. This is probably due to the higher performance levels occasioned

by the higher probability of guessing the other member of the pair given

that one member is correctly perceived (p = .5). This is a consequence of
there being only three tokens (as contrasted with six in previous studies).

Subjects were aware of this fact and were told that the two syllables on
any trial would be different.
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advantages for the shorter syllables have essentially disappeared at asyn-

chronies Ar: 50 msec ( 25-msec overlap), whereas the lead advantages for

the longer syllables remain. A decrease in the amount of overlap would thus

seem to reduce or eliminate the lead advantage seen binaurally, presumably

because of the reduction in peripheral masking. These binaural results con-

form to subjects' postexperimental observations: with the longer overlapping

syllables, only the leading one was heard clearly; with the shorter syllables,

at 50, 75, and 100 msec asynchronies, both were heard. The results are per-

haps not too surprising.when we consider the fact that in rapid speech, con-
sonantal information may often be temporally concatenated to nearly the degree

that it is for these binaurally presented nonoverlapped short syllables.

The results do emphasize the interesting problem presented by the lag

effect. Consider the short 75-msec syllables presented dichotically at
75- or 100-msec asynchrony. It is tempting to interpret the observed ad-

vantage for the lagging syllable in terms of a limited capacity of the central

speech processor, that is, to suppose that the central processing initiated

by the leading signal requires a certain amount of uninterrupted time in order

to complete its necessary function. The untimely arrival of the lagging signal

for some reason interrupts this processing, and as a consequence, information

regariing the leading signal is lost. This account is not, of course, complete,

since when the same temporal conditions are imposed binaurally, both syllables

are processed with little difficulty. It is thus not simply the rapid temporal
concatenation of information which overloads the central processor but rather

the concatenation of information arriving over separate peripheral pathways.

Work in progress is directed at determining why and in what way signal trans-

mission over separate peripheral pathways places these unique constraints on

central processing.
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Auditory Evoked Potentials During Speech Perception

Charles C. Wood,
+

William R. Goff,44 and Ruth S. Day+++

ABSTRACT

Neural responses evoked by the same binaural speech signal

were recorded from ten right-handed subjects during two auditory

identification tasks. One task required analysis of acoustic

parameters important for making a linguistic distinction, while

the other task required analysis of an acoustic parameter which

provides no linguistic information at the phoneme level. In the

time interval between stimulus onset and the subjects' identi-

fication responses, evoked potentials from the two tasks were

significantly different over the left hemisphere but identical

over the right hemisphere. These results indicate that different
neural events occur in the left hemisphere during analysis of

linguistic versus nonlinguistic parameters of the same acoustic

signal.

The relation between an acoustic speech signal and its phonetic message

appears to be a complex and highly efficient code, which requires a special-

ized linguistic "decoder" for its perception (Liberman et al., 1967; Mattingly

and Liberman, 1969; Studdert-Kennedv et al., 1970; Liberman, 1970). Dichotic

listening experiments using normal (Kimura, 1961b,1964, 1967; Shankweiler and

Studdert-Kennedy, 1967; Curry, 1967; Curry and Rutherford, 1967; Kimura and

Folb, 1968, Darwin, 1969a,b; Day and Cutting, 1970a,b; Studdert-Kennedy and

Shankweiler, 1970) and brain-damaged subjects (Kimura, 1961a; Shankweiler

1966; Sparks and G2schwind, 1968; Milner et al., 1968; Schulhoff and Goodglass,

1969; Sparks et al., 1970) have further suggested that the specialized neural

mechanisms required for the perception of speech are lateralized in one cerebral

*Paper to appear in Science.
+Neuropsychology Laboratory, Veterans Administration Hospi
and Department of Psychology, Yale University, New Haven.

++Neuropsychology Laboratory, Veterans Administration Hospi
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hemisphere, usually the left. This interpretation is consistent with
clinical analyses of language disorders following brain damage 1 and may
be related to anatomical differences between left and right temporal lobes

(Geschwind and Levitsky, 1968). In a recent review of hemispheric special-

ization for speech perception, Studdert-Kennedy and Shankweiler (1970, p. 579)
concluded that "specialization of the dominant hemisphere in speech percep-

tion is due to its possession of a linguistic device....[W]hile the general

auditory system common to both hemispheres is equipped to extract the audi-

tory parameters of a speech signal, the dominant hemisphere may be special-

ized for the extraction of linguistic features from those parameters."

Despite the large body of behavioral and clinical evldence for special-

ization of one hemisphere in speech perception, there is no evidence which

clearly distinguishes neural activity specifically related to linguistic
processina from that which occurs during the processing of any auditory

stimulus.z Empirical evidence for such a distinction requires a direct

1
For a recent review see Geschwind (1970).

2
Three experiments concerning neural activity evoked by speech sounds have
been reported. Greenberg and Graham (1970) reported larger amplitudes of
the evoked potential's "largest amplitude spectral component" from left-
than right-hemisphere locations during a CV syllable learning task. No

statistical evidence was included to show that the obtained results differed
significantly from those expected by chance variation. Roth et al. (1970)
reported no significant differences in activity recorded at the vertex to
sense and non-sense" monosyllables. In a paper published after the pre-

sent experiment was submitted, Cohn (1971) reported "differential cerebral
processing of noise and verbal stimuli." Cohn's major result was a "prom-
inent pnsitive-going peak with a latency of around 14 msec in the right
brain derivation" in response to "click" stimuli generated by 10-msec pulses
but not in response to "single syllable words" generated and presented in
an unspecified manner. There are three major difficulties with the Cohn
experiment: 1) No statistical evidence was presented to demonstrate that
the obtained results differed significantly from chance variation. 2) Cohn's

"verbal" and "noise" stimuli differed in many acoustic parameters such as
duration, frequency composition, rise-time, total amplitude, and amplitude
contour. Differences in neural activity evoked by such stimuli could be
related to any or all of such acoustic differences, none of which need
have any direct bearing upon the issue of speech versus nonspeech perception
which Cohn wished to address. 3) It is possible that auditory evoked po-
tentials of 14-msec latency are of nonneural origin. In previous reports
of potentials recorded under conditions similar to those used by Cohn, the
shortest latency potentials recordable from the human scalp and considered
to be of neural origin do not occur until approximately 30 msec (Mast, 1965;
Ruhm et al., 1967; Goff et al., 1969). Potentials in the 14-msec latency
range have been considered to be nonneural artifacts (Bickford et al., 1964;

Mast, 1965; Goff et al., 1969).

An experiment by MacAdam and Whitaker (1971) dealt with the question of
hemispheric specialization of speech production. They reported slow poten-
tials, distributed largest over the left hemisphere, occurring up to 1 sec
before the production of polysyllabic words. Symmetrically distributed po-
tentials we7:e reportei before the produ41siion of similar nonspeech gestures.

%
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comparison of neural activity during linguistic and nonlinguistic process-

ing conditions with other sources of variation in neural activity elimin-

ated between conditions. We have therefore compared neural activity evoked

by the same consonant-vowel syllable during two auditory identification tasks:

one that required analysis of acoustic parameters which provide linguistic

information (Stop Consonant Task) and one that required analysis of acoustic

parameters which provide no linguistic information at the phoneme level

(Fundamental Frequency Task). For convenience, we shall use the terms "lin-

guistic and nonlinguistic parameters" to refer to those acoustic parameters

that do and do not, respectively, provide linguistic information at the pho-

neme level.

Stop Consonant Task. Subjects were required to indicate which of two

possible stimuli had occurred on each trial: /ba/ or /da/. The stimuli

were generated by the Haskins Laboratories parallel resonance synthesizer

and were prepared to be identical in duration (300 msec), initial fundamental

frequency (F0 = 104 Hz), frequency contour (falling), and intensity contour

(falling). Thus, the two syllables differed only in those acoustic cues

important tor distinguishing between voiced stop consonants, namely the di-

rection and extent of the second (Liberman et al., 1954; Delattre et al.,

1955) and third (Harris et al., 1958) formant tralsit ons. Stop consonants

were selected for the linguistic task since thx_y appear to be the most highly

encoded of all phonemes (Liberman et al., 1967; itctingly ad Liber,ran, 1969;

Studdert-Kennedy et al,, 1970; Liberman, 1970).

Fundamental Frequency Task. Again subjects were required to indicate

which of two possible stimuli had occurred on each trial. In this task,how-

ever, the two stimuli had identical linguistic information, namely formant

transitions appropriate for the syllable /ba/. They differed only in fun-

damental frequency: /ba/-low (initial Fo = 104 Hz) versus /ba/-high (initial

Fo = 140 Hz). Both stimuli were 300 msec in duration and had frequency and

intensity contours matched to those of stimuli in the Stop Consonant Task.

Variations in fundamental frequency were selected for the nonlinguistic task

since absolute fundamental frequency provides little or no linguistic infor-

mation at the phoneme level in English. Thus, the two tasks employed three

acoustic stimuli, with the syllable /ha/-low (initial Fo = 104 Hz) common to

both tasks and used for comparison of (yoked potentials. Spectrograms of

the three stimuli are shown in Vigure 1 arranged according to identification

task.

Ten right-handed subjects (ages 18-20) were each tested during two sep-

arate sessions.3 Both sessions consisted of six blocks of sixty-four stimuli,

three blocks each of the Stop Consonant and Fundamental Frequency Tasks. A

block of sixty-four stimuli contained thirty-two each of the two possible

stimuli for that task, presented in random order at 5-sec interstimulus

intervals. The two tasks were presented in alternating order during each

session. Five subjects began session 1 with the Stop Consonant Task and

session 2 with the Fundamental Frequency Task; the remaining five subjects

3Right-handed subjects were selected for this experiment since most are left-

hemisphere dominant for language. See, for example, Zangwill (1960), Branch

et al. (1964), Milner (1967), andipori and Rosadini (1967).
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began the two sessions in the reverse order. Subjects were required to

indicate which of the two possible stimuli they heard on each trial as soon

as possible following stimulus onset. In both tasks, subjects pressed

button 1 with the right index finger when they heard /ba/-low and button 2

with the right middle finger when they heard the other stimulus. Thus,

both identification tasks contained an identical acoustic stimulus (/ba/-low),

wilich occurred an equal number of times (thirty-two per run of sixty-four),

with equal presentation probability on each trial (p = .50), and which re-

quired an identical motor response (pressing button 1 with the right index

finger). Before session 1, subjects were asked to listen to the three

acoustic stimuli and report what they heard. ''.11 subjects correctly identi-

fied each of the three syllables. They were then allowed to practice each
task under conditions identical to those of the experiment until reaction
times were stable. All subjects made fewer than five errors per run of

sixty-four stimuli, and errors did not differ significantly between tasks.
Therefore error scores will not be considered.

Electrical activity was recorded from temporal and central 10-20 sys-
tem (Jasper, 1958) scalp locations over the left hemisphere (T3 and C3) and

from corresponding locations over the right hemisphere (T4 and C4), each
refe7cred to a linked-ear reference using siiver disc electrodes. Impedances
of all electrodes were monitored regularly during each session and were less
than 2.5 kilohms paired with the linked-ear reference. Particular care was

taken to equalize impedances of the two ear reference electrodes: in all

subjects both reference electrodes were equal at less thal. 3.0 kilohms, paired

with each of the other electrodes.

Subjects were seated comfortably in a sound-attenuating and electrically
shielded chamber illuminated at moderate intensity. EEG was recorded with a
Grass Model 7 polygraph using Grass Model 7P5A wide-band A.C. EEG pre-ampli-

fiers (system gain = 2 x 104) and was monitored visually throughout each run.
Half-amplitude low- and high-frequency settings were 0.3 Hz and 500 Hz, res-
pectively. Amplified signals were entered into a LINC computer for analog-
to-digital conversion and signal averaging. Sampling epochs were 490 msec

with 256 time points per epoch.4 The LINC controlled the stimulus presenta-
tion order, averaged evoked potentials separately for each of the two stimuli

in each task, and stored the averaged responses on magnetic tape for off-line

data analysis. Subjects' identification responses and reaction times were
recorded using a Beckman-Berkeley Model 7531R Universal Counter-Timer.

The synthetic stimuli were played to the subjects from a Precision
Instrument FM tape recorder (Frequency response: ± 0.5 db, DC to 10 Khz at
30 ips). They were presented binaurally at 65 db SL against a 30-db white
noise through a Crason-Stadler Model 829D electronic switch to G. C. Elec-
tronics earplug-type earphones. The timing of all events, including the
initiation of LINC sampling epochs, was controlled by pulses on a separate
channel of the FM tape recorder synchronized with stimulus onset.

4The 256 time points were distributed throughout the 490-msec epoch at three
sampling rates: 1 point every 0.5 msec for the first 60 points, 1 point

every 1 msec for the next 66 points, and 1 point every 3 msec for the remain-

ing 130 points. 44
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Averaged potentials evoked by the identical stimulus in both tasks

(/ba/-low) were combined across subjects to obtain averages of 1,920 re-

sponses for each task and electrode location as shown in Figure 2. Evoked

potentials from the Stop Consonant and Fundamental Frequency Tasks are

superimposed at each electrode location to facilitate visual comparison.

Reaction times did not differ significantly between tasks according to a

Wilcoxon test (Siegel, 1956) (Median ± Semi-interquartile Range: Stop Con-

sonant = 502 ± 75 msec, Fundamental Frequency = 493 ± 70 msec; T = 15,

N = 10, p > .10). To determine the statistical of differences

between evoked potentials from the two tasks, Wilcoxon tests (Siegel, 1956)

were computed between evoked potentials at each of the 256 individual time

points in the sampling epoch. Results of the statistical analyses are shown

in Figure 2 below the evoked potentials at each of the four electrode locations.

Upward deflections from baseline in the statistical traces indicate that the

difference between evoked potentials at the time point was significant at the

.01 level. For significance at the .01 level, the computation procPC.ure for

the Wilcoxon tests requires that the differences between evoked responses

for a given time point occur in at least eight of the ten subjects.

In order to analyze evoked potentials during the identification processes

required by the two tasks, the 490-msec evoked potential sampling epoch was

empirically divided into the pre-response and motor response intervals shown

in Figure 2. Since the identification process must be complete at rr before

the identification response is made, only the pre-response interval is appro-

priate for the analysis of evoked porPntials during the identification process.
6

Differences between evoked potentials during the motor response interval will

be considered below.

This procedure was designed to determine a) the statistical reliability of

differences between evoked potentials from the two tasks and b) the precise

distribution of significant differences in time relative to stimius onset

and subjects' identification responses. Our procedure computed statistical

significance for each of the 256 evoked response time sample points, using

a standard non-parametric paired comparison technique (Wilcoxon matched-pairs

signed-ranks test). At every sample point, the difference between amplitudes

of responses from Stop Consonant and Fundamental Frequency Tasks was obtained

for each of the ten subjects. The differences between tasks were then ranked

and the Wilcoxon T statistic wan calculated in the usual manner (Siegel, l956).

Thus, a value of the T statistic for the difference between evoked potentials

from the two tasks was obtained for each of the 256 individual time points

in each pair of responses.

On a single trial the motor identification response unambiguously ends the

time interval during which the identification process must have occurred.

However, in the average of large numbers of trials required for comparison

of evoked potentials, the proper end of the "processing interval" is less

clear. Our criterion for distinguishing the pre-response and motor response

intervals was the time point after which 99 percent oE the motor responses

cccurred. The 99 percent point was selected instead cf the 100 percent

point because it disregards those few trials with extremely short RTs which

cannot be meaningfully related to the identification tasks.
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If the analysis of linguistic and nonlinguistic parameters of an

acoust:i.c signal consists of the same neural events, then evoked potentials

should be the same (within the limits of normal variation) for both tasks

during the pre-response interval. Evoked potentials from the right hemisphere

(T4 and C4) were indeed 4_dentical for both tasks during pre-response interval,

as shown in Figure 2. However, statistically significant differences in

evoked potentials occurred at left-hemisphere locations (T3 and C3) during

the same time interval. By chance variation, 1.77 significant time points

would be expected at each location during the pre-response interval. At

temporal and central locations over the left hemisphere 30 and 34 significant

points were obtained, while 1 and 0 significant points were obtained at cor-

responding right-hemisphere locations. These results indicate that neural

events in the right hemisphere were identical for both tasks during the pre-re-

sponse interval, regardless of the task requirements. In contrast, different neural

events occurred in the left hemisphere during the same time interval, depending

upon whether the task required analysis of linguistic or nonlinguistic parameters

of the acoustic signal.

We have been careful to eliminate factors which could produce artifactual

differences in evoked potentials between tasks. There is, however, one ad-

ditional source of possible artifact. Since the occurrence of a motor response

(Karlin et al., 1970) and the sp,:ted of the that response (Bostock and Jarvis,

1970) can alter the neural actvity evoked by sensory stimulation, it is

possible that even nonsignificant differences in RT produced the results shown

Figure 2. To examine this possibility, the evoked potentials at each

electrode location were recategorized. Instead of averaging the six Stop

Consonant and six Fundamental Frequency blocks for each subject, the six

fastest and six slowest RT blocks were averaged to maximize RT differences.

Evoked potentials from the fast and slow RT blocks were then analyzed statis-

tically in the same way as those in Figure 2.

If the evoked potential differences during the pre-response interval in

Figure 2 were produced by nonsignificant differences in RT, then similar or

larger differences should be produced by averaging the blocks with slowest and

fastest RTs. Such a result did not occur. No more significant diffarences

than would be expected by chance occurred at any electrode location duriag

the pre-response interval: 1 significant point was obtained at each left-

hemisphere location, and 1 and 2 significant points, respectively, were obtained

at right-hemisphere locations. During the motor response interval, evol,ed

potentials from the slow and fast RT blocks were significantly different in

the same direction as those during the motor response interval in Figure 2.

Thus, wk: cannot /tile out the possibility that slight differences in RT may have

produced the effects during the motor response interval shown in Fig,re 2.

However, di'ferences in -FT could not have produced the significant differences

ir evok enti...as during the pre-response interval.

In sin.Anary, this experiment demonstrates that: 1) differences in neural

respons_-. evoked 1337 th, same sreech signal occurred between taskb which re-

quired arwlysis ,f lirguistic versus nonlinguistic parameters of that signal:

2) such differeacc:: occurred only at left-hemisphere locations; and 3) these

differences are T1,.)t related to differences in the acoustic signal, its pre-

sentatirm prcbaoility, the subjects' motor response, or reaction time. These

results indicate that different neural events occur in the left hemisphere

during aaaLysis of linguistic versus nonlinguistic parameters of the same
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acoustic signal. Further, they provide strong support for the idea that a
unilateral neural mechanism is specialized to perform those linguistic pro-
cesses necessary for speech perception.
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Basic Research in Speech and Lateralization of Language:

Some Implications for Reading Disability*

Isabelle Y. Liberman+

ABSTRACT

Basic research in spef_tch and the lateralization of language

was shown to illuminate the problems of reading and some of its

disabilities. First, it was pointed out how speech, or language

for the ear, differs markedly from reading, or language for the

eye. Though the sounds of speech are a very complex code and

the optical shapes of written language are a simple cipher or

alphabet on the phonemes, we all perceive speech easily but read

only with difficulty. Perceiving speech is easy because, as

members of the human race, we all have access to a special

physiological apparatus that decodes the complex speech signal

and recovers the segmentation of the linguistic message. Reading

is hard because the phonemic segmentation, which is automatic and

intuitive in the case of speech, must be made fully conscious and

explicit. The syllabic method supplemented by phonics (used with

certain reservations) was suggested for remediation of segmentation

problems. Second, it was noted that since the sounds of speech

are processed differently from nonspeech sounds, the two should

not be diagnosed and remediated interchangeably. Third, it was

shown that the relationships among cerebral lateralization for

language, handedness, and poor reading can now be studied more

meaningfully because of the recent development of new techniques.

A truism often heard in the opening lecture of graduate classes in edu-

cation is that we have few answers to the problems that beset us, only questioas.

In the field of reading, the difficulty may be owing at least in part to our
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impatient attempts to find immediate solutions for the teacher and the student

in the classroom and to our consequent neglect of basic research. I should

like to suggest today how knowledge of basic research in related disciplines

may lead to clues for improving beginning reading instruction and the lot of

the disabled reader--ifonly by affording us a deeper understanding of the

reading process.

THE POOR READER: DOES HE HAVE A "LANGUAGE DISABILITY"?

For over 75 years, much of the research in reading has been aimed at

finding out how the poor reader differs from the good reader. Thus, many

studies have correlated the reading level of the child with various indices

of abilities or attributes which had been found to be defective in clinical

studies of individual readers. These have, in the main, led to the conclu-

sion that there ar t. great individual differences among poor readers and that

no single indices are typical of a large body of poor readers. The most con-

sistent exceptiont, have involved tasks which are strongly language related,

or actually reading related. I mean such tasks as oral word rhyming, oral

vocabulary, word ncixing, letter naming, word recognition, name writing, and

the like (De Hirsch, 1966; Doehring, 1968). Many, though not all, are essen-

tially miniature reading and writing tasks. Of course, we should not need a

giant correlational study to prove that reading is related to reading, nor

should we be surprised to find that reading has something to do with language

(though many remedial methods in current use seem to reflect this message only

dimly).

It is certainly fair to say that in some sense the potentially poor

reader frequently has language problems. But in what sense do we mean this?

Given a child up to the age of eight--before his ability to read would make

any subltantial difference in his ability to si3eak--what is there about the

language ability of the potentially poor reader that is different from that

of the potentially good reader?

Data derived from two areas of basic language-related research seem to

me to offer promising leads to these and other questions about reading--both

the process and the disability. The two areas of basic research include speech

perception and the lateralization of language.

I think we would all agree that poor readers can speak and listen to

language far better than they can read or write it. From this point of view,

to describe their problem as a "language disability" is to use the term very

loosely indeed. Surely, if we could somehow teach them to write and read as

well as they can speak and listen, we would not be concerned about their

"language disability,"if any. Speaking and listening, then, are a necessary

condition for reading but not a sufficient condition. It may be useful,

therefore, to ask what we know about the difference between speaking and

listening on the one hand, and reading and writing on the other.

LANGUAGE FOR THE EAR AND FOR THE EYE

We all know that human language is distinguished from other communication

systems by the fact that it is phonemic. That is, all human languages are
compised of commutable segments which have no maaning in themselves. It is

clear that these phonemes can be transmitted either by ear or by eye--that
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is, by spoken or written language.

Speech, but not Reading, is Natural to Man

We are all aware that speaking, or language for the ear, has a strong

priority over reading), or language for the eye. The evidence for this is,

of course, part of our common knowledge. Speech is universal, while reading

is rare among the people of the world. Speech is first in the evolution of

man, while reading is second; reading is, moreover, a comparatively recent

development in man's history. It is also relevant to observe that the alpha-

betic method of reading and writing has been invented only once, which suggests

that it is, in some important sense, unnatural. Speech is also first in the

history of the individual while reading comes second. Speech is, moreover,

remarkably easy for humans to acquire. Infants are already listening discrim-

inatively to speech by the age of one month (Eimas et al., 1970) and most two-

year-olds are beginning to speak intelligibly themselves. Speech apparently

requires no tuition, only an input of linguistic data and an opportunity to

interact with those data. In contrast, reading is difficult and is not

ordinarily acquired unless it is taught.

The Sounds of Speech are Unieuely Natural

Moreover, as Mattingly and Liberman (1969) have pointed out, though sound

is the only universal vehicle for the transmission of language, only one set

of sounds, the sounds of speech, will work eff4.ciently to transmit language.

Morse code, which is an artificial sound alphabet, cannot be transmitted at

rates much higher than five or six characters a second, even after years of

practice. Other sound alphabets which were devised for use with reading

machines for the blind seldom reached perceptual rates of more than two

characters a second, though the subjects were often well practice and highly

motivated. At rates far below those which are possible in the perception of

natural speech sounds, the output of artificial sound systems become an

unidentifiable blur to the perceiver. On the other hand, it is hardly

necessary to remark that may alphabets--Cyrillic, Hebraic, Arabic, Roman,

for example--are available and equally efficient for use in transmitting

language for the eye, though none is as natural or easy as the sounds of speech.

The point I have been trying to make, then, is that speech and its

sound are samehow basic to laliguage in a way that the written language and

its optical shapes are not. The phonemic segments of the language are trans-

mitted easily and universally by the sounds of speech and by no others. Thus,

the advantage is not with sounds in general, but very o.pecifically with the

sounds of speech. Optical shapes representative of language--the written

letters of the alphabet--will also work to transmit the phonemic segments

but they are a very rent invention in the history of man, are not used

universally, and are atively hard to use. With a few special and quite

understandable except-, 3, all human beings can speak and listen, but only r

relatively few can read and, of that group, fewer still read well.

Transmission of Lan ua e by Speech Sounds and b Al habetic r'iting

We all know that speech and reading differ, as I have said they do, in

the ease with which people master the processes. However, if our thi-akitg

has been conditioned by tr-,ditional views of speech perception and rec-diug,
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we may not have considered this to be a productive contrast to make. The

traditional view includes two common assumptions about the transmission of
language by ear and by eye which tend to obscure the important differences
between these processes. Both of these assumptions are brought into serious
question by recent research on speech.

The first false assumption is that the phonemic segments of language are
transmitted individually by the sounds of speech, just as they are transmitted
individually by the optical shapes of the alphabet. In this view, the sounds

of speech bear a simple one-to-one relation to the phonemic segments, much as
the optical shapes of the alphabet (orthographic variations aside) so obviously

do. The word "bag," for example, which is represented in alphabetic writing

by three letters, one for each of the perceived phonemic segments, is assumed

to be represented similarly in speech by three discrete sounds. In this

traditional view, then, whether the segments are represented by sound or by

optical shape, the task for the perceiver would be basically the same, differ-

ent only in that it is carried out in a different mode--in the auditory mode

in the case of speaking and listening and in the visual mode in reading and

writing.

Acoustic cues for the perception of speech. Let us see now !.n what ways

this assumption may be false. Figure 1 shows at the top a speech spectrogram
of the utterance, "Never kill a snake." A speech spectrogram is, of course,

a visual display of the analyzed acoustic signal. Time is represented on the
horizontal axis; frequency in cycles per second is represented on the vertical
axis. The dark areas represent concentrations of acoustic energy at different

frequencies for varying periods of time. As you can see, the spectrogram is a

very "busy," muddy display.

People at Haskius Laboratories undertook to discover which aspects of
this very complex signal carry the essential linguistic information. Fo' this

purpose, they developed techniques for converting spectrograms, including hand-

painted versions, back Into sound (Cooper, 1950, 1953; Cooper et al., 1951).

Their aim was to find the more general nature of the relation between the
acoustic signal, as seen in the spectrogram, and the phonemic message, which
is what one perceives auditorally (Liberman et al., 1967; Mattingly and
Liberman, 1969).

At the bottom of Figure 1 is a schematic paintea spectrogram which repre-
sents a considerable simplification of the acoustical signal with the greater

part of the signal discarded. The Haskins group found by trial and error that
simplified spectrograms of this kind are nevertheless sufficient to produce
intelligible speech. They proceeded, then, over a period of years to investi-

sate this problem more systematically and succeeded in isolating the acoustic

cues for all the various phonemic segements.1

Acoustic cues are not an alphabet on the linguistic message. Figure 2

shows examples of the essential acoustic cues for the universal stop consonant
/d/ and also important general characteristics of the relation between the

1
See Liberman et al. (1967) for a general review of these findings, together
with references to the original experimental papers on which they are based.
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A Spectrogram of the Phrase, "Never kill a snake"
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sound signal and the perceived message. The schematic patterns shown are

sufficient for the synthesis of /d/ Jefore /i/ and /u/. The black lines

represent formants, i.e., concentrations of acoustic energy within a restricted

frequency region. At the left of each pattern are the rapid changes in frequency

known as the formant transitions. These have been found to be cues for the

perception of consonants. The transition of the first, or lower, formant is

the cue for the voiced stops--/b,d,g/. It carries the information about the

manner and voicing of the consonant. This transition would be the same whether

the syllables were /bi,bu/, /gi,gu/, or, as they are here in Figure 2, /di,du/,

because /b,d,g/ are all voiced stop consonants.

The second-formant transition, which is the part of the pattern circled

in the upper formant, has been found to be the important acoustic cue for the

perception of consonants according to their place of production. That is, in

the case of stop consonants, it distinguishes /b/ from /d/ from /g/. In this

figure, the second-formant transition contains the particular cue that causes

the listener to hear /d/.

Now, in both syllables, /di/ and /du/, the /d/ sound heard by the listener

is exactly the same. But the acoustic cues are very different in the two cases.

In /di/, the second-formant transition rises from approximately 2200 cps to

2600 cps; in /dul, it falls instead from 1200 to 700 cps. Moreover, if one

tries to separate these critical second-formant transitions from the context of

the rest of the pattern and sound them in isolation, one does not get the /d/

sound at all. One gets nonspeech instead: a high-pitched rising whistle

for /di/ and a low-pitched falling whistle for /du/. Outside the total pattern,

he formant transitions sound verz different from each other ahd neither of

them sounds anything like /d/ (Liberman et al., 1967; Liberman, 1970).

We see, then, two related characteristics of the speech code: first, the

acoustic cue for the same perceived coasonant is different in two different

vowel contexts, and second, there iF no acoustic segment correspondin to the

consonant segment /d/, for example.. We cannot isolate the /d/ seg -nt in the

acoustic signal because the secorol-formant transition which is the ,!Jsential

cue for /d/ is always carrying information at the same time about bo,h segments,

the consonant and the vowel.

Successive segments of the message are corplexly encoded in the acoustic

signal. Figure 3 demonstrates more clearly now information about successive

segments of the message is carried simultaneously by the same part of the

speech signal. At the top are the perceived segments in the syllable "bag."

At the bottom is a schematic spectrogram sufficient to produce that syllable.

The figure shows how the segments which are experienced as separate at the

perceptual level are intertwined in the sound stream. The vowel ix/ is not

limited to a medial position in the acoustic signal as it seems to be at the

perceptual level but, rather, covers the entire length of the syllable. If

the syllable were "big" instead of "bag," the second formant would h differ-

ent from the beginning of the syllable to its end, not just in the middle

position as it is in the perceived message. Similarly, information in the

acoustic signal about the stop consonant /b/ continues well beyond the middle

of the signal. If the syllable were "gag" instead of "bag," the second

formant would change throughout the entire section subsumed under the segment

/b/. Moreover, the center portion of the acoust:Lc signal is ob-iously providing
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Schematic Spectrogram Illustrating the Simultaneous Trinsmission of Successive
Phonemic Segments on the Same Part of the Frelch Signal

TIME
(Reprinted from an /inlet@ bit A011. Liberman in the actober

CosnAtifito PomPchattit. Coevrighted by Academic Press, 0c4obeet 14740
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information not just'about the vowel /a/ but also about all three perceptual

segments at once (Liberman, 1970).

All of this explains the failure of early investigators (Hsrris, 1953)

to find the building blocks of real speech by cutting tape recordings into

phonetic segments and then recombining the segments to produce new words.

They could not do it, because, with one or two exceptions like steady-state

vowels and parts of certain fricatives (Liberman et al., 1967), the perceived

segments are not found as segments at the acoustic level at all.

Now we can get bock to our original statement that the sounds of speech

are not a simple alphabet or cipher on the phonemes as are the optical shapes

of the written Language. The sounds of speech are instead a very complex

code. In this complex code, information about successive phonemic segments

is transmitted simultaneously, not successively in strings as it is In the

written language. For this reason, it is impossible to separate our discrete

rhonemic segments in any representation of the acoustic sound pattern.

THE POOR READER'S LANGUAGE PROBLEM: IS rr AUDITORY?

The Cool= Speech Code is Handled Intuitively

When we consider again the child who speaks and listens so much better

than he can read, we are faced with an interesting paradox. Ho can easily

muter the complex speech code and yet cannot master the relatively simple

alphabet of written language. If speech does pot appear complex to the human

being who listens to it, it is presumably because be has ready access to the

special neurophysiological apparatus necessary to handl, it. There is =44

a groat deal of evidence that such special procet.sing equipment does exist

as porta ocr human capacity for language. Later in this paper. l will

describe Just one aspect of that evidence. Meanwhile. we can observe that,

as Is the case with other biological processes that are des,ply a part of us,

we do not have to think about the process of speech In order co perform it,

any more than we have to think about the process of walking in order to walk.

The Stool* Alphabetic Cipher Requires Explicit Analysis of Language

If we now ask what the child is required to do in reeding, we find a

very different situation. There is, as we have said, a ear' simPle retatioa

between the alphabetic shapes and the linguistic message, but the child can

take advantage of that relattonship only if he explicitly analyzes and under-

stands the segmentation of the message. Seeing tlie written word, being able

to discriminate the individual optical shapes, being able to read the names

of the three letters. snd eve& Mowing the individual sounds for the three

letters, cannot help him in really reading the word "cat" (ws opposed to

memorizing ita appearance as a sight word), toless be realises that the word

heat" la his vocabulary haw three segmeots. Before he can map the visual

message to the word in his vocabulary, he had to be emulously aware that

the word 'cat that be knows-g.tan apparently unitary syllablehas three

separate sevens. Ws competence in speech production and speech perceptios

Ls of so direct use to him here, because this competence enables him to achieve

the segmestatiou without ever beimg comacioualy aware of it. (At the higher

levels of langmage, similarly, ose seed sot be cometiously aware of the rules

of grawar in order to produce grammatical speech.)
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It seems reasonable, then, to suppose that the problem of this child
who cannot read may not be, as is so commonly assumed, a problem in speech
perception, or indeed, in auditory perception,at all. The intuitive and
automatic segmentation he carries out in speech perception must be made quite
conscious and explicit if he is to read; many children may find that extremely
difficult. If so, what we ore dealing with is a cognitive problem, not a
problem of visual perception, auditory perception, or speech perception as
such.

Iaplications of Speech Research for the Remediation of Reading Problems

The time-honored hypothesis offered when a child cannot understand that
this components /k/ /11i /t/ form the word "cat" is that his difficulty lies in
defoctive auditory perception or, sore specifically, in not being able to
blend sounds into words. One time-honored procedure for correcting this
difficulty is to teach blending. I think you will agree with me that blending
as either an explanatory or a remedial concept is now opdn to question. The

herd "cat" is not a hlending of the sounds /k/ /it/ /t/9 if by blending one
means a kind of merging of a string of consecutive'sounds. It is clam, that
/k/ /it/ /t/ merged togot4er consecutively do not produce the word "cat." ti

speech, information about these three segments is encoded into a sinxle sound,
the syllable.

A. might be expected, then, I would disagree with writers in the field
(Johnson and Myklebust 1967) who classify children with problems in phonetic
analysis and nyathesis as "auditory dyslexics" who have "numerous auditory
discrimination and perceptual disorders which impede use of phonetic analysis
1p. 1741." These writers themselves note that the spoken language of the
children so classified "generally Is good." I would say that, if the spoken
language of the child Is "generally good" and if he can respond appropriately
to the speech of others, one cannot ascribe his difficulties with phonetic
analysis and synthesis to poor auditory discriminaLion and perception. If

be can hear and speak the words well, then his difficulty with segmentation
is cognitive, not auditory.

Phonic, Idtovisual, or fellable method? I would agree that an elemental

or phonic approach may be dlificult for the child who cannot do phonetic

analysis and synthesis, bat I would stroogly question the usual solution,
which is to taeas a sight vocabulary firstto teach by an ideovisual method,
as it is called. if the child Is indeed havt4 difficulties with phonetic
analysis and synthesis, then it would seem unwise to keep secret from him
the relationship betweem the component part of the spoken and Witten werd.
The sight *tithed does just chat when it proposes to teach the child to read
by first teachlog him to associate a certain whole spoken word with a particular
whole printed design.

As I see it, It sight be wise instead, to incorporate a type of syllabic

approach into both beginning reedit*, and remedial instruction. le this method,

the component elements would cot be treated separately as /ki /it/ It/. but
their identity would be clarified by the ordered use of phonetically regular

syllables as suggested by Bloomfield (Bloomfield 4 Barnhart, 1961) and Pries
(1962). Sy using the method of sdalmel contrasts and changing only one segment
at a time in the syllables presented for study (e.g., "fat" and Imat," "fan"
and Imam"), one can iiimoinate the phonetic analysis of words from the start

of reeding instructloo. SC4
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I am not prepared to say that analytic breakdown of words into their
phonemes should not be used at all, but only that the ordered syllabic approach
should also be used, because it conforms 9J much better to what we know about
speech and language. And, moreover, if the phonic method is used, I would

consider it important for the teacher co understana tnat when she uses the
blending aspect of the instruction, she is not trainim4 the child's auditory
perception of speech sounds. To the extent that she is helping the child at
all, she is probably making it easier for him to achiev the conscious wore-

nese of phonemic segmentation that he needs if he is t match the written
version of the word to the spoken form already stored in his head.

Why vowels may_presPnt special roblems. There is ,vt another result of
speech research that may enlighten us about a difficulty commonly encountered
in learning to read. A grtat deal has been made of Tie difficulties of the
orthography, particularly in reference to vowel representation. There 14. of

course, no question that beginning readers find vowels more difficelt to master
than consonants. Every teacher can testify to this. Speech research indicates
that there may be reasons ior this that are not obvious on the surface. We

learn from speech research that whereas consonants are distinctively categorical
in both speech production and perception of speech. vowels Are continuous and
variable (Liberman et *I.. 1967). There is nothing between /b/ and /d/. There
S. only a /b/ and a /d/. When the acoustic cuts for producing a /d/, for
example. art changed in the direction of /b/, let us say. what you hear is
either /b/ or /d/. never something in between. ronsonarts. then, and particu-
larly the stop consonants (/b.d.g/ and /p.t.k/), are not regions lying along
taco:It-Lamm. They aro catogor14:41 la th0 S.9994 that they are either one
consonant or another. Vowels, on the other hand change continuously. like
the pitch or loudness of tones. They do not fall into neat compartments the
way most consonants do. Shankweiler has suggested (1967) that our tendency
to perceive consonants categorically probably makes it easier for WO to learn
to associate them with graphic symbols. Similarly, the continuous nature of
vowels may make it harJer for us to learn their correspondences and may even
account for their multiple spool:ins in the orthography of the language.
Perhaps while coosonants can best be taught by the syllabic method, vowels
should be separated out for additional phonic study.

THE LATERALIZATIOX OF SPEECH AHD NOUSPEECH =PHDS

Earlier 1 said that there are at least two false assumptions about
speech which tend to confuse our thinking and reading. The first. which I
have dealt with in the preceding sections. is that speech is 4 simple cipher
on the phonetic message. The second, which I propose to discuss now, is that
the process involved in the perception of speech sounds is the same as that
involved in the perception of nonspeech sounds. The traditional view here Is
that all soends are 4eted upon by tba brain in much the sane way. whether they
are speech sounds or, say, household noises like the jangling of the doorbell

or the crackling of paper. As I said before, one would expect. In view of the
complex nature of the speech code, that we would need very special devices
in order to process or decode it and that the mechanism of speech perception
would be very different from that involved in the perception of other sounds.
Some of the most compelling evidance which shows that the proceiksing of speech
sounds is indeed very special and quite different from that of nonspeech sounds

comes from research in cerebral lateralization (the term "lateralization" bare

refers to the tendency of one side or hod e of tbe brain to take over

certain functions).
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Auditory Rivalry Technique Tests Cerebral Lateralization of Language

It has long been known that language disabilities of various kinds usualiy

accompany injury to certain parts of the left cerebral hemisphere; injury to
corresponding parts of the right hemisphere produces no such disruption of

linguistic function. About ten years ago, a psychologist in Canada, Doreen

Kimura, developed a bloodless, relatively simple, and potentially quite analytic

method of studying lateraltzation of speech and nonspccch (Kimura, 1961). In

her method, the investigator presents two different stimuli simultaneously to

the two ears by means of stereo earphones. This "dichotic" presentation sets

up a kind of rivalry between the two ears. When the subject is asked to report

what he has heard, it is found that more stimuli are correctly identified from

one ear than the other. Which ear wins out in the riyalry--that is, which one

provides the greater number of correct answers--will depend on the kind of

stimuli that have been used.

Many investigators have since found that, when the sounds presented are

verbal, there is a right-ear advantage. This is true whether the stimuli

are digits, words, or simple consonant-vowel nonsense syllables (Kimura. 1961;

Shankweiler and Studdert-Kennody, 1967). On the other hand, when the sounds

presented are nonspeech sounds of any kind (selodies. environmental noises,

sounds made by common objects, animal sounds, etc.). they all produce a left-

ear advantage (Kimura, 1964, 1967; Knox and Kimura, 1v7)). Moreover, these

effects are obtained In children as young as five Years old, whether the method

of report is verbal or nonverbal--that is. whether the child indicates what he

ha* heard by repeating it verbally or by pointing to a picture of it or to the

object itself (Knox and Kimura, 1970).

Snatch Sounds and Nonspeech Sounds are Processed Differently in the Brain

The implications of these findings for the study of the lateralization

of Language are provided by cutrent knowledge of the actions of the auditory

pathways. Whiie esch ear has representation in both hemispheres, the contra-

lateral representation is stronger than the ipsilateral (Rosenzweig, 1951).

Moreover, there is evidence that when competing signals are presented to the

two ears, the ipsilateral pathways arc inhibited (!1iiner et al.. 1968).

Therefore, the interpretation of the right-ear advantage for speech and the

left-ear advantage for nonspeech is that cpeech sounds require processing in

the left hemisphere, while nonspatch sounds need to be processed in the right.

The fact that the sounds of speech are processed in one side of the

brain apd the sounds of nonspeetch in the other strongly supports the assumption

that they are processed in different ways. It is obvious that speech sounds

must undergo same sort of auditory processing, of course--if an individual is

deaf to sounds, he will not be able to hoer speech--but it appears that the

decodins of the complex speech code requires. in addition, physiological

apparatus specialized for that purpose. It is also of interest that this

apparatus is on the same side of the head as the apparatus which processes

the syntactic and semantic aspects of language (Shankweller and Studdert-

Kennedy, 1967). Thissuggests again that speech Ls an integral part of language.

Remedial Implications of the Difference Between Speech and Nonspeech

:he different processing required by the two kinds of sounds has practical

implications for reading remediation. If one had strong evidence that a child
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really did have deficits in the perception of speech sounds, one would not

necessarily expect to improve his skills in perceiving speech by first giving

him training in discrimination or identification of nonspeech noises, as is

often done in remedial work. Sounds do not range Cod a simple continuum from

simple environmental noises to speech. If the child is not required to respond

to speech, he is not functioning in the speech mode and therefore is not using

the processing required in speech. Speech processing goes beyond that required

in the discrimination of nonspeech sounds and is carried on la a different

part of the brain mechanism.

THE POOR READER: IS HE WEAKLY LATERALIZED?

We have said that speech and Language are lateralized and that perception

in the speech mode is primarily in the left hemisphere. To the extent that

reading taps into the linguistic process, laterality may well be involved in

reading as well. Why people who are lateralized well enough to speak and

listen might not be lateralized well enough to read is not presently known.

But weak cerebral lateralization has been implicated as a correlate of poor

reading since the pioneering work of Orton in the thirties (Orton, 1937), who

drew this conclusion from his clinical observations of the prevalence of

uncertain handedness and ambidextrality among children with reading problems.

Two questions arise here. The first is whether child-en who cannot read

well are indeed weakly lateralized for Language. The other is whether handed-

ness is an adequate indicator of brain laterelization for language. In Orton's

time, and until recently, the two questions Could not be separated. It* only

method readily available for judging lateralization for language was indirectly

through such means as the testing of handedness and other peripheral preferences.

Now, for research purposes, the auditory rivalry test peovides a way of measuring

brain lateralization for language more directly and with an independently vali-

dated technique (Branch et al., 1964). Studies using the auditory rivalry

technique to explore the lateralization of children who are good and poor readers

are as yet limited in number and inconclusive in results (Sparrow, 1968) but

should in the future provide answers to the first question (I. Liberman et al.,

in progress).

As to the second question, concerning the use of handedness as an indicator

of language lateralization, handedness has long been knewn to be related in

some manner to language lateralization (Zangwill. 1960). However, we need to

know more about the exact nature of the relationship, particularly in the case

of self-classified left-handers and ambilaterals. In studying this relationship,

one must take into account the fact that handedness is not an either/or prop-

osition but, rather, a continuous variable (Benton et al., 1962; Annett, 1970)

and the fact that thP strength of handedness in various tasks is particularly

variable in left-handers (Hmaphrey, 1951; Benton et al.. 1962; Satz et al., 1967).

The relation between handedness and language lateralization has been studied

in a doctoral dissertation recently completed at the University of Connecticut

(Orlando, 1971), using left- and right-handed children as subjects. The

results suggest that the relationship can be measured more meaningfully when

both handedness and language lateralization (as measured by the auditory

rivalry test) are regarded as continuous variables rather than as dichotomies.

In addition, the study indicates that the relationship is strengthened when

handedness is measured in terms of relative proficiency on manual tasks,
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rather than in terms of manual preferences. Under these conditions, it is

found that handedness and language lateralization are, in fact, strongly

correlated, even in self-classified left-handers. Moreover, the results of

the auditory rivalry test correlate more highly with the overall (joint)

measure of handedness than does any single handedness task. This type of

study has yet to be carried out in such a way that the results can be made

to bear on the differences, if any, between the poor reader and the good

reader, though some data, as yet nnanalyzed, are already available (Shankweiler,

et al., in progress;.

SUMMARY

To summarize, I have tried to point out today how basic research in

speech and language might illuminate same of the questions we have about

reading and its disabilities. The first point was that speech is basic to

language in a way that reading is not. We cannot have language without speech

but we can and do have language without a written form that can be read. Speech

is natural to us; reading and writing are not.

The second point I tried to make sims that the sounds of speech are a

very complex code and the optical shapes of the written language are a
relatively simple alphabet on the phonemes, yet most of us have no difficulty

with the speech code while many are unable to read. This is because we have

special apparatus that enables us to deal easily and intuitively with language

as received by the ear despite the great complexity of the process, but we

need something more in the way of a conscious, cognitive analysis of the

phoneme structure of language if we are to read. When a child has difficulty

in reading because he cannot segment the words and syllables of his vocabulary

into their constituent phonemic elements, the problem would seem to be a

cognitive one, not a matter of visual or auditory perception.

The third major point I tried to make was that speech perception involves

considerably more than auditory perception of nonspeech sounds. Speech sounds

and nonspeech sounds are processed by different mechanisms in different parts

of the brain and cannot be diagnozed or remediated interchangeably.

The lateralization of function in the brain brought me to the fourth

point, the relation of language lateralization to reading disability, and its

corollary, the relation of language lateralization to hand preferences and

proficiency. Adaptations of a new method of measuring brain lateralization,

the auditory rivalry test, promise to provide answers to the first question

and have already afforded meaningful directions for f-ircher exploration of the

record. Another productive new approach is to consider both handedness and

brain lateralization for language as continuous rather than dichotomous

variables.

my general message was that what is known from basic research in speech

and laterality can lead to new hypotheses about the problems of the beginning

reader and the poor reader. I hope you will agree that these kinds of

research say bring us closer to solutions fhese vexing problems than we
have managed to come after so many years o product-oriented investigations.
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The EMG Data System

Diane K. Port
Haskins Laboratories, New Haven

During the last year and a half the entire ENG data collection and proc-

essing system used at Haskins Laboratories has been significantly improved.

The use and insertion of wire electrodes is discussed elsewhere (Hirose, 1971).

The present paper describes aspects of the data system for readers interested

in a technical account of the system consistent with the suggestions of the

"Report of the Committee on EMG Instrumentation" (Guld et al., 1970).

The basic principles of DIG data analysis used in earlier work at Haskins

Laboratories have been carried over to the new system. Although the overall

procedure for data collection and analysis has been described elsewhere

(Cooper, 1965; Mimic et al., 1965; Sholes, 1965; Harris, 1970; Gay and Harris,

1971), a brief description will be repeat,ld here for orientation.

An EMG experiment typically collects data on many repetitions of a limited

set of utterances by one subject. The experiment proceeds in three principal

stages: data collection, visual editing, and computer processing (measure-

ment, averaging, and plotting). A major task in making this kind of experi-

mentation feasible, i.e.) in coping with the enormous amount of data involved

in even a simple experiment, has been the development of procedures and equip-

ment to automate most of the data collection and processing. The present

system has largely accomplished this objective and has done so without sacri-

ficing the experimenter's privilege of scrutinizing individual data entries

to be sure that they are free of adventitious error. The equipment that has

been assembled is shown diagrammatically in Figure 1. Its use will be discussed

in the following descriptions of each of the three phases of a typical experi-

ment.

DATA COLLECTION

The initial steps in data collection are, of course, the administration

of such anesthesia as is required for patient comfort, insertion of the elec-

trodes, and confirmation of their placement; this part of the procedure is

described by Hirose (1971). The subject is then asked to read from randomized

lists (or to repeat from a tape recording) the desired series of utterances,

with pauses of a few seconds between them. Provision is made (in the programs

that will later analyze the data) for up to thirty tokens of as many as thirty

types of utterance.

The EMG signals collected by the bipolar wire electrodes go to differential

preamplifiers which have gains of 40 db, noise levels (referred to the inputs)

of 5 mv RMS, and ca. 100 db common mode rejection. From the preamplifiers,

the signals go to distribution amplifiers with adjustable gains that are
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usually set at about 30 db. These amplifiers include 80 Hz high-pass filters

with 24 db roll-off to reject movement artifacts and hum. The filtered signals

are then recorded on a one-inch, 14-channel instrumentation recorder (Consol-

idated Electrodynamics VR-3300). The EMG (and other physiological) data are
recorded in FM; voice channels and timing and code pulses are recorded as AM

signals.

A calibration signal (300 mv ± 1%) is substituted for each of the physio-
logical signals several times in the course of an experiment. Periodic tests

of the reference signal indicate that the long-term drift in the recording

and amplifying equipment is less than 1% per month. The primary use of the

calibration signals is, of course, to calculate fhe conversion of the physio-

logical signals to microvolts at the electrodes.

Two recording channels are used for voice signals, one for the subject's

utterances and the other for "banter" by the experimenters, in order to take

note of events and changes in procedure during the course of the experiment.

Two other channels are used to record a clock track and a code and timing

track. The former consists of short pulses at a rate of 3200 Hz; the latter,

of timing pulses at a rate of 50 Hz, counted down from the clock. Some of

the pulses in the timing series are cancelled or inverted in polarity in order

to generate a 4-digit octal code number that is incremented and recorded about

once per second. (rhis way of introducing the identification codes has pro-
vided a good compromise solution to the problem of making the oscillographic
record easily readable by humans and the tape-recorded version readable by

computer.)

VISUAL EDITING

For visual inspection of the recorded physiological data, fhe data channels,

voice channel, and code and timing track are played back as input to an 18-

channel Honeywell Visicorder. During playbacks, the signals again go through

the distribution amplifiers. Each physiological signal is routed through one
section of its 80-Hz high-pass filter, resulting in a 36-db total roll-off.

With the usual record/playback speed of 7.5 inches per second, the upper

frequency limit of the FM channels is 1250 Hz. Thus, the overall frequency

response (for EMG signals) is 80-1250 Hz. The signal-to-noise ratio for the

FM channels is ca. 40 db.

The oscillographic traces for the voice and the code and timing marks are

used by the experimenter to locate the specilic portion cf the EMG (and other)

signals to be processed by the computer. This is done by first identifying
each utterance with an octal code that precedes it. Then the temporal offset

between this code and a distinctive event in the utterance (the line-up point)

is noted. The choice of line-up point depends, of course, on the utterance;

typical choices are stop-release or onset of voicing. The offset interval can

be taken directly from timing pulses that occur at 20 -msec intervals; typically,

the offset interval is specified to the nearest 5 msec (a quarter of an interval

on the timing trace), which is within the inherent uncertainty- -estimated at

ca. * 10 msec- -thatis involved in locating the line-up point on the voice trace.

The two descriptors for each utterance (the octal code that identifies

it and the offset interval between code and line-up point) are written down

in lists by utterance type and the lists are then entered into the computer.
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These lists are merged, with the entries rearranged to be in the order in

which the corresponding utterances appear on the instrumentation tape, and

this merged list serves as the control information during computer processing.

COMPUTER PROCESSING

The measurement, processing, and plotting of the physiological data are
almost completely automatic, although the experimenter can, if he wishes,
intervene at various stages to test for, and correct, erroneous entries.
The computer programs that make this possible were llmost completely rewritten

from the earlier programs--a necessary step in order to take advantage of sub-

stantial upgrading in the computer facility. Some of the capabilities that

are important for EMG processing include four disc units (three for data) to
allow for one-pass storage of all the digitized EMG signals for a complete
experiment; magnetic tape for long-term storage (in digital form) of all the

data generated in an experiment; and a strip chart recorder on which the final

data (averaged for each electrode and utterance type) is plotted. All man-

computer communication is through a Sanders Communicator, Model 720 (an

alphanumeric CRT terminal). Programs for processing data are under control
of a Monitor program (on the fourth disc unit) and several are currently being

changed over to operate in a time-shared mode, to ease the requirements for

computer time. Plans include a CRT display of any portion of the data for
inspection and for automatic photography, if desired.

The programs are several in number and divide the processing task in the
following way:

ESEL: Control information comprising the lists of codes and utterances
already described is entered and stored in computer memory and
on magnetic tape.

ECHK: The EMG signals are checked for correct control information, and

analog input levels are set.

ERIT: The data are digitized and stored in one pass.

EDON: The signals are sorted and averaged, and the results are listed on

a line printer.

E$MGPLOT: Hard-copy output curves are produced.

ESEL

The control information program is straightforward. Data about the utter-

ances in the experiment and their line-up points are entered and stored on

magnetic tape for later retrieval. Any item can easily be changed at*any time

during processing. The experiment size for which the ESEL program was designed
is set at a maximum thirty lists of utterance types to be averaged, each of:thirty
speech utterances of 2-second maximum duration. Up to 8 channels of EMG data

can be used.

g9
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ECHK

ECHK is the step in data processing that requires most operator attention.
Here various checks on'the offset between code and line-up point often catch
gross measurement errors. There is also a print-out of the maxima and minima
sampled in each channel for each code. By inspection of the consistency of
these values for utterances of the same type, some obvious errors are detected.
Errors are corrected in the control information before proceeding. Also at
this time, the input gain levels (for playback from the instrumentation recorder)
are set to make maximum use of the available digital data range.

ERIT

The digitizing program begins with playback of the instrumentation tape,
the tape recorder being under computer control. The EMG signals in analog
form are full-wave rectified and then passed through an RC circuit that per-
forms a running integration. Typically, the time constant is set at 25 msec.
The smoothed signals are sampled to 12-bit precision every 5 msec, using a
16-channel multiplexer driven by a clock that is internal to the computer but
consistent with the recorded clock track to within 1%. Although twelve bits
of data are delivered by the A-to-D converter and are recorded on disc and
tape, only seven bits are significant since the system signal-to-noise ratio
is approximately 40 db. Only the most significant seven bits are used later
for averaging.

Given a 25-msec integration time constant on playback, a 5-msec sampling
interval involves almost no loss of information due to sampling, according to the

sampling theorem. Theoretical and empirical analyses of the effect of the RC
integration circuit on the analog EMG signals is being undertaken and will
be reported later.

EDON

In computing the EMG averages for each electrode location and utterance
type, our first step is to convert the more-or-less arbitrary signal stored
by BRIT to millivolts, using the recordings of the 300 mv reference signal
that were made during data collection. Each of the reference signals specified
in the control information is sampled and averaged over a 1-second interval.
Then conversion factors are zalculated for each channel and stored an magnetic
tape. Next the sums and sums of squares for each utterance type (for each
time sample from a given electrode location) are computed and stored on magnetic
tape for further statistical analysis. Currently EDON calculates and converts
to millivolts the means and standard deviations divided by the means. These
values are printed out for the 5-msec intervals at which the analog data were
sampled, referenced to the line-up point as time zero. It is possible, using
EDON and ESEL to change any one of the utterance lists, for example, by delet-
ing an erroneous code, and then to compute new sums and sums of squares.

E$MGPLOT

Hard copy is produced on a Texas Instruments
chart recorder. The line-up point can be marked
desired. The recorder is calibrated before each
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SUMMARY

Overall, the new EMG data system appears to give a reliable output relative
to actual myographic signals. The stability and signal-to-noise ratios of the
system are good. Line-up points can be determined within ±10 msec. Gross
errors are usually found and eliminated as a routine matter. The 25-msec time
constant of integration is considered appropriate for the purpose of relating
the high-frequency myographic signals to the comparatively slow movements of
the articulators. (A time constant of 12.5 msec was tried and found to intro-
duce more high-frequency noise without improving resolution of the averaged
output curves.) Thus, the pattern of averaged outputs reflects mainly the
pattern of muscle activity. Variability within an utterance type, as reflected
ir the standard deviation divided by the mean, shows token-to-token variation
for EMG measures of the same utterance, though it does not necessarily imply
as much variation in the muscle activity per se, since the EMG signal at each
moment is determined by the relative phases of the signals from contributing
muscle fibers, as well as by the total activity in the vicinity of the elec-
trode.
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Electromyography of the Articulatory Muscles:

Current Instrumentation and Technique

Hajime Hirose*
Haskins Laboratories, New Haven

The particular merit of electromyography (EMG) in speech research is

that it can provide information about the speech gesture in its natural units

and that it directly reflects the motor command from the central nervous

system carried by neural impulses. Recent technical developments in EMG have

made possible examination of the articulatory muscles without affecting natural

speech performance. The present report describes a current technique used at

Haskins Laboratories for the assessment of EMG data from the human articulatory

muscles.

ELECTRODES

At present, hooked-wire electrodes are used exclusively. The wire cur-

rently in use is a platinum-iridium alloy (907.-10%) with polyester (Isonel)

coating, the diameter of which is 0.002 in. (Consolidated Reactive Metals,

P-91). This wire is ideal for these experimental purposes, since it is less

easily crimped or bent than copper wire and less springy than stainless steel.

In addition, the wire is possibly less irritative to human tissues than are

other kinds of metal since no chemical reaction is to be expected.

The electrodes are made in essentially the same way as described by

previous authors (Hirano and Ohala, 1969; Basmajian and Stecko, 1962). After

a wire thgt is long enough to serve as a pair of electrodes (50-60 cm for

percutaneous insertion and 80-90 cm for peroral insertion) has been prepared,

the two free ends are threaded into the tip of a hypodermic needle (26 or 27

gauge and 3/4 to 2 in. in length) and pulled through the needle until a small

loop remains. The loop is bent and cut with a razor blade to leave two short

hooks of approximately 1-2 mm at the tip of the needle. Care is taken to make

the two hooks of different lengths so as to avoid a possible short circuit by

contact of the two cut ends in the muscle. The other ends of the wire are

burned in a match flame to remove the polyester coating for connection to a

preamplifier of the recording system.

For peroral insertion into the velopharyngeal muscles, the shaft of an

electrode-bearing needle can be angulated to allow easier access to the

target muscles.

For EMG of some laryngeal muscles, a specially designed probe is used

for peroral insertion by indirect laryngoscopy. The probe consists of an

L-shaped metal rod and the shaft of a 26-gauge needle cut and epoxy-bonded to

the end of the shorter arm of the rod. The hooked-wire electrodes are made

by threading the wire through the carrier needle in the conventional manner

and also through a thin polyethylene tube bonded along the rod (Figure 1).

*Also Faculty of Medicine, UniversitAgif Tokyo.
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The advantages and disadvantages of hooked-wire electrodes have been

discussed so fully by previous authors (Hirano and Ohala, 1969; Harris, 1970)

that no further comment will be made in the present report.

GENERAL PROCEDURES

Sterilization of the needle and the wire electrodes is accomplished

either by high-pressure heat or by antiseptic solutions.

Before each experiment, if it is deemed necessary to inhibit salivation,

7-10 drops of Tincture of Belladonna is administered by mouth. For peroral

insertion of the electrodes, topical anesthesia is administered to the pharynx

using Cetacainel spray and to the larynx, by this same method, in the case of

laryngeal EMG. This is followed by a gargle or instillation of 2-3 ml of 2%

Xylocaine.2 The percutaneous insertions are preceded by topical administration

of 2% Xylocaine without epinephrin through a Panjet-70 air jet (Panray)3 at the

site of the needle insertion.

The skin is disinfected at the site of insertion with an alcohol swab. A

ground electrode (a gold earring) is attached to the ear lobe of the subject.

During electrode insertion, an oscilloscope and an amplifier-speaker system

are used for monitoring the pertinent muscle activity. After insertion into

an appropriate site, the electrode-bearing needle is withdrawn leaving the

electrodes hooked in the target muscle.

Whatever position is taken during electrode placement and its verification,

the data recording is made with the subject in an upright sitting position.

Oscilloscopic monitoring of selected EMG channels is provided throughout

the procedure.

INSERTION TECHNIQUES AND VERIFICATION OF ELECTRODE PLACEMENT

Correct placement of the electrodes in the target muscle is prerequisite

to the entire experimental procedure in an EMG study. The exact placement

of the electrodes is easier if (1) the target muscle is close to or imme-

diately beneath the covering skin or the mucosa and the insertion is possible

under direct inspection or (2) there is little possibility of contamination

with other muscles. In any case, verification of electrode placement is

absolutely necessary.

1Cetacaine (trade name) is packaged in a 50-ml aerosol bottle and contains

the following: ethyl amin6benzoate, 14%; butylamino-benzoate, 2%; benzal-

konium chloride, 0.5%; cetyldimethylethyl ammonium bromide, 0.005%. A one-

second spray releases 0.1 ml of solution, and usually three to four seconds

of spray are needed to anesthetize the oral and pharyngeal mucosa. (Gaskil

and Gillies, 1966).
2Recent studies (Shipp, 1968; Zemlin, 1969) revealed no discernible effect

of topical aneshesia on normal laryngeal behavior.

3Panjet-70 delivers approximately 0.1 ml of the anesthetic solution to cir-
cumscribed intradermal depth up to 6 mm penetration.
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In principle, correct placement of the electrodes is verified by

monitoring the muscle activity induced by appropriate gestures that have

been considered pertinent for the contraction of the target muscle. For

some articulatory muscles, however, there is a lack of normative EMG data

on which our verification can rely, as Shipp et al. (1968) have pointed out.

Verification thus depends to a certain extent on the experimenter's empirical

judgment based on his knowledge of anatomy and clinical and experimental

practice. Further effort will be needed to reach unanimous agreement on the

normative behavior of the articulatory muscles, although some interindividual

variation both in anatomy and in function must.always be taken into consideration.

Instrinsic laryngeal muscles

Posterior cricoarytenoid (PCA). The PCA is reached perorally by indirect

laryngoscopy using the L-shaped needle holder described above. Using this

approach, one can insert the needle parallel to the alignment of the muscle

fibers; insertion is performed under inspection with a laryngeal mirror.
During insertion,the subject is in a sitting position and is asked to phonate

a sustained vowel so as to open his hypopharyngeal lumen for easier access to

the site of insertion, which is illustrated in Figure 2. The insertion is

thus made into the belly of the muscle on the cricoid cartilage through the

hypopharyngeal mucosa. By this approach, there is little possibility of con-

tamination with neighboring muscles unless the insertion is made too cranially.

Ldentification is made by having the subject repeat short periods of

vowel phonation interspersed with deep inspiration. The PCA is active for

inspiration ard suppressed for the period of phonation, and this pattern is

very characteristic.

Interarytenoid (INT). The insertion into the INT can be made either

perorally or percutaneously. For peroral approach, the same technique is

used as for the PCA and insertion is made at the midline between the two

arytenoid prominences (Figures 3 and 4). By the percutaneous route, the

transporting need12 is inserted through the cricothyroid space, penetrating

the skin and the cricothyroid membrane at the midline. Under inspection with

a laryngeal mirror, the needle is pushed backwards and slightly upwards so as

to pierce the anterior wall of the interarytenoid region to reach the INT

(Figures 3 and 4). Both approaches are made with the subject in a bitting

position. There is almost no possibility of contamination with other muscles

in this case.

Verification of the placement is made by asking the subject to repeat
short periods of phonation. The general pattern of INT activity is almost
reciprocal to PCA; there is marked activity for the period of phonation.

Cricothyroid (CT). The percutanous route is always taken with the
subject in a supine position. Insertion is made at a point above the cricoid
ring and approximately 1 cm lateral to the midline. The needle is directed
posterolaterally and slightly upwards aiming at the lower edge of the thyroid

lamina. This is the same technique as reported by Hirano and Ohala (1969).

Verification of the correct placement is made by asking the subject to
attempt an ascending scale. The CT shaws marked activity for a quick rise

in fundamental frequency.
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A Diagrammatic View of the Larynx During Sustained Phonation by
Indirect Laryngoscopy

Fig.2

Note: A cross (x) indicates one point of needle insertion into the posterior

cricoarytenoid
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A Sagittal Section of the Larynx with Illustration of the Direction of
Needle Insertion to the Interarytenoid

A. Percutaneous RDute

B. Peroral Route

78

17

interorytenoid

Fig. 3



Indirect Laryngoscopic View of the Larynx During Quiet Respiration

Note: An arrow (4) indicates the direction of a needle inserted percutaneously

into the subglottal space towards the interarytenoid area. A cross (x)

indicates one point of needle insertion into the interarytenoid by the

peroral route.

Fig. 4
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There is, however, a possibility of misplacement of the electrodes
either in the lateral cricoarytenoid (LCA) if the placement is too deep or
in the sternohyoid (SH) if the insertion is too superficial. In order to
differentiate the CT from the LCA, the subject is asked to attempt breath-
holding or swallowing. These maneuvers should not give EMG activity unless
the placement is into the LCA. For discrimination from the SH, the subject
is then asked either to open his jaw by resisting the experimenter's hand
holdlng it or to raise his head from the headrest. These attempts will
elicit marked activity if the insertion is not deep enough and the electrodes
are hooked into the SH.

Thyroarytenoid (VOC). Percutaneous insertion is made with the subject
in a supine position attempting sustained phonation. The skin is pierced at
a point close to the midline at the level of the cricothyroid space. The
needle is then directed cranially and slightly laterally penetrating the
cricothyroid membrane to reach the muscle from its inferior surface (Figure 5).
This route is slightly different from that reported by Hirano and Ohala (1969),
since the needle does not pass through the subglottal space but through the
submucous tissues near the anterior commissure.

For verification, the subject attempts to produce low-frequency phonation.
The VOC also shows activity during swallowing. Although there is little
possibility of contamination with other muscles, the electrodes can pick up
the mechanical vibration of the vocal fold if the placement is made too
close to the free margin of the fold. In such a case, replacement of the
electrode by another insertion is mandatory.

Lateral cricoarytenoid (LCA). The point of insertion is almost the
same as for the CT. The needle is then directed laterally.and slightly
cranially penetrating the cricothyroid membrane at a point anterior to the
inferior tuberculum of the thyroid cartilage and deeply enough to reach the
LCA. This route is similar to that reported by Hirano and Ohala (1969). (See
Figure 5.) Contamination with the VOC can be avoided if the direction of
insertion is kept lateral and less cranial so as to stay along the contour
of the cricoid ring.

Identification is made by having the subject attempt breath-holding

or glottal stop production. These maneuvers, as well as swallowing, give
marked activity and serve to discriminate the LCA from the CT as described

above.

Strap Muscles of the Neck

Sternohyoid (SH). The contour of the SH can be palpated or even seen
through the skin when the subject is asked to raise his head from the head-

rest in supine position with his head kept extended, unless the subject has

a very short, fat.neck. The contour is usually clear at the level of the

thyroid lamina where the insertion is made. This region is also preferrable

to avoid possible contamination with other muscles. As the subject raises

his head in a supine position, the Tieedle is inserted lateral to the midline

parallel to the alignment of the muscle fibers. This technique is similar

to that reported by previous authors (Hirano et al., 1967).
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The exact placement is verified if marked activity is observed when

the subject raises his head from the supine position, opens his jaw, or

produces very low-frequency phonation.

Sternothyroid (ST). The ST is covered by the SH for almost its entire

course in the neck except for the most caudal portion, where it tends to

run more medially than the SH, since the ST attaches to the sternum more

medially than the SH, as illustrated in standard textbooks of anatomy.

Therefore, our attempt at reaching this muscle is made by inserting the

needle at a-Ievel 2-3 cm above the suprasternal notch and at the anterior

border of the sternomastoid muscle and by directing the needle cranio-laterally.

When the subject contracts this muscle by holding his head up from the head-

rest in a supine position, we usually feel penetration of its fascia followed

by marked EMG activity observed on a monitor oscilloscope. The gross pattern

of activity of the ST is not much different from that of the SH so that

absolute discrimination from the SH may still be questionable, although it

is claimed that the ST appears to be more relevant for pitch lowering than

the SH (Simada et al., in press; Hirano, pers. com.).

Thyrohyoid (TH). The TH runs directly on the thyroid lamina and attaches
to the linea obliqua, where it is covered by other strap muscles. Insertion

of the needle is made at the level of the superior edge of the thyroid lamina,

and the needle is pushed caudally and laterally aiming at the linea obliqua

until the tip of the needle hits the surface of the cartilage. The cut ends

of the electrodes should then be placed in the muscle tissue of the TH, since

there is some distance between the hooked ends of the electrodes and the very

tip of the beveled end of the needle touching the cartilage.

The EMG activity is observed on a monitor oscilloscope when the subject

is asked to attempt quick jaw opening or retraction of the tongue. Again,

functional differentiation of the strap muscles is not possible on the basis

of present knowledge, so that we must rely on anatomical expectation.

Velopharyngeal Muscles

The peroral approach is always attempted with the subject in a sitting

position for insertion into the velopharyngeal muscles. The electrode-bearing

needle (usually with an angulated shaft) is held by a pair of alligator forceps.

Levator palatini (LEV). Insertion is made into the levator "dimple" on

the soft palate with the subject attempting sustained open vowel phonation.

The tip of the needle is directed latero-cranio-posteriorly approximately 10 mm

from the surface of the mucosa.

Verification is made by asking the subject to repeat the production

of [s]. Marked activity can be observed for this strong oral gesture if

the electrodes are placed properly.

Palatoglossus (PG). The PG is the muscular component of the anterior

faucal pillar. This muscle is reached by inserting the angulated needle into

the anterior pillar either cranio-caudally or in the opposite direction.

Since the insertion is made under direct inspection, verification is satisfied

.if marked activity is shown when the subject swallows.
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Palatopharyngeus (PP). In our EMG study, the PP is regarded as the
muscular component of the posterior faucal pillar, although there has been
same controversy in the past literature on its anatomical description (Bosma
and Fletcher, 1962; Fritzell, 1969).

The insertion is made into the posterior faucal pillar under direct
inspection. Verification of correct Placement is, therefore, satisfied if
EMG activity is monitored during swallowing.

Superior constrictor (SC). The tip of an angulated needle is directed
cranially to reach the posterior pharyngeal wall lateral to the midline at -

the estimated level of velopharyngeal closure. The insertion is made under
inspection and, therefore, placement is verified if EMG activity is observed
for swallowing.

Middle constrictor (MC). Insertion is made using an angulated needle
directed caudally into the posterior pharyngeal wall near the level of the
tip of the epiglottis. The tongue of the subject is protruded and held for
better visualization of the site of insertion.

Practically, precise discrimination of the upper portion of the middle
constrictor from the lower fibers of the superior constrictor is difficult,
since the constrictor muscles of the pharynx are interlayered at the level
of transition from one to the other (Hollinshead, 1966). Therefore, it
should be mentioned that what we attempt to examine as the middle constrictor
is rather a topographical representation of the pharyngeal constrictor at
this particular level. Verification of electrode placement is made in
essentially the same way as for the SC.

Suprahyoid and Tongue Muscles

These muscles are reached percutaneously with the subject in a sitting
or semi-Fowler position.

Anterior belly of digastric (AD). The contour of the AD is palpable
if the subject attempts to open his jaw by resisting the experimenter's
hand holding it or if he strongly pushes the tip of his tongue on to the
upper alveolar ridge with his mouth slightly open. Insertion is made, with
the subject attempting either one of the maneuvers mentioned above, at a
point near the anterior attachment of the muscle to the mandibular ridge.
The needle is directed obliquely to.the surface of the skin aiming at the
muscle belly. Verification is made by having the subject open his jaw,
a movement which should be accompanied by marked EMG activity. There is
little possibility of contamination with other muscles.

Mylohyoid muscle (MS). Insertion into the MH is made near the ridge
of the mandible, lateral to the lateral margin of the AD and anterior to
the hyoid bone. The experimenter puts his finger onto the floor of the
mouth to palpate the tip of the needle perorally. This technique is similar
to that reported by Smith and Hirano (1968). (See Figure 6.) Verification
is made if the EKG activity is monitored when the subject retracts the
tongue backwards or produces Ek] repeatedly.
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This muscle is so thin that electrode placement is not always satisfactory
in spite of the fact that there is little possibility of contamination with
other muscles.

Genioglossus (GG). A percutaneous approach is always taken, although
the peroral approach is possible as reported by previous authors (Sauerland
and Mitchell, 1970). The needle is inserted perpendicularly to the surface
of the skin at the midpoint between the yoid bone and the mandibular ridge
in the paramedian line. The needle is then directed deep enough to be palpated
by the experimenter's finger inserted onto the floor of the mouth of the
subject. The technique employed in our experiment is the anterior GG placement
described by Smith and Hirano (1968). (See Figure 7.)

Exact placement is verified by having the subject protrude his tongue or
swallow; vigorous activity should be monitored for these maneuvers. Little
possibility of contamination with other muscles is expected if the needle is
directed and palpated as described above.

Geniohyoid (GH). The needle is inserted in the paramedian line more
caudally than the insertion point for the GG, approximately 10 mm above the
level of the hyoid bone. At this level, the MH is almost a tendinous structure
covering the inferior surface of the GH. The needle should not be inserted too
deeply but should be stopped after the penetration of that tendinous tissue
which can usually be felt by the tip of the needle. The estimated depth of
insertion is approximately 2-2.5 cm (Figure 7).

Verification of the placement by observing the EMG signal does not
seem to be straightforward since there is a conflict of opinions on
the function of this muscle (Cunningham and Basmajian, 1969). According
to our observation, however, the-:e is some difference in the pattern of the
EMG activity of this muscle for swallowing and tongue protrusion of that
of the GG, with which the GH is most likely to be confused. Namely, as
Cunningham and Basmajian (1969) reported, GH activity follows with some
delay in time that of GG activity for the initiation of swallowing, and
for simple tongue protrusion, the GH appears to be less active than the GG.
Further investigation will be necessary for satisfactory EMG assessment of
this particular muscle.
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Action of the Extrinsic Musculature in the Control of Tongue Position:

Preliminary Report

Katherine S. Harris*
Haskins Laboratories, New Haven

The position of the tongue in the mouth is controlled, in part, by a

group of muscles which connect it to the mandible and the hyoid bone. In

addition, since the tongue itself rests on the hyoid, its position is influenced

by forces acting on the hyoid. While the possible functions of the muscles can

be inferred from their origins and insertions, as described in the usual ana-

tomical texts, the tongue's position in running speech depends crucially on

muscle interactions, which must be directly observed.

The purpose of the present study was twofold: first, to supplement exist-

ing normative data on speech function and, second, to continue work begun,

particularly by MacNeilage and deClerk (1969) and Smith and Hirano (1968), on

the difficult problem of understanding positional variants of the phoneme.

Same extremely preliminary results will be reported here.

METHOD

Electrodes were inserted into the genioglossus and various infra- and supra -

hyoid muscles, by the techniques described by Hirose (1971). Two subjects were

used; most of the data reported here are from the second run of one subject.

The subjects read random lists of the form /OCVC/. The first consonant was
/p/, /t/, or /k/; the second consonant was /p/, /t/, or. /k/; and the vowel was

/i/, /a/, or /u/.

Outpuf data processing is described by Port (1971). For'averaging, the

utterances were lined up at the end of voicing for the initial unstressed vowel.

In the following figures, line-up is indicated by "0" on the abscissa, while
onset and termination of voicing for the stressed vowel are indicated by arrows.

RESULTS

Genioglossus

The output of the genioglossus is shown for the syllables /pip/, /pdp/, and

/pup/ in Figure 1. As one might expect from traditional descriptions of the

function of the muscle, activity is greatest for /i/, less for /u/, and least

for /0./. No distinct peaks were associated with any initial or terminal consonants,

although there was some modification of the rise and fall contours of the vowel;

the peak heights of the vowels were not influenced by initial and terminal

consonants. Our results on this point seem to be roughly comparable with those

of Smith and Hirano (1968), although it is difficult to be sure without an oppor-

tunity to make more detailed comparisons.

*Also The Graduate Center of the City University of New York
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Anterior Belly of the Digastric

The action of the anterior belly of the digastric is quite clearly to

open the jaw. As shown in Figure 2, there is essentially no action for /i/

and /u/ and a large peak for Am/. Peak sizes for the vowel do not seem to

be affected by preceding or following.consonants. A similar result has been

reported by Hirose et al. (1968, 1969).

Strap Muscles

Data from the same three CVC syllables for the sternohyoid, sternothyroid,

and thyohyoid muscles are shown in Figures 3, 4, and 5, respectively. All

three appear to be correlated with jaw opening, as is the action of the anterior

belly. This result has been previously reported by Ohala and Hirose (1970) and

by GArding et al. (1970). There is same tendency for the peak to be somewhat

larger for /i/ than for /u/. However, the data from the thyrohyoid and sterno-

thyroid muscles are most unsatisfactory from the point of view of recording level.

Mylohyoid

The activity of the mylohyoid for the same three utterances is shown in

Figure 6. Here /4/ and /u/ show similar patterns, while ii/ is considerably

higher. This pattern seems in general agreement with the.presumed function of

the mylohyoid in raising the floor of the mouth, although the difference between

/i/ and /u/ is not explicable on this simple basis. Smith and Hirano (1968)

report no activity for any vowel in these environments, which is somewhat puzzling.

The mylohyoid is unlike the other muscles described here in that much more

substantial peaks are seen for the consonant [k] than for .any vowel and that [t]

is also quite large, whether in initial or terminal position. Figure 6 shows an

example of this sort. Detailed comparisons of peak sizes can be made by exam-

ining Table 1.

As one can see, there are modifications of peak size in the terminal con-

sonant depending on the preceding vowel and modification of the vowel depending

on the preceding consonant. In addition, there are modifications of the size

of the initial consonant peak depending on the following vowel. Similar,

although not identical, results are reported by Smith and Hirano (1968).

COMMENTS

The types of interaction reported here have been previously discussed by

MacNeilage (1970), MacNeilage and deClerk (1969), and Smith and Hirano (1968).

The modification of the terminal peak by the preceding vowel and the modifi-

cation of the vowel by the preceding consonant are MacNeilage and deClerk's

left-to-right effects and are quite common in EMG studies, as they point out.

They do not, however, necessarily represent a modification of target position

in movement terms but may merely reflect the fact that muscle contractions will

be larger if more movement of the articulators is required. Even if, for

example, an X-ray study of the tongue showed the same position for [i] after

[k] as after [p],we would expect to'find left-to-right effects at the EMG level.

The modification in size of the initial [k] and [t] peaks is a right-to-

left effect, sometimes described as anticipatory coarticulation. Anticipatory
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coarticulation has been studied before both at the EMG level and at the

movement level (see Amerman et al., 1970,for example). However, two rather

different kinds of phenomena are described this way. The common example

given is the rounding of the lips during [t] closure, when the following

vowel is [u]. This may represent simply a change in timing of the activity

associated with the vowel and does not necessarily indicate a change in the

muscular organization of vowel formation.

The example here is quite different; we might hypothesize that the [k]

peak is made by the combined action of the genioglossus and the mylohyoid

(and probably other muscles) when the genioglossus is active for the vowel

but by the mylohyoid when the genioglossus is not active for the vowel and

when, in addition, the jaw is opening for the vowel. Although mere timing

changes in muscle action could explain the lip-rounding example, they cannot

explain this type of reorganization. Indeed, any explanation must depend on

some complex type of preprogramming, since reorganizatien depends on events

from which feedback is not yet available. Obviously, these phenomena will

require detailed study in the future.
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Electromyography of the Intrinsic Laryngeal Muscles During Phonation

+ -H- +++ ++++
Thomas Gay, Hajime Hirose, marshall Strome, and Masayuki Sawashima

Electromyographic studies of the laryngeal muscles during phonation have
been widely reported in the literature, with the classic experiments of Faaborg-
Andersen (1957, 1965), in particular, providing a basis for describing the
laryngeal control of phonation. Nonetheless, a number of questions about the
control of fundamental frequency and intensity within and across vocal registers
and the reliability of EMG measures, in general, have remained unanswered. This
was due, largely, to the technical problems inherent in using concentric needle
electrodes and the difficulty in extracting subtle changes in muscle activity
patterns from raw EMG data. However, recent advances in both EMG recording
and processing techniques have provided the necessary capability for answering
these questions. On the one hand, hooked-wire electrode insertion techniques
(airano and Ohala, 1969) have made possible the simultaneous recording of the
intrinsic laryngeal musculature with a minimum of equipment interference and
subject discomfort. On the other hand, the use of a digital computer to aver-
age the integrated curves of a number of tokens of a given-vocal maneuver
(Cooper, 1965; Gay and Harris, in pregs) ha's provided a convenient and accurate
means of displaying the average strength of contraction of a given muscle or
muscle group.

The primary purpose of this experiment was to describe, in detail, the
actions of the intrinsic laryngeal muscles during various vocal frequency- and
intensity-changing maneuvers. In addition, the conditions of the experiment
were designed to simulate those of an earlier study (Sawashima et al., 1969)
in order to obtain data on the reliability of repeated EMG measurements.

PROCEDURES

Subjects were five adults, four male and one female, all native speakers
of American English. The female subject was a trained singer.

For each subject, an attempt was made to record from the five intrinsic
muscles simultaneously. However, this goal was reached only for two of the
five subjects. Unsatisfactory recordings were obtained for the vocalisl

+Haskins Laboratories, New Haven, and Department of Oral Biology, University of
Connecticut Health Center, Farmington.

-1-+.Haskins Laboratories, New Haven, and Faculty of Medicine, University of Tokyo.
44+Department of Otolaryngology, School of Medicine, Harvard University, Cambridge.

++++
Research Institute of Logopedics and Phoniatrics, University of Tokyo.

1By reason of both past experience and the verification techniques employed,
we are confident that we isolated the vocalis muscle. However, since the
insertion was not viewed directly, we cannot be virtually certain that the
electrode field did not include any potentials from the "external" thyroary-
tenoid. 98

97



muscle of one subject, for the interarytenoid muscle of another, and for the
posterior cricoarytenoid and cricothyroid muscles of the third.

The EMG data were collected by following our usual procedures of hooked-

wire electrodes, after the type described by Bagmajian and Stecko (1962), and

computer processing (Hirose, 1971; Port, 1971).

The acoustic measurements of fundamental frequency and relative intensity

were made from oscillographic records obtained from a Honeywell Visicorder

optical oscillograph.

Electromyographic data were collected for three different conditions of

phonation:

1) Frequency Control: Chest Register - a stepwise change in fundamental
frequency (as an arpeggio, "do-mi-sol-do-sol-mi-do") for phonation of a cus-
tained /a/ at both moderate and loud intensity levels.

2) Frequency Control: Falsetto - sustained phonation of /a/ at high
pitch-chest register, low pitch-falsetto, high pitch-falsetto.

3) Intensity Control - sustained phonations of /a/ for combinations of

three pitch conditions (low pitch-chest, high pitch-chest, falsetto) and three

intensity conditions (low, moderate, high).

4) Vocal Attack - sustained phonation of /a/ with three different attacks:
breathy, simultaneous, glottal. (Data not presented here.)

All utterances were repeated successively between ten and twenty times.
For each trial of frequency control, subjects were instructed to keep constant
intensity regardless of the change in frequency of voice. 'The subjects were
allowed ample practice and, in addition, were able.to monitor intensity levels
by means of a db meter. In the intensity control experiment, the subjects were
asked to phonate at three different intensity levels for each fundamental fre-
quency level, maintaining a constant fundamental frequency for each intensity
level. Where necessary, the subjects used earphones to match their fundamental
frequencies to the output of a sine wave oscillator.

RESULTS AND DISCUSSION

Frequency Control: Chest Register

In general, the data of this series show that increases in fundamental
frequency are accompanied by progressive increases in the activIty of the
tensor muscles of the larynx. This is clearly illustrated in Figure 1, which
summarizes the low-intensity arpeggio data for a single male subject. Since
the averaged EMG curves remained at a relatively steady level throughout the
duration of each arpeggio step (except for same overshoot at the onset of phon-
ation), each step is shown by a single data point, which represents the graphic
average (straight line fit) of the curve between 300 and 500 msec after the

onset of phonation. Although an increase in fundamental frequency produces
an increase in the activity of all intrinsic muscles, the greatest increase

is for the cricothyroid and vocalis muscles. Note also the activity of the
posterior cricoarytenoid, which increases markedly at the highest pitch level.
Apparently, the posterior cricoarytenoid, as an antagonist to the cricothyroid,
can also act as a tensor of the vocal folds. Figure 2 shows the same data for
the high-intensity arpeggio. Here, the same activity pattern is evident but
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with higher levels for both the tensor muscles and the interarytenoid muscle.

Posterior cricoarytenoid activity is also apparent, following the curve of the

cricothyroid.

With respect to the cricothyroid, vocalis,and posterior cricoarytenoid
muscles, the data obtained from the other subjects showed quite similar activity

patterns, with progressive increases Of activity accompanying stepwise increases

in fundamental frequency and a general heightening of overall tensor activity

for the higher intensity series. However, some variability was found for the

adductor muscles. The increase in activity for the interarytenoid muscle at
high intensity was peculiar to this subject. Other subjects also showed in-

dividual patterns of adductor muscle activity. One subject, for example, show-

ed a marked increase in lateral cricoarytenoid activity at only the highest

arpeggio step for both intensity conditions. Generally though, the higher fre-

quency steps were characterized by only slight increases in adductor activity.

It is generally agreed that the cricothyroid and vocalis muscles are
primarily responsible for the control of fundamental frequency. The data 'of

this experiment show,further, that the actions of the two muscles vary sys-
tematically with both upward and downward changes in fundamental frequency.
It has also been suggested (Sawashima et al., 1969) that the functions of these
two muscles in regulating fundamental frequency differ in that the activity for
the cricothyroid muscle varies more linearly with changes in frequency. The

data obtained here show, rather, similar changes in activity patterns for both
muscles. In a strict sense though, neither seems to bear a linear relationship
to fundamental frequency.

The posterior cricoarytenoid finding is an interesting one and one which
is in disagreement with the data of Faaborg-Andersen (1957), which showed
relaxation of the posterior cricoarytenoid with increases in fundamental fre-
quency. The contribution of the adductor muscles to changes in fundamental
frequency is also less than straightforward. Hirano, Ohala, and Vennard (1969)

suggest that the lateral cricoarytenoid participates in the regulation of fun-

damental frequency. The data of this experiment show that, indeed, the lateral
cricoarytenaid sometimes does show increased activity with increases in pitch,

but its actions,when evident, seem less consistent than those of the tensors.
The interarytenoid reveals the same variability, depending on the particular
subject.

Briefly summarizing then, the dominant muscle forces in regulating fun-
damental frequency in chest register are those of the cricothyroid and vocalis,
with some antagonistic action of the posterior cricoarytenoid, especially at
the higher frequency levels. Adductor muscle action probably plays a secondary
role with specific contributions varying with the individual.

Frequency Control: Falsetto

Previous experiments (Faaborg-Andersen, 1957, 1965; Hirano et al., 1969;

Sawashima et al., 1969) have shown fhat vocalis muscle activity (and often

cricothyroid muscle activity) decreases with i shift in register from chest
voice to falsetto. The data shown in Figure 3 confirm this and indicate, more-
over, that a shift from high chest voice to low falsetto is reflected by a

generalized relaxation of all the laryngeal muscles. However,increases in pitch
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within falsetto were accompanied by greater overall muscle activity. In the
case of the trained singer, the muscle activity pattern for an arpeggio sung
entirely in falsetto mirrored the pattern for chest voice, but with a lower
corresponding level of muscle activity, i.e., the average EMG level for the
first step in falsetto (260 Hz) was lower than that for the highest step
(also 260 Hz) in the chest voice arpeggio.

Intensity Control

Generally speaking, the regulation of vocal intensity can be accounted
for by changes in glottal resistance (laryngeal tension), by subglottal air
pressure, or by both. As with previous EMG studies of intensity control, the
data of this study provide direct information on only the laryngeal tension
aspect; subglottal pressure contribution can be made only by inference.

The results of earlier EMG studies of the larynx are somewhat contradic-
tory regarding the mechanism of intensity control. Both Faaborg-Andersen
(1957) and Sawashima et al. (1958) report no significant change in the activity
of the vocalis or cricothyroid muscles with changes in intensity, while Hirano
et al. (1969) suggest active participation of the vocalis and lateral crico-
arytenoid in regulating intensity in chest register, with a reduction of
activity in falsetto.

In this series, EMG data were obtained for combinations of three pitch
conditions (low-chest, high-chest, falsetto) and three intensity conditions
(low, moderate, high). Figure 4 summarizes the data for three subjects.
Again, each data point represents the averaged muscle activity between 300
and 500 msec after the onset of phonation.

The top row of Figure 4 summarizes the intensity data for Subject FSC.
At low pitch-chest, there are only very slight increases in muscle activity
across changes in intensity. At high pitch-chest, activity increases are
sharper for the cricothyroid, lateral cricoarytenoid, and posterior cricoaryten-
oid, but vocalis activity levels off. There is a general leveling off or

reduction for all muscles in falsetto. The curves for LJR show less general
increase, except for vocalis aDd interarytenoid activity in high pitch-chest.
The curves for LL, on the other hand, are relatively flat for all sets, with
even some reduction of activity at high-intensity falsetto.

Except in three instances, muscle activity levels remained relatively
steady or increased only slightly across changes in vocal intensity. Levels

for falsetto were especially steady. Larger increases are more evident among
sets, that is, as a function of fundamental frequency change. Also, given

even the slight increases related to intensity, it.would seem unlikely that
the small changes in activity observed could be responsible for the large
increases in intensity levels produced.

Another finding is worth mentioning. In a previous study, Hirano et al.
(1969) found that cricothyroid activity decreased as vocal intensity increased.
They suggested that this is a compensatory mechanism for regulating fundamental
frequency under conditions of increased laryngeal tension (high intensity).
This pattern of muscle activity WAS not evident for any of the present sub-
jects. Generally, cricothyroid activity either leveled off or increased
slightly across increases in intensity. However, since Hirano, Ohala,and
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Intensity Control - Sustained Phonation

Low Pitch-chest

400 FSC

Cricothyroid 0-0
Voco I is 0-- 0

Lot. Cricoarytono id
Intorarytonoid

Post Cricoarytonoid -

High Pitch-chest Falsetto

400
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.MIM IMM
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Relative Intensity in db

Note: Points in each graph represent averages of EMG data for three intensity
levels. Data are shown for three pitch levels (chest register-low pitch;
chest register-high pitch; falsetto) for each of three subjects. Intensity
levels (in db) are relative to the lowest intensity level produced for
each frequency (=0) and gre shown along the abscissa. Fundamental fre-
quencies are:
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Subject
Register

FalsettoChest-Low Chest-Hikh
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LL 95 Hz 190 Hz 290 Hz
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Vennard's subjects produced swelltones while the present subjects phonated

steady-state vowels, both results are probably equally tenable, if the con-

textual differences are taken into account.

Reliability of Repeated Measurements

As was mentioned at the onset, the conditions of this experiment were

designed to simulate those of an earlier one on the tensors of the larynx by

Sawashima et al. (1969). Two subjects in that experiment were also subjects

in the present one.

The arpeggio data for both subjects were quite consistent across the two

experiments. Although actual levels differed, activity changes were always

systematic. This was further confirmed when a second opportunity arose during

the course of this experiment to obtain another set of arpeggio data for one

of the subjects (LJR). Again, analysis showed systematic changes in tensor
muscle activity for stepwise changes in fundamental frequency along with

increased activity of the posterior cricoarytenoid at the highest pitch levels.

Tensor muscle relaxation accompanying a shift to falsetto was also con-

sistent for the two studies. Unfortunately, since much of the intensity and

voice onset data were fragmentary, other meaningful comparisons could not be

made. One final comparison, though, was possible. In the-present experiment,

Subject TG was one of two who showed a large peak in vocalis activity for

glottal attack. This was the same pattern evident in the first experiment.

These similarities are interesting, especially in light of the fact that

different electrodes were used for the first experiment (concentric needle

as opposed to hooked wire), that different surgeons did the insertions, and

that the second experiment was separated from the first by over a year. The

basic question then seems.to be answered: EMG measurements are repeatable.

It is at least a possibility,then, that some of the contradictory results

found by different investigators can be attributed to intersubject variability

and not necessarily to variations in data recording techniques.
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An Electromyographic Study of Laryngeal Adjustments During Speech
Articulation: A Preliminary Report

Hajime Hirose*
Haskins Laboratories, NeW Haven

INTRODUCTION

The aim of the present study is to examine the electromyographic ac-
tivities of the intrinsic laryngeal muscles during speech articulation.
Electromyographic (EMG) study of the laryngeal muscles in relation to the
laryngeal articulatory mechanism is, at present, still in the preliminary
stages mainly because of technical difficulties in obtaining reliable data
without disturbing the natural movements of the articulatory organs. In the

present study, an attempt was made to insert hooked-wire electrodes into the
posterior cricoarytenoid and the interarytenoid perorally by indirect laryn-
goscopy in order to achieve accurate electrode placement while preserving
natural articulatory activity. Percutaneous insertion, similar to that pre-
viously described in the literature (Hirano and Ohala, 1969; Hfrose, in
press), was used for EKG recordings from the rest of the laryngeal muscles.
The activities of five intrinsic laryngeal muscles were, thus, systemati-
cally examined with special reference to the articulation of American
English.

EXPERIMENTAL PROCEDURES

EMG recordings were made using hooked-wire electrodes. La order to in-

sert the electrodes into the posterior cricoarytenoid (PCA) and the inter-

arytenoid (INT), a peroral approach was attempted using-a specially designed
needle holder which permitted insertion of the electrodes into the target
muscles by indirect laryngoscopy under topical anesthesia. Insertion of the

electrodes into the cricothyroid (CT), the thyroarytenoid (iTOC), and the
lateral cricoarytenoid (LCA) was performed percutaneously. More detailed
description of the insertion techniques, including preparation of the
electrodes and the route of insertion, as well as a description of the

data-recording system and computer processing,- are elsewhere in this Status

Report (Hirose, 1971; Port, 1971).

The present experiment was performed on two subjects, both native
speakers of American English; for one subject, two separate recordings were
made, thus giving three sets of final data. The subjects were required to
read randomized lists of stimulus words ten to sixteen times each. Table I
lists the muscles examined and the types of stimulus words used in each
experiment.

*
Also, Faculty of Medicine, University of Tokyo.
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TABLE I

MUSCLES EXAMINED*

Subject 1 (LL) Subject 2 (LJR)

Series A

Subject 2 (LJR)

Series B

posterior crico-
arytenoid (PCA)

interarytenoid (INT)

thyroarytenoid (VOC)

cricothyroid (CT)

PCA

VOC

CT

sternohyoid (SH)

orbicularis oris (00)

PCA

lateral cricoarytenJid
(LCA)

00

sternothyroid (ST)

superior constrictor
(SC)

genioglossus (GG)

geniohyoid (GH)

mylohyoid (MH)

For Subject 1 and for series A of Subject 2, an attempt was made to record

from five intrinsic muscles simultaneously. However, unsatisfactory record-
ings were obtained for the LCA of Subject 1 and for the LCA and INT of Sub-

ject 2. For series B of Subject 2, only the LCA and the PGA were selected

as representatives of the intrinsic laryngeal muscles.

Subject 1 (LL)

TYPES OF STIMULUS WORDS

Subject 2 (LJR)

Series A

Subject 2 (LJR)

Series B

aCAp aCAp aCip

C: p,b,s,z,h

bACa
C: p,b,s,z,h bACa

C: as above

C: p,b,t,d,k,g,f,v,s,

abAC
C: p,b,s,z,h

AbaC
C: p,b,s,z

pApa

hApa

abAC
C: as above

AbaC
C: as above

PAP a

hAp a

number of number of
stimulus types = 20 stimulus types = 69

C: b,s,z,t,d,h

apVC
V: L,i,V,u,e,e,
C: p,b,t,d,k,g,s,z

meaningful words:

a pit
a bit
a spit
a split
a hit

a sit
a fit
a cap
a gap
a fan
a van

number of
stimulus types = 77
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RESULTS

Each of the EMG curves in Figures 1 through 3 represents a computer
average of ten to sixteen utterances. The line-up point (0 on the time axis)

in these samples was selected at the voice offset of the stressed vowel be-

fore the final stop consonant. The timing marks for the acoustic signals in
each figure were obtained by averaging values measured from oscillographic

records.

Posterior Cricoarytenoid (PCA)

The general EMG pattern of the PCA clearly demonstrates the voiced/voice-

less contrast. In the case of [apAp] in Figure 1, for example, the EMG ac-

tivity of the PCA starts to decrease approximately 250 msec prior to the on-

set of initial [a]. The activity then begins to increase 100 msec before the

stop closure of [p], reaching the peak 110 msec prior to the stop release,

and immediately begins to decrease with the production of the stress vcwel

[A]. Approximately 110 msec prior to the voice offset, it shows a steep rise

again for the final [p].

In [abhp], on the other hand, the 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 cut-ye ascends slight-

ly 110 msec prior to the release of [b], tfien descends again approximately

at the time of the release, and finally rises steeply starting 40-50 msec

before the voice offset.

The general patterns of PCA activity described above are also found in

Figures 2 and 3.1

Interarytenoid (INT)

The INT showed a reciprocal pattern of activity when compared to the PCA

in relation to the voiced/voiceless contrast.

As illustrated in Figure 1, INT activity in the case of [aphp] begins to

increase 250 msec prior to the initial vowel production, reaching its peak

when PCA activity reaches its valley. In general, the INT shows a sort of

inversion of the pattern of PCA activity throughout the utterance.

For the articulation of [abAp], the INT shows more or less continuous

activity for the voiced segments after the initial rise in activity,but there

is some decrease in activity for intervocalic [b] as compared to the neighbor-

ing vowel segments.2

1The question of differences in the amplitude or the duration of the averaged

EMG activity for the same phoneme with respect to phoneme environment will

not be considered in this paper.

2The tendency of INT activity to be lower for voiced consonants than for vowel

segments was more clearly revealed in the case of voiced fricatives, whose

data are not shown here.
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Superimposed Averaged EMG Signals of the Intrinsic Laryngeal Muscles of
Subject 1 for the Utterances [apAp] and [abAp]
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traces represent the signals of the thyroarytenoid,
and the posterior cricoarytenoid. The line-up point
indicates the voice offset of the stressed vowel be-
closure.
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Superimposed Averaged EMG Signals of, from Top to Bottom, the Orbicularis Oris,

the Posterior Cricoarytenoid, the Cricothyroid, and the Thyroarytenoid of

Subject 2, Series A, for the Utterances [ow] and (abwp]
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Superimposed Averaged EKG Signals of, from Top to Bottom, the Oibicularis Oris,

the Sternohyoid, the Lateral Cricoarytenoid, the Posterior Cricoarytenoid,
and the Superior Constrictor of Subject 2 Series B for the Utterances

[aprt] and [abzt]
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INT activity for the stressed vowel [A ] is higher after voiceless [D]
than after voiced [b] as illustrated in Figure 1.

Thyroarytenoid (VOC) and Lateral Cricoarytenoid (LCA)

The general patterns of EMG activity of the VOC (Figures 1 and 2) and the
LCA (Figure 3) are different from those of the PCA or the INT with regard to
the voiced/voiceless contrast. The most consistent findings on these two so-
called adductors are that EMG activity decreases for the consonant segments
regardless of the voiced/voiceless distinction and that the activity shows a
definite increase for vowel segments, particularly for the initiation of voic-
ing and for stressed vowels.

Cricothyroid (CT)

The CT (Figure 2) shows a temporary increase in EMG activity for the
stressed vowel but presents no consistent differences in relation to the voiced/
voiceless contrast.3

EMG Activity of the Other Articulatory Muscles

The orbicularis oris (00) showed increasing activity for [p] and [b] ar-
ticulation, as we would expect from findings of previous studies (Fromkin,
1966; Harris et al., 1965; Tatham and Morton, 1969). For [p], its activity
starts to increase synchronously with, or 30-40 msec before,the increase in
PCA activity (Figures 2 and 3). The duration of its activity for intervocalic
[p] varies from that of the PCA.

EMG activity of the superior constrictor and the sternohyoid, included in
Figure 3, will not be discussed here.

COMMENT

Since the introduction of the use of hooked-wire electrodes which is
usually combined with the percutaneous insertion technique, a considerable
number of reports have accumulated on laryngeal muscle activity during speech
and singing. In general, these studies, with related anatomical and modeling
work, support the classical division of the intrinsic laryngeal muscles into
three functional groups--abductor (PCA), tensor (CT), and adductor (INT, LCA,
VOC4). However, little attempt has been made to clarify the function of the
laryngeal muscles in consonant articulation.

In particular, participation of the PCA in speech has not been systematic-
ally studied, although the function of the PCA as i respiratory muscle has been

3
The peak amplitude of the CT is apparently higher for the stressed vowel
following the voiceless consonant [p] than for that following the voiced
[b]. The difference is, however, not consistent for other sets containing
'a voiced/voiceless contrast, whose data are not shown here.
4
The thyroarytenoid is generally believed to have an adducting effect, as well
as a shortening and tensing effect,on the vocal fold.
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well documented (Pressman, 1942; Suzuki and Kirchner, 1969). As far as PCA

activity in phonation is concerned, Faaborg-Andersen (1957) reported that EMG

activity of the PCA decreases during sustained phonation. Kotby and Haugen

(1970), on the other hand, observed increasing activity of the PCA during

phonation and postulated that the PCA is not solely an abductor muscle. Dedo

(1970) also reported increasing activity in the PCA during phonation in some

of his clinical cases. The data of these authors are concerned exclusively

with sustained vowel phonation, the fundamental frequency of which was not

definitely specified.

Hiroto et al. (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 cricothyroid, correspcnding to voiceless consonant

articulation. What they observed in their data was an apparent increase in

PCA activity accompanied by a decrease in the activity of the adductors for

articulation of the intervocalis [s]. Hirano and Ohala (1969) showed one

example of a raw EMG record of the PCA, illustrating increasing activity

for release of glottal stops with reciprocally decreasing activity in the INT.

In the present study, it was clearly revealed that the PCA actively part-

icipates in the laryngeal articulatory adjustments, particularly for the voiced/

voiceless distinction. There is a consistent increase in PCA activity for voice-

less consonant production regardless of the difference in phonetic environment.5

In addition to gross adjustment of the glottal condition, as in voiceless

consonant articulation, the PCA also appears to participate in finer adjustments,

as is seen near the end of the [b] segment in Figures 1, 2, and 3 where the

glottis seems to be slightly opened by minor PCA activity to permit a possible

escape of air through the narrowed glottis.

The laryngeal gestures necessary for consonant production should require

rapid muscle adjustments in both the abductor and the adductor groups of the

larynx. Although there is some controversy about the contraction properties

of the PCA of experimental animals (Hast, 1967; Hirose et al., 1969; Martensson

and Skoglund, 1964), the present data suggest that the human PCA is able to

execute fast contraction equivalent to that of the adductor muscles in laryngeal

articulatory adjustments.

In a study of EMG activities of the laryngeal muscles in singing (Gay et al.,

1971), we observed that PCA activity is generally suppressed during sustained

phonation except for the very end of voicing in low and medium frequency ranges

in the chest register and in falsetto, while it increases for high chest voice

phonation. The increasing PCA activity in the latter condition may reflect the

counterbalancing function of the abductor for the strong contraction of the

adductors, as suggested in previous literature (Pressman, 1942; Suzuki and

Kirchner, 1969). Another possibility is that different kinds of motor units

are participating in the execution of muscle contraction in different conditions
of phonation, since there is evidence, at least in animal experiments, that the

PCA consists of several kinds of motor units (Suzuki and Kirchner, 1969).

5The increase in PCA activity for voiceless consonants is not so marked when

the voiceless consonant is in absolute initial position, as in [pApa]. Such

data are not shown here. 1 1 3
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Although the function of the PCA, particularly in sustained phonation,

should be a subject for further investigation, the role of the PCA as an

abductor in speech articulation is demonstrated in the present study.

The present data indicate that there is apparently reciprocal activity

between the PCA and the INT. In this sense, the INT can be considered to be

a representative adductor of the vocal fold. As described above, there is

an apparent difference in the degree of INT activity for vowel segments depend-

ing on the preceding consonant. Since the EMG activity represents the muscle
action necessary for obtaining effective force or displacement, the degree of

the activity should be higher if, for example, the displacement is larger.

The glottal width is obviously larger in the articuLetion of voiceless con-

sonants than in the articulation of voiced consonants,as observed in recent

fiberoptic studies (Sawashima, 1968, 1970). Therefore, it is reasonable that

the activity of the INT, which is responsible for adducting the vucal fold,

should be greater after voiceless consonants accompanying the more widely

abducted glottis.

The fact that INT activity is apparently less for voiced consonants than

for vowels indicates that there is a difference in laryngeal adjustment be-

vileen vowel and voiced consonant.

It should be noted that the other laryngeal adductors, the LCA and the

VOC, appeared to be activated only for vowel production. It is possible that

the LCA and the VOC are not merely adductois of the vocal fold and that there

is functional differentiation within the group of so-called adductor muscles.

The lesser activity of the LCA and the VOC for the production of voiced con-

sonants than for vowels again suggests a difference in glottal adjustments be-

tween these two phonetic conditions. If these adductors are less active for
voiced consonant production than for vowel production, the-glottal closure,

and possibly the tension of the vocal folds, should tend to be less in the

former condition. Table II illustrates a combination of the activities of

the functionally different laryngeal muscle groups as a possible physiological

correlate for different phonetic conditions.

TABLE II

Abductor Adductor

PCA

vowel

voiced consonant

voiceless consonant

INT

4+

VOC
LCA

+++

+4- represents high activity, while + indicates moderate activity. In the INT,
for example, EMG activity was evident both for the vowel and for the voiced con-
sonant but more so for the vowel. In the VOC and the LCA, the degree of EMG
activity for vowel production apparently differs depending on the prosodic condition,

i.e., it is higher (++) for stressed vowels.
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The present report is based on the analysis
processed thus far. A more detailed report will
laryngeal articulatory adjustments. The effects
phonetic categories on laryngeal muscle activity
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The Velopharyngeal Mechanism: An Electromyographic Study
A Preliminary Report

Fredericka B. Berti*
Haskins Laboratories, New Haven

The velopharynx has been of interes:: to those concerned with the clini-
cal problems of anomalous mechanisms (i.e., cleft and nonfunctional palates)
for some time. More recently, linguists have become interested in the velo-
pharynx as the possible site of certain distinctive phonological features.
This report presents some of the preliminary findings of an electromyographic
(EMG) study designed to describe the activity patterns of the velopharyngeal
mechanism in 1) oralization-nasalization gestures, 2) voicing distinctions,
and 3) adjustment of pharyngeal cavity size.

Fritzell (1969) surveyed and expanded our knowledge of the velopharynx.
He reports that the levator palatini and the superior pharyngeal constrictor
present an "on-off" pattern of activity corresponding to oral and nasal sounds
(p. 31), with greater levator activity for.high than for low vowels (pp. 47, 63).
Lubker (1968) also reports greater EMG activity for high vowels than for low
vowels and greater velar elevation, measured on cinefluorographic films, for
high vowels than for low vowels. Lubker et al. (1970) also report higher peak
EMG potentials in the levator for voiceless consonants than for the cognate
voiced consonants. Fritzell reports, too, that the palatopharYngeus shows
great intersubject variation and no consistent pattern of oralization or
nasalization activity but demonstrates its greatest activity for low vowels.
The palatoglossus is there reported-to be active in lowering the velum for the
production of nasals and also in raising the mid and dorsal portions of the
tongue in the production of velar phonemes. Hence, / 9 / shows greater potentials
than /g/, as the palatoglossus is performing two functions during / / but
only one for /g/ (p. 48). In addition, Fritzell reports greater palatoglossus
activity for /u/ than for /41./ or /i/. Moll (1962) and Moll and Shriner (1967)
made cinefluorographic measurements of the velopharynx during speech and hypoth-
esize that velar height is greater for high vowels than for low vowels as a
consequence of the connection of the soft palate to the tongue by the palato-
glossus, limiting the distance between the dorsum of the tongue and the velum
to. the maximum length of the palatog]ossus muscle. Lubker et al. (1970) report
palatoglossus activity correspondir4 ro nasal consonant production and to three
instances of nonnasal articulations: /la, whose peak height exceeded all but
one nasal-associated peak, as well as two peaks associated with word-initial
oralization gestures. In addition, these same authors found small bursts of
palatoglossus activity accompanying strong levator activity.

*Also The Graduate Center of the City University of New York.
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Perkell (1969) and Kent and Moll (1969) report measurements of the
velopharynx in two cineradiographic studies. Both studies show larger velo-
pharyngeal cavity sizes during voiced stop consonant production than during

the production of the homorganic voiceless stops. Perkell attributes this
difference to the tension difference postulated by Chomsky and Halle (1968)

as a distinctive feature separating the two groups of stop consonants, /p,t,k/

and /b,d,g/. According to this theorY, the superior pharyngeal constrictor
contracts for the production of /p,t,k/, thus reducing pharyngeal cavity size
and increasing intra-oral air pressure, thereby reducing the transglottal

pressure drop necessary for the maintenance of glottal pulsing. Kent and

Moll, however, feel that the enlargement is not purely passive, but rather

that there is active enlargement of the velopharynx, perhaps by movement of

the hyoid bone and associated structures. They proposed that the sternohyoid

might have this function.

EXPERIMENTAL PROCEDURE

In the present study, bipolar hooked-wire electrodes were inserted into

the dimple of the levator palatini, the superior pharyngeal constrictor, the

middle pharyngeal constrictor, the palatopharyngeus, and the palatoglossus.

All of these insertions were peroral. In addition, percutaneous insertionz

were used for the placement of electrodes in the sternohyoid and the orbicularis

oris. The EMG potentials were recorded, along with the audio signal and automatic

timing markers, onto magnetic tape. The potentials were rectified, integrated,

and computer averaged. More detailed descriptions of the insertion techniques

are found in Hirose (1971); the data processing system is described by Port (1971).

There were two sets of stimuli:

1. C1VC2, where V is /i,u, cL,
either /p/ or

and where C1 = C2 and they are

2. fV1C1C2V2p, where V1 = V2 and they are
and C2 are different, C1 being /m,n,p,t

These subjects were three adult native speakers
American English.

RESULTS

/i,u,a/ and where C1
,k,b,d,g/ and C2 being

of various dialects of

The EMG data curves presented in Figures 1-7 reiresent averages of nine

to sixteen tokens of each stimulus type. Successful recordings were not

achieved from all insertions in all subjects. Reports of each muscle are

prefaced with the number of subjects for whom recordings were obtained. The

figures-presented are representative samples of the larger body of data, each

subject being represented tor each muscle wherever possible. The line-up

point for the fVCCVp stimuli was the boundary betveen the consonants. and for

the CVC srimuli.it Wes the onset of voicing. The line-up point is labeled as

"0".on the abscissa of Figures 1-7. Voicing onset of the first syllable of-

the fVCCVp stimuli and voicing offset of the second s3,11able of the ZVCCVp

and the CVC stimuli are -marked with vials in the figures.
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Levator Palatini

EMG recordings from the levator palatini demonstrate distinctive patterns
for the oralization and nasalization gestures. There is a burst of activity
for oral speech sounds and a co-:responding decrease in activity for nasal sounds.
There is a peak of activity corresponding to the production of stop consonants
which is greatest when the stop follows a nasal consonant (Figure la). Nasal
coarticulation is evident in vowels immediately preceding nasal consonants,
particularly when the vowel is /a/ (Figure la).

For one subject (FBB), the levator peak is always highest for the produc-
tion of a voiced stop, as compared to the peak corresponding to the voiceless
homorganic stop in the same environment (Figure la). In the other subject
for whom data are available (KSH), a distinction between voiced and voiceless .

homorganic stops is not evident from inspection of the averaged curves of
levator activity. For both subjects levator activity increases with vowel height
and backing (Figure lb).

Middle Pharyngeal Constrictor

EMG recordings from the middle constrictor were obtained for one subject
(KSH). There is a decrease in middle constrictor activity which corresponds
to nasal productions (Figure 2a), but the extent of nasal coarticulation has
not yet been determined. Activity in the middle constrictor is highest for
/i/ and lowest for /u/ (Figure 2b).

Superior Pharyngeal Constrictor

Superior constrictor recordings were obtained from one subject (FBB).
There is a decrease in superior constrictor activity which corresponds to the
production of nasal phonemes. Nasal coarticulation is evident in vowels immed-
iately preceding nasal consonants (Figure 3a). EMu activity is greater as tongue
height and backing decrease (Figure 3b, c). That is, the greatest activity is
found for /3e/, with peak height 4.gcreasing from /a./ to /i/ to /u/. There is
also a tendency for the peak EMG activity associated with stOp consonant pro-
duction to be greater for voiceless stops than for voiced stops in the s me
environments (Figures 4a, b).

Palatopharyngeus

EMG recordings of the palatopharyngeus were obtained from three subjects.
There is a decrease in EMG activity associated with nasal productions (Figure 5a).
Nasal coarticulation is evident in vowels immediately preceding na.;a1 consonants
(Figure 5a). In one subject (FBB), palatopharyngeus activity increases as tongue
height and backing decrease (Figure 5b), so that plak levels decrease steadily
from he/ to /cL/ to /i/ and finally to /u/. For subjects KSH and AA no data
are available for /se./. For these subjects, /a/ demonstrates the grzatest
vowel activity, with /i/ and /u/ having approximately equal peak heights.
Thus, patterns are similar for palatopharyngeus and superior phar7ngeal con-
strictor. For subjects KSH and FBB peak heights generally are lower for stimuli
containing voiced stops than for those containing their voiceless cognat.:?s
(Figure 5a). No voic:Lng data are ileggrailable for subject AA.
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Superior Constrictor
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Palatopharyngeus
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Palatoglossus

Two similar patterns of EMG activity have been found in the recordings
from the palatoglossus obtained from two subjects. In one subject (FP.11),

activity increases with tongue backing and height, so that peaks are found
for /k/, /g/, /u/, ane. /04, with /u/ greater than /a/ (Figure 6a) and /k/
greater than /g/ (Figure 6b). Peaks are occasionally found which correspond
to the production of // (Figure 6c), but these peaks never achieve the magni-
tude of those found for the corresponding oral phonemes. Otherwise, no peaks
are found which correspond to the production of nasal phonemes (Figures 6a, 7a).
For the other subject (AA), peaks are found which correspond to the production
of /k/ and /a/ (Figure 7b). Occasional peaks are found which correspond to the
time of stop consonant occlusion (Figure 7c).

COMMENTS

Oralization-Nasalization Mechanism

The levator palatini is the chief effector of velopharyngeal closure, as,
indeed, had long been assumed in the literature. Hence, it is active preced-
ing any oral sound and ceases for nasal sounds.

All of the other velopharyngeal muscles under investigation in this study
show a decrease in electromyographic potentials that corresponds to nasal articu-
lation. There is no evidence that any muscle in this group acts to lower the
palate for nasal coupling save the levator palatini, which accomplishes this
by a decrease in activity (Figures la, b). The palatoglossus, which has been
implicated as an active palate lowerer (Fritzell, 1969; Lubker et al., 1970),
generates a pattern of activity associated with tongue backing and raising
(Figures 6a, 7a,b, for example).

Voicing

Perkell (1969) has pointed to the superior pharyngeal constrictor as the
site of one of the features separating the class /p,t,k/ from the class/b,d,g/,
that is, as the site of the feature F±tensej postulated by Chomsky and Halle
(1968). Contraction of the superior pharyngeal constrictor reduces the dia-
meter of the pharyngeal lumen. Such a reduction in cavity size during pro-
duction of a stop consonant will cause an increase in the rate of equaliza-
tion of sub- and supraglottal pressures. The maintenance of a transglottal
pressure differential is essential to the continuation of glottal pulsing.
Hence, contraction of the superior pharyngeal constrictor will cause the cessa-
tion of glottal pulsing and result in the production of a 'voiceless" or "tense"
stop consonant. If the superior constrictor fails to contract, or demonstrates
a decrease in electromyographic activity, pharyngeal cavity size will be greater
and the transglottal pressure differential necessary to the continuation of
glottal pulsing will be maintained for a longer period. This state will allow
fo: the continuation of voicing during stop occlusion, proeucing a 'voiced" or
"lax" stop consonant.

Data collected from the superior constrictor for this study usually show
lower potentials for voiced than voiceless stops, although there are some
exceptions (Figures 3a,b). The palatopharyngeus appears to yield iower potentials

194
125



Palatoglossus

/fupmup/..---
/foornapi
/fukmupi
/fumkupi----

Fig. 6a

/fukmup/
ifugmup,----.

3c* Fig. 6b

/firitip/
/fikmip/----

-400 -MO -200 -100 0 lett
time iA.msec..

1 9

126

Fig. 6c



Palatoglossus
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for the voiced stops than for the voiceless stops (Figure 4b). The levator

palatini in one subject always yields higher potentials for the voiced stops

than the voiceless stops, and in the other subject the results are variable,

although the potentials corresponding to the class of voiceless stops are

not consistently higher than those for the voiced stops. All of this point,

to a mechanism of pharyngeal enlargement which is both passive and active.

Passive enlargment, noncontraction of the superior r_onstrictor and palato-

pharyngeus, will result in a larger pharynegeal cavity. Active enlargement is

accomplished by the increased activity of the levator palatini, whose stronger

r.ontraction will have the same effect on pharyngeal size as will noncontraction

of the muscular walls of the cavity.

Asa! cts of Phargeal Cavity S iz e

Measurements of pharyngeal cavity width and velar height for stop consonants

produced in different vowel environments show greater cavity width and velar

height for stops produced in the environment of a high vowel than a low vowel

(Kent and Moll, 1969). Perkell (1969) reports that the largest pharyngeal

cavity for a vowel occurs during production of /u/. In this vein, we note

that the levator palatini, which forms the roof of the pharyngeal cavity,

demonstrates its greatest vowel potentials for lu! and its lowe.t oral sound

potentials for /a./ (Figure lb). Note, too, that the superior pharyngeal con-

strictor demonstrates its lowest potentials for /u/. AddiLionally, the lowest

oral phoneme potentials of the middle pharyngeal constrict - correspond to /u/

production, as do those recorded from the palatopharyngeus.

The superior and middle pharyngeal constrictors and the palatopharyngeus

form the walls of the pharyngeal cavity. Enlargement of the cavity in the verti-

cal dimension may be accomplished by the eleiJation of the palate. Enlargement

of the pharyngeal lumen may be accomplished by lessening the contractions of

those muscles forming the cavity walls. Both of these patterns are found con-

sistently in the production of high vowels, with the exception of the middle

constrictor which gives its greatest peaks for the high front vowel /i/. Moll

and Shriner (1967) investigated a theory which would explain the difference in

velar height found for high and low vowels. They observed differences in velar

elevation and postulated that they were due to the mechanical constraints of

the system and not necessarily to diffarences in muscular fr,rce. That is, the

tongue and soft palate are connected by the palatoglossus inuscle, whose length

determines the maximum possible distance between the velum a-d the dorsum of

the tongue, thus requiring a lower velum for low vowels than ilor high vowels.

This theory was modified by Lubker (1968), who showed that the -13served diffel-

ences in velar height reflect differences in applied muscular fo.l.ce necessary

to achieve the degree of velopharyngeal closure required for a patz.ic:Ilar phoneme.

The current data are supportive of Lubker's (1968) modified theol-y, with

some extension. A narrow constriction in the oral cavity, such as occu:s in

high vowels, will increase the impedance of the oral cavity and make it more

likely that leakage through the velopharyngeal port will occur for a given velar

height. If the velum is elevated further for high vowels, and the walls of

the cavity remain relatively uncontracted, the impe,lance within the pharyngeal

cavity will be decreased while the strength of the li-Aopharyngeal seai will be

increased. The result of all this will be to decrease the probability of nasal

coupling during the production of high vowels. Thus, the present data indicate

1 7
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a cohesive pattern of activity which adjusts pharyngeal cavity size, as a com-

ponent of vowel articulation, for a constant seal.

The data and ideas presented here represent a preliminary evaluation of

data collected for a larger study. There are, as noted, intersubject varia-

tions in the activity patterns of the velopharyngeal musculature (e.g., voicing

distinctions in the levator palatini). The basis of these differences is as

yet undetermined but may lie in differences in electrode location, dialectal

variation, or idiosyncratic. articulatory gestures. As was noted earlier, we

have not yet achieved a complete picture of the vPlopharyngeal unit for all

subjects. A more thorough description of the velopharyngeal mechanism, and

explanation of the individual differences noted, must await further data collec-

tion and evaluation.
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An Blectromyographic Investigation of the Tense-Lax Feature in Some English

Vowels

Lawrence J. Raphael
Haskins Laboratories, New Haven

INTRODUCTION

Traditional phonetic literature presen s with a picture of vowel

articulation often referred to as the vowel Liangle..or quadrilateral. In

part, this vowel triangle appears as follows for Engligh-,vouels:

High

Mid

Tense

Lax

Tense

Lax

Front Back

Fig. 1: A Portion of
the Vowel Triangle
fcr English Vowels

The two pairs of high vowels and the pair of mid vowels are said to enter into

a tense-lax relationship in which tha higher member of each Pair is articulated

with greater muscular effort than the lower member. The difference in height

in such a view is often interpreted as a reflection of the difference in tongue

tension.1

It has been suggested (Perkell, 1969) that t1-:e differences in muscular

tension between the mernbers of a tense-lax pair of vowels are attributable

to the actions of the extrinsic muscles which position the tongue in the oral

cavity. The experiment described beiow was designed to test the traditional

1

Also Herbert H. Lehman College of the City University of New York.

Other features or combinations of features have been put forth as distinc-

tive in the opposition of these pairs of vowels. Thus they are variously

described as long-short (with regard to duration), diphthong-monophthong,

close-open (with regard to jaw opening), high-low (independent of the tense-

ness feature), and free-checked (with regard to their occurrence in English

words, without direct reference to their articulation).

1 2S
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tense-lax hypothesis vis--vis the vowel triangle, principally in terms of

the action of the genioglossus, one of the major extrinsic tongue muscles,

to front and bunch the tongue.

PROCEDURE

Tlie corpus of test utterances consisted of the six vowels shown in

Figure 1. 2 The vowels were produced in a /aCVC/ context. The initial con-

scnant was /p/ and the final consonants were variously /p,b,u,d,k,g,s,z/.
Each vowel was paired with each of the final consonants, yielding a total

of forty-eight utterance types. In addition, a small set of twelve utter-

ances w--,s produced, consisting of /a/, followed by /t/, followed by each of

the six vowels, followed by either /p/ or /b/. Thus a total of sixty utter-

ance types was produced in the experiment. The utterances were grouped

to two lists of thirty each. Each of the two groups was randomized in

several ways. Fifteen tokens of each utterance type were analyzed. The

activity of the genioglossus (o -1 of the other muscles considered here) was
inferred from the EMG signal ti Ismitted by hooked-wire electrodes inserted

into the muscle by means of a hypodermic needle. The insertions are de-

scribed by Hirose (1971) and the data processing by Port (1971).

RESULTS AND DISCUSSION

The data derived from the action of the genioglossus clearly reflect a

tense-lax difference along the traditional lines mentioned above. The dif-

ferences are most clearly observable in the /apVp/ and /apVb/ syllables,

since in these cases neither the initial nor the final consonant involves
genioglossus activity (Figures 2-4). (The zero point in these figures refers

to the onset of voicing of the stressed vowel.)

The data do not, however, arrange the vowels in a manner congruent with

a picture of the traditional vowel triangle. A comparison of the peak val-

ues of genioglossus activity (Table I) reveals that the front vowels are re-

solved into two groups: /i-e/ and /I-E/. To whatever extent the genioglossus

activity does reflect tongue height, it would appear that the data present a

picture in which the vowels are arranged in the following order:

6

although the differences between /i-e/ and between /I-E/ are often small and

occasionally in a direction opposite to that suggested by the ordering given

above. In any event, /I/ and /e/ are clearly transposed from their usual

positions in the vowel triangle.

2These vowels were chosen because they are the ones most generally agreed up-

on as being paired. Although the literature contains claims that various

other pairs exist, almost all writers posit those pairs which are investiga-

ted here.
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TABLE 1

PEAK VALUES IN MICROVOLTS OF THE EMG SIGNAL
FROM THE GENIOGLOSSUS DURING

VOWEL ARTICULATION

VOWEL CONSONANT CONTEXT

L

P-1) p-b p-t p-d

653 606 702 644

236 319 316 360

'643 533 710* 538*

140 154 179* 331*

410 289 433 342

112 110 143 251

p-k p-g p-s p-z t-p t-b

694 625 532 537 582 579

268 494 223 294 271 243

643 571 530 500 562 447

206 481 172 195 108 153

302 257 .325 2i6 380 302

60 100 118 148 68 85

These four figures are typical of an effect found generally through-
out the data: the tense vowels show a decrease of activity from a
following voiceless to a following voiced context; the lax vowels
show an increase in activity in the same context. As yet, this
effect awaits explanation in the light of further analysis of the
data and of additional data from other subjects.

There are at least two possible explanations for this result. The first
is based aa the assumption that the genioglossus data do not present a com-
plete picture of tongue height. Rather, tongue height is most likely the
result of the combination of two factors: (1) tongue bunching, accounted for
largely by the activity of the genioglossus,J and (2) jaw opening (Lindblom
and Sundberg, 1969). That is, a given tongue height, measured from the pal-
ate to the high point of the tongue can be attained in more than one way:
e.g., wide jaw opening with extreme tongue bunching or narrow jaw opening
with minimal tongue bunching. If, in fact, /I/ is a high vowel to be paired
with /i/, and if it is higher than /e/, we could expect to find less jaw open-
ing for /I/ than for /e/ to compensate at least partially for the greater
tongue bunching of the latter vowel.

3
That is, in this experiment, since the superior longitudinal is generally
recognized as playing a prominent role in this function (MacNeilage and
deClerk, 1969).
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Among the muscles investigated in this experiment was the sternohyoid,

which is described as a muscle accompanying jaw opening (Ohala and Hirose,

1970). The data for the activity of the sterLohyoid do consistently re-

veal a greater jaw opening for /e/ (and /S/) than for /I/ (and /in

(Table II). In fact, the data for these front vowels generally (but not

with complete consistency) show iust what the traditional -vowel triangle

would lead us to expect: increasing values for the series /i,I,e,E/, which

wL take here to mean increased jaw opening for the vowels as they descend

from high to low. Figures 5 aid 6 display the data for cihe labial bounded

syllables. The relevant portions of the displays are found between the

vertical lines.

TABLE II

PEAK VALUES IN MICROVOLTS OF THE EMG SIGNAL

FROM TEE STERNOHYOID DURING
VOWEL ARTICULATION

VOWEL CONSONANT CONTEXT*

p-p p-b p-t p-d p-k p-g p-s p-z

41 44 35 55 62 67 62 52

43 53 45 48 58 56 58 57

82 74 55 68 96 89 72 96

99 91 76 75 113 119 106 105

Because of the involvement of the sternohyoid in the articulation

of /t/, no separate peaks of activity are discernible for the

vowels in the /t-p/ and /t-b/ contexts. Thus, they have been

omitted from the table.

The se,::ond possible explanation for the transposition of /I/ and /e/ in

the usual height ordering involves the matter of tongue,backing. The vowel

triatgle (Figure 1) shows both /I/ and 6/ to be retracted from the more ex-

treme front positions of /i/ and /e/. Since the genioglossus displays

greater activity the more fronted the tongue is (Hirano and Smith, 1967;

also compare the values for /i-e/ vs. those for /u-U/ in Table I above), one

would naturally expect lower values for the activity of this muscle for /I/

(and /E/) if, in fact, these vowels are less fronted than are /i/ and /e/.

A muscle tapped in this experiment which is taken to be an indicator

of tongue backing is the superior constrictor. The data from this muscle

do often reveal a greater degree of tongue retraction for /I/ and /6/ as
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opposed to /i/ and /e/, but the results are not consistent, differences

occasionally being small and/or in the unhypotilesized direction.

CONCLUSION

The possibilities discussed above, then, reduce bur do not eliminate

the discrepancy between the usual height ordering of the front vowels and

their grouping into tense-lax pairs on the one hand and the data from the

experiment for the genioglossus on the other. Although the data do not

allow for a strong reaffirmation of the traditional view of the vowel tri-

angle along tense-lax and high-low lines simultaneously, there is some

reason to believe that with the addition of more data from other muscles

and other subjects, and perhips with the considerat)on of other factors be-

sides jaw opening and tongue fronting vs. backir,t-,, che traditional picture

of vowel articulation may be confirmed.
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Vocal Tract Size Normalization in the Perception of Stop Consonants*

Timothy C. Rand
Haskins Laboratories, New Haven

One type of acoustic variation confronting a listener stems from the

fact that vocal tract dimensions vary from speaker to speaker. Speakers

with smaller vccal tracts generally produce speech with higher formant fre-

quencies. This is apparent in Peterson and Barney's (1952) formant frequen-

cy data for vowels produced by men, women, and children.

Ladefoged and Broadbent (1957) have demonstrated context effects on

vowel perception, where certain of the variations in the contextual material

reflected variations in vocal tract size. The listeners interpreted vowels

and preceding carrier phrases as if they had been produced by the same sized

vocal tract. These results establish dhe existence of vocal tract normaliz-

ing functions in the human speech perception mechanism. Additional support

is provided by Darwin'F (1971) demonstration of a right-ear effect when vow-

els are presented dichcitically and vocal tract size is varied from trial to

triAl.

Consonant perception differs markedly from vowel perception, particularly

in the case of the stop consonants. A stop displays a significant lack of

acoustic invariance when it occurs together with different vowels. For the

place of articulation dim.nsion, this context-conditioned variation has been

explained with reference to acoustic loci to which the second formant transi-

tion "points" (Delattre et al., 1955). The loci, which are not directly

realized in the acoustic speech signal, can be considered to correspond to

the resonant frequencies of the occluded vocal tract. Stevens and House (1956)

used a vocal tract analog synthesizer to test this hypothesis by measuring

resonances when the tract was appropriately constricted. Their findings for

second formant loci agree well with the experimental results of the Haskins

group.

If the locus concept is to be related to the resonance of the occluded

vocal tract, then it is to be expected that this resonant frequency will vary

with vocal tract size. Fourcin (1968) demonstrated that prior context in-

fluences the perception of synthetic whispered consonant-vowel syllables.

Fourcin interpreted his results as a shift in consonantal locus depending

upon whether a precursive "hallo" was spoken by a man or a child.

*Paper presented at the 81st meeting of the Acoustical Society of America,

Washington, D.C., 20-23 April 1971.
+
Also the University of Connecticut Storrs.
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A further test of locus shift would be to see whether the second formant

transitions of CV syllables can cue different consonants depending upon vocal

tract information carried on the syllable itself.

The stimuli used in the present experiment (Fig. 1) were thirty two-for-

mant synthetic CV syllables. All syllables were of 300-msec duration and

were produced on the Haskins parallel formant synthesizer. The stimuli fall

into three groups, based upon the characteristics of the vocalic portion of

the syllable. In the first group, the steady-state vowel formants are appro-

priate to [se] as rendered by an adult speaker. The vowel formants of the

second group of stimuli are related to those of the first group by a multi-

plicative constant (approximately 1.2); these are roughly appropriate to a

child's rendition of [se]. The vowel of the third stimulus group is roughly

[6] as rendered by an adult. Groups 2 and 3 are related in that they have

identical second formants.

All stimuli have initial rising first formant transitions to serve as a

cue for voiced manner of production. As regards second formant transitions,

ten equally spaced frequencies were chosen, ranging from 1386 to 2762 Hz, to

serve as initial transition frequencies.

A tape was prepared with five repetitions of each stimulus (150 items

total) in a random sequence. Listeners were told they would hear synthetic

CV syllables and were instructed to write down the initial consonant for each.

Figure 2 displays identification functions for two subjects. The functions

are plotted separately for the three classes of stimuli. In each case, the

ordinate is percent identification and the abscissa is the stimulus number,

indicating the starting point of the second formant transition. There is a

clear tendency for the consonant categories to occur at higher frequencies

for the small vocal tract stimuli than for both varieties of large vocal

tract stimuli.

Another way to observe how vocal tract size affects place identification

is to compute the mean [d] response on the ten-point scale corresponding to

initial second formant transition frequency. For example, for the subject

whose data are displayed on the left in Figure 2, the mean [d] responses are

4.1, 6.4, and 4.0 for the three stimulus groups going from top to bottom.

These means were computed for ten subjects and are displayed in Figure 3.

In Figure 3, the "S's" indicate the mean [d] response for each subject

for the Small vocal tract stimuli; similarly, the "L's" indicate the mean

values for the two conditions involving Large vocal tract stimuli. The impor-

tant feature of these results is that, for all ten subjects, small vocal tract

stimuli produced the response [d] for higher values of second formant transi-

tion frequency than did the large vocal tract stimuli.

Speech utterances are effective communicators whether they originate

from smal3 children or large adults. Normalization for vocal tract size

differences during the process of speech perception amounts to a cancellation

of one type of acoustic variance that is introduced during the production

phase of the speech chain. One way to characterize this ability on the part

of a listener is to say that he somehow extracts or reconstructs the speaker's
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articulatory intent. A motor theory of speech perception, such as that
advanced by the Haskins workers, is based on the observation that perception

is often more closely related to articulation than to the acoustic signal.

This view provides a framework within which the results of the present study

receive a natural interpretation. If it can be said that listeners perceive

consonants by reference to locus frequencies, then the subjects of this ex-

periment perceived consonants by reference to loci appropriate to the vocal

tract sizes producing the syllables they heard.
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ABSTRACT

Vowel Duration as a Cue to the Perceptual Separation of Cognate Sounds

in American English*

Lawrence Raphael+
Haskins Laboratories, New Haven

Much research by linguistis and phoneticians has been directed toward

discovering a single physiological or acoustic basis which underlies the

perceptual separation of cognate sounds. Experimental evidence indicates

that neither of the two most commonly suggested bases, the voiced/voice-

less opposition and the fortis/lenis opposition, has enough generality of

distribution to be a unique explanation of cognate perception. There is,

however, a substantial number of different acoustic and articulatory cues

which can account for cognate perception in virtually all phonetic envi-

ronments. These cues, some of which are thought of as reflexes of the

voiced/voiceless or fortis/leris oppositions, include stop release, aspi-

ration, stop closure duration, friction duration, intraoral air pressure,

preceding vowel duration, presence or absence of fundamental frequency,

and timing relationships between articulation and glottal states. The

last of these cues, curfently expressed as voicing onset time (VOT) in

the case of prevocalic etops, may be sufficiently extended in its general-

ity to account for cognate perception in all phonetic environments. Or,

there may be no way to generally account for the phenomenon.

The relationship between articulation and glottal states has received

little attention for sounds in absolute final position. It is possible

that voicing offset time, the mirror-image analogue of VOT, is a significant

cue to cognate perception in this position. Spectrographic measurements of

voicing offset time reliably separate cognate categories of stops and fric-

atives. Tape-cutting experiments, however, in which subjects heard a ran-

domized series of real-speech words from which varying degrees of voicing

during final /bdg/ closure was removed, revealed no significant changes in

perception in the direction of /ptk/, even when the closure period was com-

pletely eliminated and a small portion of the preceding vowel transition was

cut away.

Stop and fricative cognates are also reliably separated by spectrographic

measurements of preceding vowel duration. Tape-cutting experiments on real

speech, in which the vowels before final stops and fricatives were shortened,

caused perception to change from /bdgv5z3/ to /ptkfi94/. Secondary per-

ceptual reversals, for stimuli in which the vowel was virtually eliminated,

.Dissertaton submitted in partial fulfillment of the requirements for the

degree of Doctor of Philosophy, The City University of New York.

+
Also City University of New York.
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indicated that voicing during final consonant closure does have minor cue
value.

A variety of minimal and subminimal CVC(C) pairs was synthesized on the
Haskins Laboratories' Pattern Playback. The vowel duration in each was varied
over a range of values derived f.fom those found in real speech. It was found
that, regardless of the cues for voicing or voicelessness used in the synthe-
sis of the final consonant or cluster, listeners perceived the final segments
as voiceless when they were preceded by vowels of shorter duration and as
voiced when they were preceded by vowels of longer duration. Discrimination
tests revealed that perception across and within phoneme boundaries was con-
tinuous rather than categorical. It was also found that the cue of vowel
duration is more effective before final stops and clusters than before final
fricatives. The indication that voicing during final consonant closure does
have minor cue value for cogaate perception received further confirmation in
the synthetic-speech experiment.

It is concluded that preceding vowel duration is both a sufficient and
necessary cue to the perception of the voicing characteristic of word-final
consonants and clusters: that is, word-final cognate sounds are perceptually
separated and identified on the basis of the duration of the vowels which
precede them. Such a finding runs counter to the traditional assumption that
features which identify linguistic segments are produced within the artic-
ulatory period of those segments. Thus, traditionally, the expectation would
have bean that the perception of final voiced stops and clusters, for example,
results from the listener's recognition of vocal pulsing during consonant
closure. Instead, this study demonstrates that such a perception depends
primarily upon the listener's recognition of a suitably long vowel preceding
the closure for the final consonant or cluster.
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