
The human auditory system is adept at handling con-
current and overlapping sound sources—such as multiple 
speakers or speech heard in background clutter—using 
their spatial, temporal, and spectral features to segregate 
them into separate auditory streams for further analy-
sis (Bregman, 1990; Sussman, eponiené, Shestakova, 
Näätänen, & Winkler, 2001). The subject of our present 
inquiry is what happens when the human auditory system 
is confronted with a single message that is alternated rap-
idly between two spatial sources. 

The first demonstration of the consequences of this ef-
fect was by Cherry and Taylor (1954), who used an elec-
tronic switch to rapidly alternate speech back and forth 
between the two earpieces of dichotic earphones. They 
reported that intelligibility progressively declined with 
increasing rates of alternation, becoming poorest at ap-
proximately 3 to 5 complete switching cycles per second 
(cps), a rate corresponding to about 167 to 100 msec per 
ear. As the alternation rate was increased beyond this 
point, intelligibility paradoxically improved, thus yield-
ing a V-shaped function of intelligibility decline and 
intelligibility recovery over successively increasing al-
ternation rates. The size of the decrement at this critical 
rate is smaller when the speech materials are predictable 
enough to allow missed elements to be inferred from the 
linguistic context (cf. Speaks & Trooien, 1974; Wingfield 
& Wheale, 1975a) and larger when perceptual processing 
is made more difficult by mixing masking noise with the 
speech signal (Rupf, Hughes, & House, 1971). The basic 
V-shaped intelligibility function remains, however, as in-
teraural alternation rates are progressively increased.

The intelligibility loss at the critical rate of 3 to 5 al-
ternating cps is intriguing because the speech is always 
present, either in one ear or the other. Cherry and Taylor 
(1954) attributed this loss to the time it takes a listener 
to switch attention from one ear to the other in order to 
follow the shifting signal. If each shift of attention from 
one ear to the other is accompanied by a perceptual “dead 
time,” during which no usable information is available 
from either ear, as alternation rates increase, so would the 
cumulative loss of information.

Cherry and Taylor (1954) argued that the point of mini-
mal intelligibility in the V-shaped intelligibility function 
marks the point at which the listener’s switching attention 
is completely out of phase with the shifting signal: By the 
time the listener’s attention has shifted from one ear to the 
other to follow the signal, the speech would already have 
returned to the original ear. They accounted for the im-
proved intelligibility when alternation rates are increased 
beyond this point by suggesting that, at these very rapid 
rates, listeners begin to concentrate on the input from only 
one ear. The result would be an interrupted signal to the 
attended ear in which the frequent but brief interruptions 
would result in a perceptual “picket fence” effect, with 
the broad speech envelope still recognizable. The faster 
the rate of alternation, the smaller the silent gaps to be 
perceptually bridged (e.g., Miller & Licklider, 1950).

An alternative account for the V-shaped function was 
offered by Huggins (1964), who noted that the 3- to 5-cps 
region of minimal intelligibility represents an ear dwell-
time that approximates half the duration of most syllables. 
He suggested that, if each ear (i.e., contralateral hemi-
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EXPERIMENT 1

Method
Participants. The older adults were 32 community-dwelling 

volunteers, 10 men and 22 women, who ranged in age from 66 to 
82 years (M  73.3 years). The group had a mean of 15.9 years of 
formal education (SD  2.3), and a mean Shipley vocabulary score 
(Zachary, 1986) of 15.6 (SD  2.4). The younger participants were 
32 undergraduate and graduate students, 12 men and 20 women, 
with ages ranging from 18 to 25 years (M  20.3 years). The group 
had a mean of 14.1 years of formal education at time of testing 
(SD  2.1) and a mean Shipley vocabulary score of 14.4 (SD  
2.0). Both groups were thus well-educated and had good vocabular-
ies, with the older group having an average of 1.8 more years of 
formal education than the younger adults [t(62)  1.69, n.s.], and, as 
is common for older adults (Verhaeghen, 2003), a somewhat higher 
vocabulary score than the younger adults [t(62)  2.26, p  .05]. 
All participants were native speakers of American English, with no 
known history of stroke, Parkinson’s disease, or other neuropathol-
ogy that might compromise cognitive function.

Although the older adults in this study had good hearing for their 
ages (Morrell, Gordon-Salant, Pearson, Brant, & Fozard, 1996), the 
older group had a higher pure tone average (PTA; taken as the mean 
thresholds for tones at 500, 1000, and 2000 Hz) across both ears than 
did the younger adults (older M  15.5 dB HL, SD  6.7; younger 
M  6.8 dB HL, SD  4.3) [t(62)  6.77, p  .001]. Although there 
was a significant difference in PTA for the two age groups, no indi-
vidual participant in either age group exceeded the cutoff of 25-dB HL 
that is typically considered to be clinically normal for speech (Hall & 
Mueller, 1997). Both groups had approximately symmetrical hearing 
across both ears, with no participant showing an asymmetry greater 
than 5 dB. Speech reception thresholds (SRTs; the lowest decibel level 
at which prerecorded, two-syllable words can be correctly identified 
50% of the time) were also measured. The older participants also had 
a higher average SRT (15.9 dB HL, SD  7.7) than did the younger 
adults (5.6 dB HL, SD  4.8) [t(62)  6.73, p  .001], but all par-
ticipants’ SRTs were within the 25-dB upper limit considered to be 
clinically normal for speech (Hall & Mueller, 1997).

Stimulus materials. The stimuli consisted of sixteen 125-word 
English passages representing a variety of general interest topics 
and a range of common syntactic forms. Proper names and difficult 
technical terms were removed. All passages were spoken by a female 
speaker of American English at an average speech rate of 183 words 
per minute (wpm).

Procedure. Participants were tested individually in a sound-
isolated testing room with the speech stimuli presented using 
E-A-RTONE 3A (E-A-R Auditory Systems, Aearo Company, In-
dianapolis, IN) insert earphones. The stimuli were prepared, am-
plitude calibrated, and stored as 44.1-kHz WAV format computer 
sound files routed for presentation through a Grason-Stadler GSI 61 
audiometer (Grason-Stadler, Madison, WI). Prior to the experiment, 
the intensity of the stimuli was adjusted individually for each ear for 
each participant, with all participants hearing the stimuli at 40 dB 
above their individual SRT for that ear.

Each participant heard two passages under each of eight condi-
tions: passages presented in a normal, nonalternating manner bin-
aurally to both ears, or alternated at 1, 2, 3, 4, 5, 8, or 16 alternat-
ing cps, corresponding to 500, 250, 167, 125, 100, 63, or 31 msec 
per ear. The particular passages heard in each alternation condition 
were counterbalanced across participants so that, by the end of the 
experiment, each passage had been heard an equal number of times 
at each alternation rate or in the baseline, nonalternating condition. 
The order of presentation of alternation conditions was also varied 
between participants.

Participants were told they would be hearing speech passages pre-
sented either simultaneously to both ears or alternated between the 
two ears. In either case, participants were instructed to listen care-
fully and “shadow” the speech, saying aloud what was being heard 
on a word-by-word basis as it was being heard. This followed Cherry 

sphere) processed its own information, the critical alterna-
tion rate would, on average, represent maximal disruption 
of syllabic processing units. It might thus be that the point 
of minimal intelligibility is a function not of the amount 
of time per ear, as suggested by Cherry and Taylor (1954), 
but of the amount of speech content per ear. Following 
this reasoning, Huggins predicted that a shift in the critical 
alternation rate producing minimal intelligibility would 
occur if the speech rate were accelerated, as this would re-
duce the duration of the spoken syllables and thus increase 
the amount of speech content to a single ear at any given 
alternation rate. This prediction was confirmed (Huggins, 
1964; Wingfield & Wheale, 1975b). 

Although initially gaining wide acceptance (e.g., Neis-
ser, 1966, pp. 184–187), attempts to confirm Huggins’s 
hypothesis by specifically interrupting speech either 
between syllables or within syllables failed to support 
his syllabic interruption view (Samuel, 1991). Although 
there has yet to be a totally satisfactory account of the 
V-shaped function of intelligibility on interaural alterna-
tion rate, the phenomenon itself is a robust one (Cherry 
& Taylor, 1954; Huggins, 1964; Samuel, 1991; Schubert 
& Parker, 1955; Wingfield, 1977; Wingfield & Wheale, 
1975a, 1975b). 

The phenomenon of alternating speech is particularly 
interesting in the context of adult aging. In addition to dif-
ficulties with binaural fusion (i.e., integrating sounds ar-
riving separately to the two ears; Pichora-Fuller & Souza, 
2003), older adults are known to show a general slowing 
in a variety of perceptual and cognitive operations (Salt-
house, 1996). So, for example, if each switch of atten-
tion is assumed to take a certain amount of time, during 
which there is a perceptual “dead time” resulting in infor-
mation loss, then a slowed perceptual system would not 
only produce a generally poorer level of intelligibility at 
all alternation rates, but, more important, one would see 
the point of minimal intelligibility occur at a slower rate 
of alternation for older than for younger adults. That is, 
because of arguments that older adults find it more diffi-
cult, and take longer, to switch attention than do younger 
adults (Panek & Rush, 1981; Verhaeghen & Basak, 2005; 
Waugh & Barr, 1980), contrasting younger with older 
adults’ performance would be an interesting test of the 
alternating attention hypothesis as an account for the ef-
fects on intelligibility of speech alternating rapidly be-
tween the two ears.

There are a number of reasons to expect that older 
adults would show overall lower intelligibility perfor-
mance across all alternation rates. Even when an older 
adult’s peripheral hearing acuity remains good in terms of 
his or her audiometric profile, aging can also be accompa-
nied by central auditory processing deficits that result in 
a decline in efficiency of temporal and/or frequency reso-
lution that would affect overall speech intelligibility (see 
B. A.  Schneider & Pichora-Fuller, 2000, for a review). Of 
interest, however, is not the heights of the intelligibility 
curves in terms of y-intercepts. Rather, our interest is in 
whether the point of minimal intelligibility shows a shift of 
position on the x-axis of an intelligibility–alternation rate 
function for older adults in relation to younger adults.
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SRTs as were the younger adults, amplification alone may 
not fully compensate for age-related, higher level auditory 
processing deficits, such as the lowered efficiency with 
temporal and spectral resolution that might be expected to 
reduce the efficiency of speech perception (Pichora-Fuller 
& Souza, 2003; B. A. Schneider & Pichora-Fuller, 2000). It 
is thus especially notable that the shapes of the intelligibil-
ity functions are similar for both age groups.

Cherry and Taylor’s (1954) switch-time theory would 
lead one to expect older adults (with their generally slowed 
systems) to show a steeper intelligibility decline with in-
creasing alternation rates, reflecting a greater cumulative 
effect of information loss at each point of attention switch-
ing as the speech ceases in one ear and begins in the other. 
Also, to the extent that the point of minimal intelligibility 
reflects an attentional system out of phase with the alter-
nating input, a slower switching rate would predict a point 
of minimal intelligibility at a different (slower) position 
on the abscissa for the older than for the younger adults. 
As can be seen, such a shift in the point of minimal intel-
ligibility was not evident in these data.

In Experiment 1, we used the traditional shadowing 
method to estimate the intelligibility of the alternated 
speech (e.g., Cherry & Taylor, 1954; Huggins, 1964). The 
advantage of shadowing is that the report of the speech 
is immediate and does not rely heavily on participants’ 

and Taylor’s (1954) original procedure, designed to minimize effects 
of memory on report accuracy. 

Participants were told that, if they should miss an occasional word 
while shadowing, they were not to stop, but to pick up where they 
could and continue shadowing. Participants were told that their re-
sponses were being audio recorded for transcription and accuracy 
scoring. The main experiment was preceded by a brief practice 
session with four passages to familiarize the participants with the 
shadowing task and the sound of alternated speech. None of these 
passages was used in the main experiment.

Results
Intelligibility was taken as the number of words cor-

rectly reported from the middle 100 words of each pas-
sage, with the first 15 and last 10 words of the passage not 
scored, in order to eliminate end effects. Credit was given 
for each word reported correctly, regardless of order. No 
partial credit was given for incomplete words. Figure 1 
shows the mean intelligibility scores for uninterrupted 
speech (open symbols on the left side) and for each of the 
seven alternation rates (closed symbols). Data are shown 
separately for the younger and the older participants. The 
abscissa is shown on a logarithmic scale.

As might be expected, the older adults showed an over-
all lower accuracy level than did the younger adults, to 
include the uninterrupted speech condition [t(62)  4.84, 
p  .001]. Of special interest, however, is that both the 
younger and older adult participants showed a pattern of 
decline in accuracy scores as the rate of interaural alterna-
tion was progressively increased from 1 alternating cps to 
a minimal point falling within Cherry and Taylor’s (1954) 
3 to 5 alternating cps, followed by a recovery of intelligi-
bility when alternation rates were further increased. Both 
the younger and older adults’ intelligibility curves yielded 
a significant quadratic trend component (Keppel, 1991), 
confirming a canonical V-shaped intelligibility function 
for both age groups [younger adults, t(31)  4.11, p  
.001; older adults, t(31)  7.97, p  .001]. A 7 (alter-
nation rate: 1, 2, 3, 4, 5, 8, 16 cps)  2 (age: younger, 
older) mixed design ANOVA was conducted on these 
data, with alternation rate as a within-participants variable 
and age as a between-participants variable. The ANOVA 
confirmed a significant main effect of alternation rate on 
report accuracy [F(6,434)  5.33, p  .001] and a sig-
nificant main effect of age [F(1,62)  390.67, p  .001]. 
Consistent with the appearance of similar points of mini-
mal intelligibility for both age groups, the ANOVA failed 
to show a significant alternation rate  age interaction 
[F(6,434)  1].

Discussion
The results of Experiment 1 reproduce the previously 

described V-shaped intelligibility function for alternated 
speech and show a point of minimal intelligibility to occur 
in the 3 to 5 alternating cps region, as observed in previous 
reports (Cherry & Taylor, 1954; Huggins, 1964; Samuel, 
1991; Wingfield & Wheale, 1975a, 1975b). The overall 
lower intelligibility levels observed for the older adults is 
not surprising for the several reasons alluded to previously. 
For example, although the older adults were tested with 
speech at the same intensities in relation to their individual 

Figure 1. Percentage of words correctly repeated for speech 
alternated between the two ears by younger and older adults as 
a function of the rate of alternation. The abscissa is shown on a 
logarithmic scale. Open symbols on the left side of the figure show 
younger and older adults’ mean accuracy levels for binaurally 
presented, nonalternated speech. Error bars represent 1 SE.
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higher PTA (500, 1000, and 2000 Hz) across both ears than did the 
younger adults (older M  16.2 dB HL, SD  8.7; younger M  
7.1 dB HL, SD  4.9) [t(30)  3.65, p  .001]. Both groups had 
approximately symmetrical hearing across both ears, with no indi-
vidual participant showing an asymmetry greater than 5 dB. SRTs 
were higher for the older adults (M  16.8 dB HL, SD  7.4) than 
for the younger adults (M  5.7 dB HL, SD  4.2) [t(30)  5.21, 
p  .001], although all participants were within the range considered 
to be clinically normal for speech (Hall & Mueller, 1997).

Stimuli and Procedure. The stimuli consisted of the same 16 
paragraph- length passages as used in Experiment 1, presented with-
out alternation and at the same 7 alternation rates (1, 2, 3, 4, 5, 8, and 
16 alternating cps). As before, the speech was presented over insert 
earphones at 40 dB above each individual’s SRT for each ear.

To obviate the need for speaking and listening simultaneously, 
while not requiring participants to attempt to recall an entire 
125-word passage, the speech passages were interrupted after clause 
and sentence boundaries in the passages, resulting in an average 
segment size of 8.5 words. When the speech stopped, the participant 
was to recall the words heard in that segment. Participants were told 
that if they remembered a word that they had failed to give in their 
recall of a prior segment, they would be given credit for that word 
if they reported it along with the segment currently being recalled. 
Fifteen seconds was allowed for recall, at which point the next seg-
ment of the passage (a full sentence or clause) was presented for 
recall. In this way, the participant was allowed to recall the passage 
on a segment- by-segment basis. Accuracy scoring was conducted 
following the same procedures as were used in Experiment 1.

Results and Discussion
The open symbols on the left side of Figure 2 show 

the mean percentage of words correctly recalled by the 
younger and older participants when speech was presented 
continuously to both ears. The age difference is diminished 
but is still significant [t(30)  9.40, p  .001]. Although 
both the younger and older adults show higher recall scores 
when the shadowing requirement was removed, this pro-
cedure gave a differential advantage to the older adults, 
reducing the overall size of the age difference. One sees in 
Figure 2, however, that both age groups continue to show a 
V-shaped intelligibility function (confirmed by a quadratic 
contrast), with the region of minimal intelligibility remain-
ing the same for both the younger and older adults. A 7 (al-
ternation rate)  2 (age) ANOVA showed significant main 
effects of alternation rate [F(6,222)  60.44, p  .001] 
and of age [F(1,30)  19.93, p  .001], but no alternation 
rate  age interaction [F(6,222)  1]. Experiment 2 also 
shows a more clearly defined point of minimal intelligibil-
ity at 4 alternating cps, or 125 msec per ear—a point at the 
midrange between Cherry and Taylor’s (1954) 3- to 5-cps 
estimated region of reduced intelligibility.

We thus conclude that the similarity in the region of 
minimal intelligibility for younger and older adults as ob-
served in Experiment 1 was not simply confined to the use 
of shadowing as a response measure. 

EXPERIMENT 3

We previously cited the early argument that the criti-
cal feature defining the V-shaped intelligibility function 
over alternation rates is not due to the amount of time per 
ear, reflective of a minimal perceptual switching time with 
attendant information loss, but to the amount of speech 

memory. It might be argued, however, that the shadowing 
requirement of speaking and listening at the same time 
puts older adults at a disadvantage. First, shadowing re-
quires the participant to engage in the two simultaneous 
activities of speaking and listening, which might differ-
entially challenge older adults’ susceptibility to dual-task 
interference (Anderson, Craik, & Naveh-Benjamin, 1998; 
Tun, Wingfield, Stine, & Mecsas, 1992). Second, at the 
perceptual level, older adults might be more susceptible 
to the acoustic masking of the target speech by their own 
voice (Bergman, 1980). Finally, the requirement in shad-
owing that the speakers’ responses keep up with the input 
might put older adults at a disadvantage because of gen-
erally slower articulation rates (Benjamin, 1997; Smith, 
Wasowicz, & Preston, 1987). Any or all of these factors 
could account for the generally lower performance level 
of the older adults at all alternation rates. 

In Experiment 2, a different group of younger and older 
adults similar in characteristics to those in Experiment 1 
heard the same passages, but this time the passages were 
halted at linguistically salient intervals to allow the par-
ticipants time to recall the speech segment they had just 
heard. This procedure obviated the need for the partici-
pants to talk and listen simultaneously. Although requir-
ing recall of what had been heard in each segment could 
put the older adults at a memory disadvantage, it relieved 
them of having to provide verbal output while simultane-
ously receiving input and of masking of the speech input 
by the sound of their own voices. 

To the extent that the shadowing requirement created 
differentially greater difficulty for the older participants, 
one would expect overall levels of performance to be 
higher, with a reduction in the magnitude of age differ-
ence at all alternation rates in comparison with that ob-
served in Experiment 1. Of primary interest, however, 
is to insure that the older adults’ minimal intelligibility 
region, which matched that of the younger adults’ in Ex-
periment 1, would not have been different had shadowing 
not been required.

EXPERIMENT 2

Method
Participants. The older adults were 16 community-dwelling 

volunteers who had not taken part in Experiment 1—6 men and 10 
women, ranging in age from 66 to 80 years (M  74.3 years). The 
group had a mean of 16.8 years of formal education (SD  2.7) and 
a mean Shipley vocabulary score of 15.2 (SD  1.4). The younger 
participants were 16 undergraduate and graduate students who had 
not taken part in Experiment 1—5 men and 11 women, with ages 
ranging from 19 to 23 years (M  20.9 years). The group had a mean 
of 13.5 years of formal education at time of testing (SD  1.9) and 
a mean Shipley vocabulary score of 14.3 (SD  1.9). Both groups 
were thus well educated and had good vocabularies, with the older 
group having an average of 3.3 more years of formal education than 
the younger adults [t(30)  4.00, p  .001] and a somewhat higher—
but not significantly so—vocabulary score than the younger group 
[t(30)  1.53, n.s.]. All participants were native speakers of Ameri-
can English, with no known history of stroke, Parkinson’s disease, or 
other neuropathology that might compromise cognitive function.

The older adults in this study had good hearing for their ages 
(Morrell et al., 1996). As in Experiment 1, the older group had a 
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both age groups to show an equivalent shift in the point 
of minimal intelligibility to a faster alternation rate (i.e., 
shorter dwell time per ear) when speech rate is increased.

Method
Participants. The older adults were 32 community- dwelling 

volunteers who had not taken part in either of the previous 
 experiments—14 men and 18 women, ranging in age from 67 to 
85 years (M  74.5 years). The group had a mean of 16.3 years of 
formal education (SD  2.8) and a mean Shipley vocabulary score 
of 15.9 (SD  2.6). The younger participants were 32 undergradu-
ate and graduate students who had not taken part in either of the 
previous experiments—13 men and 19 women, with ages ranging 
from 18 to 22 years (M  19.0 years). The group had a mean of 
13.0 years of formal education at time of testing (SD  1.3) and 
a mean Shipley vocabulary score of 14.8 (SD  1.7). Both groups 
were thus well-educated and had good vocabularies, with the older 
group having an average of 3.3 more years of formal education than 
the younger adults [t(62)  6.05, p  .001] and, again, a somewhat 
higher vocabulary score than the young adults [t(62)  2.00, p  
.05]. All participants were native speakers of American English, 
with no known history of stroke, Parkinson’s disease, or other neu-
ropathology that might compromise cognitive function.

The older adults in this study had good hearing for their ages (Mor-
rell et al., 1996). As in Experiments 1 and 2, the older group had a 
higher PTA (500, 1000, and 2000 Hz) across both ears than did the 
younger adults (older M  20.9 dB HL, SD  2.2; younger M  
7.5 dB HL, SD  6.5) [t(62)  11.05, p  .001]. No individual partic-
ipant in either age group, however, exceeded a cutoff of 25 dB, a level 
considered to be clinically normal for speech (Hall & Mueller, 1997). 
Both groups had approximately symmetrical hearing across both ears, 
with no individual participant showing an asymmetry greater than 
5 dB. The older participants also had a higher average SRT (17.1 dB 
HL, SD  6.7) than did the younger adults (5.6 dB HL, SD  4.9) 
[t(62)  7.84, p  .001], but all participants were within limits con-
sidered to be clinically normal for speech (Hall & Mueller, 1997). 

Stimuli and Procedure. The stimuli consisted of the same 16 
paragraph-length passages of English prose as used in Experiment 1. 
The original passages, which had been spoken at 183 wpm, were 
time-compressed using the pitch-synchronous overlap (PSOLA) 
sampling method (SoundEdit 16; Macromedia Inc., San Francisco, 
CA) to 85% and 70% of their original speaking durations, corre-
sponding to speaking rates of 215 and 261 wpm, respectively. The 
compression procedure deleted small (20 msec) segments at regular 
intervals from both speech and silent periods so as to maintain the 
relative temporal patterning of the speech, as well as maintenance of 
the original pitch contour.

Each participant heard all 16 passages, eight compressed to 85% 
of the original duration (215 wpm) and eight passages compressed 
to 70% of original duration (261 wpm). The particular passages 
heard at each of the two speech rates were counterbalanced across 
participants so that, by the end of the experiment, each passage had 
been heard an equal number of times at each speech rate and in 
each alternation condition. Stimulus presentations were blocked by 
presentation rate, with half of the participants receiving the passages 
compressed to 85% of the original duration first and the other half 
receiving the passages compressed to 70% of original duration first. 
In all other respects, the procedures were the same as those used in 
Experiment 1. Shadowing was again used as the response measure. 
The main experiment was preceded by a practice session with six 
passages to familiarize participants with the shadowing task and the 
sound of time-compressed and alternated speech.

Results
The left panel of Figure 3 shows the intelligibility func-

tions (percentage of words correct) for the younger and older 
adults when the speech was time compressed to 85% of the 

content per ear (Huggins, 1964). The two features can be 
independently varied by increasing the speech rate of the 
stimuli so that a greater amount of uninterrupted speech 
will be presented to each ear at any given alternation rate. 
Although Huggins’s specific syllable-interruption account 
has not found clear support (cf. Huggins, 1967; Rupf et al., 
1971; Samuel, 1991), it has been shown that the point of 
minimal intelligibility can be shifted to a faster alternation 
rate when the speech rate (i.e., speech content per ear) is 
increased (Huggins, 1964; Wingfield & Wheale, 1975b).

The similarity in results for younger and older adults in 
Experiments 1 and 2 in terms of the shapes of the functions 
and points of minimal intelligibility suggests the possibil-
ity of a similar response to an increase in speech rate for 
older and younger adults. It is well known that older adults 
are differentially affected by time compression of speech 
in comparison with younger adults (Gordon- Salant & 
Fitzgibbons, 1993; Wingfield, Tun, Koh, & Rosen, 1999). 
As such, one would expect to see the overall height of 
older listeners’ intelligibility curves to be especially af-
fected by rapid speech. However, if the mechanisms of 
response to alternating speech are affected by the amount 
of speech content per ear, and if these mechanisms are 
similar for younger and older adults, one would expect 

Figure 2. Percentage of words correctly reported by younger 
and older adults for speech alternated between the two ears when 
speech was interrupted periodically to allow participants time to 
recall what had been heard. The abscissa is shown on a logarith-
mic scale. Open symbols on the left side of the figure show mean 
accuracy levels for younger and older adults for binaurally pre-
sented, nonalternated speech. Error bars represent 1 SE.
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the alternated speech data showed significant main effects 
of alternation rate [F(6,434)  8.23, p  .001] and age 
[F(1,62)  94.03, p  .001]. Figure 3, however, shows 
a difference in the recovery patterns for the younger and 
older adults when alternation rates were increased beyond 
the critical point of minimal intelligibility at 5 alternating 
cps. In the case of the younger adults, intelligibility con-
tinued to rise when the alternation rates were increased be-
yond this point. The older adults’ performance, however, 
failed to improve progressively when the alternation rates 
were increased beyond 5 alternating cps. 

This difference in recovery pattern was not revealed by a 
significant alternation rate  age interaction [F(6,434)  
1.26, n.s.], but this absence of an interaction effect may have 
been heavily influenced by the parallel declines in intelli-
gibility for both the younger and older adults over the first 
four alternation rates. To test this possibility, we performed 
an ANOVA on only the final three alternation rates (5, 8, 
and 16 alternating cps). This analysis showed main effects 
of  both alternation rate [F(2,186)  7.85, p  .001] and age 
[F(1,186)  59.37, p  .001], but a significant alternation 
rate  age interaction [F(2,186)  3.10, p  .05] as well. 

Discussion
The use of time-compressed speech allowed us to vary 

independently the duration of the speech segment per ear 

original speaking duration. As can be seen from the open 
symbols on the left side of the panel, the younger adults 
showed superior performance in relation to the older adults 
for binaurally presented, nonalternating speech [t(62)  
3.49, p  .001]. Consistent with the results of Experiments 
1 and 2, a 7 (alternation rate)  2 (age) ANOVA confirmed 
a significant main effect of alternation rate on intelligibility 
[F(6,434)  6.36, p  .001] and showed a main effect of age 
[F(1,62)  149.38, p  .001]. Although age had the effect 
of reducing the overall level of performance at all alternation 
rates, the point of minimal intelligibility appeared at the same 
point for both the younger and older adults, centered on 4 al-
ternating cps, corresponding to 125 msec per ear. Consistent 
with this similarity, the ANOVA failed to reveal a significant 
alternation rate  age interaction [F(6,434)  1].

The right panel shows the same data, but for speech that 
had been time compressed to 70% of the original speak-
ing time. The point of minimal intelligibility is aligned 
at the same position on the abscissa for both the younger 
and older adults. In this case, however, this point is shifted 
to a faster alternation rate (5 cps) than these participants 
showed for speech that was compressed to 85% of the orig-
inal duration ( p  .05 for younger and older adults alike). 

As in the previous cases, there was a significant age 
difference for the binaurally presented, nonalternating 
speech [t(62)  4.31, p  .001]; an ANOVA conducted on 

Figure 3. Percentage of words correctly repeated by younger and older adults for speech alternated between the two 
ears as a function of the rate of alternation when speech was time compressed to 85% of its original duration (left panel) 
and 70% of its original duration (right panel). The abscissa is shown on a logarithmic scale. Open symbols on the left side 
of each panel show mean accuracy for younger and older adults for binaurally presented, nonalternated speech heard at 
each speech rate. Error bars represent 1 SE.
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factors such as decline in auditory acuity (Morrell et al., 
1996) and reduced speed and efficiency in rapid atten-
tion switching (e.g., Verhaeghen & Basak, 2005). The ap-
parent immunity of this process to developmental change 
is characteristic of attention-free automatic operations 
(W.  Schneider, Dumais, & Shiffrin, 1984).

Cherry and Taylor (1954) offered a two-process ac-
count for the V-shaped intelligibility function: The initial 
progressive decrement in intelligibility as alternation rates 
are increased results from information loss due to a lag in 
shifting attention, with the point of minimal intelligibility 
occurring when the switching signal and the time taken 
to switch attention combine to put the listener’s attention 
continually out of phase with the shifting signal. The im-
provement in intelligibility beyond this point results from 
the perceptual system’s focusing primarily on the inter-
rupted signal from just one ear. As the alternation rate be-
comes very rapid, the input to either ear would be speech 
interrupted by progressively shorter silent gaps, progres-
sively easier to perceptually bridge. 

In the five decades since Cherry and Taylor’s (1954) 
discovery, a number of experiments have replicated their 
basic finding of reduced intelligibility when speech is 
alternated between the two ears at 3–5 alternating cps. 
These subsequent studies have suggested, however, that 
Cherry and Taylor’s initial account was at best incomplete. 
Most notable was Huggins’s (1964) demonstration that the 
point of minimal intelligibility is affected by speech rate. 
This would not be expected were the point of minimal 
intelligibility a consequence of the absolute time per ear 
of the shifting signal independent of speech content in that 
ear. Huggins’s initial argument that minimal intelligibility 
results specifically from the disruption of syllabic units 
was, however, not sustained in subsequent studies that 
interrupted speech between and at various points within 
syllables (cf. Huggins, 1967; Rupf et al., 1971). A fur-
ther challenge to Huggins’s syllabic disruption hypothesis 
came with Samuel’s (1991) demonstration that succes-
sive same–different recognition judgments for musical 
sequences alternated between the ears, showing minimal 
recognition accuracy at approximately 3–4 alternating 
cps, this point being affected by the rate of presentation of 
the melodies. Although such findings discourage a purely 
syllabic disruption interpretation, they do sustain the prin-
ciple exemplified in the present Experiment 3, that the 
amount of speech (or melody) heard in a particular ear 
segment moderates the effect.

Successful perception of alternating speech requires the 
registration of the signal from each input source and subse-
quent integration of these signals into a single fused stream 
for analysis, presumably in language-processing regions in 
the dominant (usually left) hemisphere (Hickok & Poep-
pel, 2000; Scott & Johnsrude, 2003). The combination 
of reduced peripheral acuity and potentially reduced ef-
ficiency in higher level auditory processing is sufficient to 
account for the older adults’ reduced intelligibility scores 
at all alternation rates in all three experiments. The impor-
tant question relates not to the age difference in overall per-
formance level but to the observed invariance across age in 
the alternation rates that produce minimal intelligibility.

versus the amount of speech content in each segment in 
each ear. Following Huggins’s (1964) argument, if the 
critical parameter determining the point of minimal intel-
ligibility is absolute time per ear, the points of minimal 
intelligibility for both speech rates should be aligned at 
the same point on the abscissa. In contrast, if the amount 
of speech contained in each ear segment is the critical pa-
rameter, the point of minimal intelligibility should shift 
to the right on the abscissa when speech rate is increased. 
This would result from an increase in the amount of 
speech content available in each ear’s dwell time, a finding 
reported by Huggins (1964) and Wingfield and Wheale 
(1975b) for younger adults. This predicted shift appeared 
in the present experiment, with a comparable shift in the 
point of minimal intelligibility for both younger and older 
listeners.

It is interesting to note that, when speech was time com-
pressed to 70% of its original duration (261 wpm), the 
older adults did not show the same progressive recovery 
at rates faster than the point of minimal intelligibility, as 
seen in Experiments 1 and 2 with noncompressed speech 
or in this experiment when speech was compressed to 85% 
of its original duration (215 wpm). A possible account for 
this difference might be that, when interaural alternation 
rates become very rapid, listeners begin to give an atten-
tional bias to a single ear, basing identification primarily 
or solely on the interrupted “picket fence” signal to that 
ear (cf. Cherry & Taylor, 1954; Miller & Licklider, 1950; 
Wingfield, 1977). It might thus be that the older adults 
found the combined perceptual challenge of this reduced 
information, exacerbated by the high degree of time com-
pression, a challenge too difficult to attempt. Such effects 
have previously been found for older adults under difficult 
listening conditions (Bergman, 1980, p. 77).

Should this have been the case, it would suggest that this 
difficulty threshold had not yet been reached by the older 
adults for speech compressed to 85% of its original dura-
tion (i.e., a 15% increase in speech rate). Consistent with 
this argument is the observation that this lesser degree of 
compression did not affect the older adults’ intelligibility 
recovery, nor was this smaller degree of compression suf-
ficient to shift the point of minimal intelligibility relative 
to noncompressed speech as observed in Experiment 2.

GENERAL DISCUSSION

The results of all three experiments reproduce the 
V-shaped intelligibility function for alternated speech first 
described by Cherry and Taylor (1954). It has been argued 
that the mechanisms that produce perceptual separation 
of interleaved acoustic signals, such as that which occurs 
with rapid tone sequences that alternate in frequency, 
are determined by bottom-up sensory processes inde-
pendent of any need for attentional resources (Sussman 
et al., 2001; but see also Macken, Tremblay, Houghton, 
Nicholls, & Jones, 2003). In contrast to stream segrega-
tion, successful perception of alternated speech implies 
a fusion of the speech alternating between the two input 
sources. The present results suggest that this fundamental 
process is unaffected by adult aging, in spite of age-related 
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elements that must be perceptually bridged. What is clear 
is that these mechanisms operate in a similar fashion for 
both younger and older adults, suggesting that perceptual 
fusion and lexical identification operate at an automatic 
level and are unaffected by attentional slowing and other 
sensory and cognitive changes.
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