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ABSTRACT

This paper presents a speech perception experiment with vowels
and consonants as phoneme detection targets in real English
words. Phoneme targets were the two vowels /a/ and /i/, plus the
two unvoiced stop consonants, /p/ and /t/. In contrast with a
previous study that used the same materials, listeners heard the
target phoneme specification immediately prior to stimulus
presentation. The results showed that the reaction times for the
vowels were not significantly longer than those to the
consonants. It is concluded that vowels benefit more than
consonants from having target specification and stimulus
presentation occur closely together. It is proposed that the time
lag between phoneme type and stimulus token reduces the effect
of inherent perceptual ambiguity of vowels during a speeded
response task.

Keywords: Human speech recognition, vowels, consonants,
phoneme detection, reaction time, auditory memory.

1. INTRODUCTION

The phoneme detection or phoneme monitoring paradigm is an
example of mental chronometry: the measurement of mental
processes by the use of reaction time, as a way of gaining
knowledge about the nature of otherwise unobservable cognitive
processes. Since the phoneme detection paradigm was first used
to investigate sentence processing [1,2], psycholinguists have
continued to use it as a research tool, by adopting the simple
rationale: the harder it is to perceive a phoneme, the longer it
will take listeners to indicate that they have done so. The
dependent variable is a listener’s response time (RT) to detect
a pre-specified phoneme target. RTs are known to be affected
by a number of factors, such as the inherent ambiguity of the
phoneme target, its position in a word, lexical status of the target
bearing item and task monotony [3]. In the present study, the
reaction time paradigm is used to assess comparative processing
difficulty at the level of individual vowels and consonants.

Though it is safe to state that all known languages have both
vowels and consonants in their phonemic repertoire, this
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distinction itself is by no means clear-cut. Especially within the
category of consonants there exists a wide variety in terms of
acoustic-phonetic characteristics, with some consonants sharing
more properties with vowels than others. Despite this variety,
the distinction into two major classes of phonemes has seemed
warranted by findings from perception studies.

First of all, it has been shown that vowels are misperceived less
often than consonants [4,5]. Assuming that this greater accuracy
for vowels can be related to their comparative resilience to
perceptual distortion as a result of their relative prominence in
the acoustic signal, one might be tempted to make the
generalisation that vowels are easier to perceive than consonants
per se. However, studies from a different area of research
suggest that, in different circumstances, vowels can be shown to
have greater perceived variability than consonants. One such
area is that of categorical perception. Here, it was shown that
consonants are perceived in a categorical fashion, whereas
vowels are not, or at least to a much smaller extent [6]. Ades [7]
explains this difference in terms of perceptual range. In a study
on the discriminability of synthetic vowels he found that vowels
have more just noticeable difference than consonants. Thus
phonemic perception is directly related to acoustic-phonetic
characteristics of different phonemic categories. Pisoni [8]
compared discrimination performance for vowels versus that for
consonants using varying delay intervals. His results showed
that only within-category vowel discrimination decreased with
an increased delay interval. This memory decay in vowel
discrimination was further examined by Cowan [9], who
proposed that mental representations of vowels gradually
become more diffuse over time. That is, the lag between the
specification of a target to a subject and its actual occurrence as
a stimulus can allow the representation of a vowel to shift in the
vowel space. Given the larger perceptual range of vowels, this
implies that vowel representations can drift further from their
canonical representation in this space, while still remaining in
the same phonemic category, than consonants. If this is true,
then there will be greater variability in the degree to which any
individual vowel token in the stimulus materials matches the
subject’s representation of a particular vowel type.

Indeed, independent evidence obtained with the phoneme
detection paradigm suggests that under the time and memory
constraints imposed by this task, listeners can find vowels
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harder to recognise than consonants [10,11]. These studies
showed that RTs to detect vowels in English are long compared
with stop consonants. Moreover, RTs for vowels are more often
negatively correlated with phoneme duration than RTs for
consonants, suggesting that listeners benefit most from having
more information in the acoustic signal in case of vowels.
There are at least two possible explanations for detection
differences between vowels and consonants. The first one relates
to the influence of auditory memory on vowel representations.
In the detection studies [10,11], the interval between target
specification and stimulus was up to 20 seconds, well beyond
the limit at which vowel discrimination seems best [8]. This
may have put vowels at a disadvantage. Secondly, preliminary
work on phoneme detection across languages {12] suggests that
detectability is influenced by language-specific characteristics.
In a vowel-rich language such as English, more types of vowels
occupy the vowel space. This arguably increases variability and
hence further complicates detectability.

If variability has an effect on detection performance, we would
expect a greater disadvantage for vowels than for consonants
when subjects are required to retain the target representation
over long intervals. In contrast, when a short lag exists between
target representation and stimulus, the observed difference
between vowels and consonants may well disappear.

The present experiment tests this hypothesis, by examining the
influence of auditory memory load on detectability of
phonemes. Auditory memory load was minimised by having
target specification immediately precede stimulus presentation.
In order to enable a direct comparison with previous work [10],
the same physical stimuli served as materials.

2. METHOD

Materials The vowel targets were high front /i/ and low back
/a/; the consonant targets were the two unvoiced stops /p/ and
/t/. These occurred in 144 mono and disyllabic words, 36 for
each target phoneme. Of these 36 words, 12 had the target
phoneme in word-initial, 12 in -medial and 12 in -final position.
For /a/ and /i/, 20 of the 36 words were monosyliabic, 16 were
disyllabic. For /p/and //, 16 of the 36 words were monosyllabic,
20 were disyllabic. Half of all disyllabic words had initial stress,
half had final stress. Target phonemes always occurred in
stressed syllables. Frequency of the words was matched for
initial, medial and final means within each target phoneme;
between target phonemes, /a/ was matched with /p/ and /i/ with
//. A further 166 words were filler items; so stimulus to filler
ratio was about 1 : 1. The materials were recorded by a male
native British English speaker with no obvious regional accent.
Experimental design Table 1 shows examples of the target
specifications and target phonemes in the present versus the
previous experimental design. In the present, the 144
experimental items plus filler items were arranged in
semi-random order. Immediately before each item, one of the
four target phonemes was specified by the speaker on the tape.
The four target specifications were: "[a] as in: ma”, "[i] as in:
me","[p] asin: up”, "[t] asin: it". The two unvoiced stops were
spoken with a schwa following their release. In order to control
for acoustic variability within the target specifications, these
had been recorded separately and each one was repeatedly
pasted into the recording at the appropriate positions. Thus each

Present experimental design
target target bearing

specification words and filler words

{p) land

{i] agree

p] mellow

[a] bone

[a] sparse

[i] lame

(p] rapid

(a] bend

3] tiny

ft] roof

[a] shaft

it ool

fe} finer

[i] cantgen

[p] wig

Table 1. Examples of target specifications and target phonemes in the present vs. the previous experimental design.
Previous experimental design

target specification:
The sound you are listening for in this set is [i}

friday sly dozen

outbound bird land agree bank

adjoin rumour affirm  buffoon cantgen snow
medal conclusion store

joke squeeze dross

wolf - bone key snake

goodbye beckon mood worse  gvil consort
grape soul hut doll

blind caring gther conform

lagoon sulk spade  reveal cone

wig water miss short

owl brain occur  pack trusige  guide

target bearing words and filler words:
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target phoneme was specified by one and the same physical
stimulus throughout the experiment. The materials were
recorded with approximately 2.5 seconds between target
specification and stimulus, and approximately 3.5 seconds
between stimulus and next target specification.

Subjects Thirty female students aged between 18 and 25
participated in the experiment. All were native speakers of
British English with normal hearing.

Procedure Subjects were tested individually. They listened to
taped instructions that requested them to press a single response
key as soon as they detected the presence of a target phoneme
anywhere in a word. They were told that, immediately before
each word, they would hear which sound they had to spot. There
was a short practice, during which full target specifications were
given, for example “[i] as in: me". For reasons of running time
and boredom on the part of the listeners, however, during the
experiment only the target was given, for example "[i]"”. The
total running time of the tape was about 45 minutes. Halfway
through the experiment the tape was stopped and subjects were
encouraged to take a break of a few minutes.

A timing mark, aligned on the non-speech channel with the
onset of each experimental word, initiated timing and storage of
the responses on a micro-computer. The 144 experimental
words were digitised and measurements were made of word
length, target phoneme duration, and the time between target
phoneme onset and timing mark. RTs were adjusted for these
measurements to give RTs from target phoneme onset. For the
two stops, target phoneme onset was equivalent to burst onsetin
word-initial phonemes, since in isolated words this is the first
stretch of the acoustic signal that can be identified as belonging
to the stop. For word-medial and word-final stops, phoneme
onset was equivalent to closure onset wherever a closure was
present in the waveform; otherwise it was equivalent to burst
onset.

Results Data from 3 subjects were lost due to equipment
failure. Of the remaining 27, response times below 100 ms. or
greater than 1500 ms. were discarded; this resulted in a loss of
2% of stored responses. The remaining data were compared in
two ways: on their own and with respect to the previous
experiment [10] in which the same stimuli had been used. For
all comparisons analyses of variance, with subjects and with
words as random factors, were carried out.

For the present experiment on its own, the grand mean RT was
506 ms., with no significant difference in mean RT between the
vowels and the stops. There was a significant main effect of
position of the target phoneme in the word (F1 [2,52] = 20.91,
p < .001; F2 [2,132] = 16.28, p < .001): word-final phonemes
were detected faster than either word-initial (F1 [26] = 5.39,p
< .001; F2 [94] = 4.76, p < .001) or word medial (F1 [26] =
5.41,p < .001; F2 [94] = 4.85, p < .001) phonemes, suggesting
a lexicality effect. An error analysis showed that the overall
error rate was 4.5%. This time there was a different pattern for
the vowels than for the consonants: consonants at 6.5% were
missed significantly more often than vowels at 2.5% (F1 [1,26]
=14.96, p < .001; F2 [1,132] = 6.98, p < .01). Again a main
effect of position was found: word-initial phonemes were
missed least often. This position effect interacted, however,
with the phoneme factor, such that word-initial accuracy was
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lowest for the vowel /a/, and the high word-final miss rates were
highest for the stop /p/.

A further difference between vowels and consonants was found
in a correlation analysis. This showed that overall vowel RT
correlated positively with error rate: the longer the RTs, the
more errors were made. So for the vowels there was no trace of
a speed-accuracy trade-off. This was also true for word-initial
and word-medial stops; for word-final stops, however, a
negative correlation was found between overall RT and error
rate: the longer the RTs, the fewer errors were made. So the
word-final consonants did show evidence of a speed-accuracy
trade-off. Vowel length correlated negatively with overall error
rate: longer vowels were detected more accurately. No such
correlation was found for the consonants. For the two
consonants, overall RT correlated negatively with phoneme
length: longer phonemes were detected faster. This was,
however, mainly due to word-medial /t/. For the vowels, no such
correlations were found.

For the second comparison, analyses of variance were run with
the two experiments as between subjects variable. It will be
recalled that in the previous study [10], the target phonemes
were only specified once, at the start of a session. Figure 1
shows the mean RTs in ms. for the vowels versus the stops in
both experiments. In the previous experiment, mean RTs to the
two stops at 556 ms. were significantly shorter than those to the
vowels at 558 ms. (F1 [1,20] = 6.46,p < .02; F2[1,132] =8.57,
p < .01). The overall error rate was 4.9%, with no significant
difference between vowels and stops. Comparing the stops on
their own across experiments, there was a difference in mean
RT such that these sounds had shorter mean RTs in the present
experiment than in the previous, but this difference reached
significance only by items (F [1,132] = 15.83; p < .001). For
the two vowels, however, the difference in mean RT across

Figure 1. Mean RTs (ms.) for the vowels vs. the stops in
the present and the previous experiment.

/// 0O shortlag
550—/ ,
gsoo-/ 7
Il
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vowels stops
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experiments was highly significant (F1 [1,49] =5.79,p <.02;
F2[1,66] = 82.68, p < .001): vowels were responded to much
faster in the present study than in the previous. So both vowels
and consonants were detected faster in the present experiment
than in the previous, but for the vowels this effect was much
stronger.

3. DISCUSSION

The results of the present study show first of all that vowels are
not detected significantly slower than consonants. This is in
contrast with the results of a previous experiment [10], in which
an RT disadvantage for vowels was observed. Secondly, in a
direct comparison with this previous experiment, it was shown
that , although both vowel RTs and consonant RTs were faster
in the present study, vowel RT's decrease to a larger extent than
consonant RTs. So reducing memory load has the largest effect
on vowels.

This finding is entirely in line with Pisoni’s study [6] which
demonstrated that within-category vowel discrimination
performance decreases with an increase in delay interval. The
main difference between the present study and the comparison
study was the time lag between target phoneme specification
and stimulus presentation. In the present study the lag between
the forming of 2 mental representation for an intended vowel
target by listeners on the one hand and their response to the
actual occurrence of that target on the other was effectively
minimised. Therefore, these findings suggest that vowel
detectability is influenced by the drifting of vowel
representations over time.

4. CONCLUSION

This investigation has demonstrated that in a vowel-rich
language such as English, vowels are difficult to detect as
compared to unvoiced stops when listeners are under the time
and memory constraints imposed by the phoneme detection
task. However, this detection difference can be made to come
and go by manipulating the time lag between specification of the
target phoneme and presentation of the stimulus. When these are
close together, RTs to vowels decrease to a larger extent than
those to consonants. This suggests that variability of vowels
increases with time in a way that does not happen to such a great
extent for consonants. Furthermore, this increased variability
appears to lead to their comparative difficulty of processing in
the speeded detection task.

These findings need to be tested further. One possibility would
be to run the experiment described in this study using target
specifications that are spliced out of their respective words, so
that specification and stimulus are in fact identical for each
stimulus. It would also be of interest to extend the comparison
to consonants that are more vowel-like in terms of acoustic-
phonetic characteristics. For the time being, however, two
conclusions seem warranted. First, speeded detection of vowels
is more sensitive to manipulation of auditory memory load than
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detectability of stop consonants. Second, detectability of
phonemes in an RT task is not directly predictable from data on
perceptual resilience to distortion [1,2].
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