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Abstract:
The phoneme, an abstract, descriptive unit of language, is crucial for our intellectual grasp of 
spoken language reality. It is seen as the basic constitutive unit in modelling human linguistic 
competence. However, supremacy in our conscious attempt to understand production and 
perception of speech needs not presuppose primacy in the domain of natural processes of 
speech behaviour. The syllable is often viewed as the phoneme’s closest competitor at the level 
of unconscious neurolinguistic planning and decoding. Reaction time (RT) measurements, 
based on the assumption that longer RTs mean a more complex or higher-order processing, 
have been used successfully (and frequently) in various psycholinguistic experiments. In 
our study we used a word-monitoring paradigm to investigate, whether the brain processes 
phonemes or syllables faster when recognizing words. For that purpose we broke the speech 
signal with short stretches of silence and, also, used the English language for Czech listeners 
to add extra cognitive load to the task, which should underscore potential differences in the 
outcome. The results showed that phone segmentation exerts greater demands on percep-
tual mechanisms than syllable segmentation. Syllable-sized units are apparently easier to 
process and only then broken into smaller elements. The secondary goal of our study was 
to compare two freely available computer programmes used for behavioural experiments in 
order to determine their applicability in linguistic research.
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Introduction
Descriptions of sound patterns of languages are heavily dependent on abstract descriptive units 
called phonemes. Even the phonological approaches that dispute the primacy of phonemes 
in their models still use them, if only to talk about the subject matter in a comprehensible 
manner. The phoneme is an essential unit of our intellectual grasp of spoken language reality. 
Our ability to recognize phoneme manifestations in the sound structure of speech made it 
possible to design and introduce alphabetic spelling systems: currently the prevailing tech-
niques of writing in the languages of the world. We can hardly dispute that a system, which 
allows almost everybody to record linguistic messages and read them later has been one of 
the greatest achievements of humankind.
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Phonemes are defined as the smallest units of contrast, and their mutual combinations 
and distribution in higher units like morphemes or words are carefully studied. For many 
current linguists, it is unimaginable to discuss the structure of spoken forms of a language 
without a reference to phonemes. Their analogues, phones and allophones, can enrich the 
descriptions with physical properties of materialized speech or with detail of contextual vari-
ation. It is, therefore, quite understandable that when it comes to modelling human linguistic 
competence, the phoneme is seen as the basic constitutive unit, i.e., the principal building 
block of the whole structure.

However, supremacy in our conscious attempt to understand production and perception 
of speech is not necessarily the same thing as primacy in the domain of natural processes of 
speech behaviour. Compared with the amount of neural actions taking place in our brains 
at any given moment, the ones that pertain to our consciousness make only a small fraction. 
Obviously, they have their limitations and, as a consequence, they also lead to preferences 
for models that are somehow “intellectually manageable”, i.e., simple enough to be mentally 
grasped. The fact that the phoneme is one of the best tools to operate metalinguistically on 
the sound structure of a language does not automatically mean that it must be employed in 
the same fashion in unconscious neurolinguistic planning and decoding of the speech signal.

There have been powerful hints concerning the role of the phoneme from the area of 
speech technologies. Artificial synthesis of speech concatenated from individual phoneme 
representations was a failure: the resulting utterances were barely comprehensible, let alone 
natural. A similar dissatisfaction can be presently observed in the field of automatic speech 
recognition (ASR), where the struggle for higher success rates is supported only by massive 
contextual dependency models. Researchers have, therefore, dedicated a lot of thought to 
experimental designs that would ascertain the role of the phoneme in the competencies of 
an ordinary language user.

The closest competitor of the phoneme for the leading role in production and perception 
of speech is the syllable: a natural unit, which, unlike the phoneme, can be materialized quite 
easily without the support of additional sounds, such as neutral vowels or glottal stops. The 
trouble is that while the inventory of phonemes is counted in tens (e.g., 39 for Czech, 44 for 
British English, etc.), syllable inventories count in hundreds or even thousands. Conscious 
intellectual management of such inventories is much harder. This is, for instance, reflected 
in the fact that syllable-based orthographic systems take greater effort to be mastered.

Yet the question of true linguistic competence (i.e., the competence of an ordinary user 
of a language observable in natural communicative behaviour) is becoming the central is-
sue in phonology. As signalled by the foundation of the Laboratory Phonology movement in 
1987 and endorsed many times later (see, e.g., Pierrehumbert – Beckman – Ladd, 2000), 
phonology will either build adequate models of linguistic behaviour or will become irrelevant 
as a functional scientific discipline. There is no place for concepts that no one cares to test 
empirically and no place for models whose predictive power is never examined in real-life 
tasks. The desperate need for adequate, accurate accounts of how speech really works is felt 
by many in the stagnating fields of speech therapy and the didactics of language learning.

One of the possibilities to investigate mental representations of linguistic units and rules 
empirically is an experiment with reaction time measurements. There are many types of such 
experiments. In their manual concerning techniques of spoken word recognition research, 
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Grosjean and Frauenfelder (1996) gathered eighteen experimental paradigms, of which four-
teen rely on reaction time measures. They are based on the assumptions that different reaction 
times mean different cerebral processing of the speech signal and that longer reaction times 
(or latencies, as they are also called) mean more complex processing or processing of higher 
order (see also Wickens, 2002).

Sendlmeier (1995, p. 134) advocates exactly this tenet when he discusses four experimental 
approaches to mental representation of speech. In one of the experiments that he describes, 
subjects were asked to monitor continuous speech and quickly press a button when they 
heard a target phone or syllable. Reaction times to syllables were significantly shorter than 
latencies to phones, i.e., manifestations of phonemes. This result could mean that one has 
to first recognize a syllable and then break it into constituting units.

In our current study, we have decided to approach the problem from a different angle 
with the objective to either corroborate the earlier findings or to revise them. While still us-
ing a monitoring paradigm, we decided to break the speech signal with very short stretches 
of silence. In one condition, individual phones would be separated by minuscule pauses, in 
the other individual syllables would. The total amount of inserted silence must be the same 
in both conditions (for more detail see below – Section 2, Method). We argue that if our 
brain prefers individual phoneme templates to recognize words, then there should not be 
any disadvantage in separating phoneme manifestations by very short stretches of silence 
in comparison with an analogical manipulation to the syllable chain as long as the sum of 
the inserted silence is the same.

In addition, one of more practical goals of our study was to compare two testing computer 
programmes, both of which are freely available. The newer one (Alvin; Hillenbrand – Gayvert, 
2005) provides a very useful platform for many types of behavioural testing and allows for 
multiple modifications of testing procedures, while the older one (Dmdx; Forster – Forster, 
2003) is designed specifically for reaction time measurements. We wanted to know whether 
these two applications are equally suitable for our experimenting, especially with regard to 
the precision and consistency of reaction time measurements.

1. Method
The experiment was based on the word-monitoring paradigm (Kilborn – Moss, 1996). The 
respondents listened to auditory stimuli for a target word printed on the screen. Their task 
was to press a key as soon as they detected the word. The material consisted of 24 extracts 
from a series of BBC news-bulletins read by a male speaker of British standard (i.e., RP or 
Received Pronunciation); their length varied from 3 to 6 stress-groups. We made sure that 
the target words (lexical, basic English vocabulary) could not be predicted from the semantic 
and grammatical context (e.g., “and better WATER management”; “Monday after what state 
TELEVISION said”). The audio stimuli were preceded by a 3-second silence and two beeps 
were added 500 and 1000 ms before the stimulus to alert the listeners and make them ready 
for the upcoming item.

Out of the 24 items, four were used for initial training, in which subjects familiarized 
themselves with the procedure and the speaker. The remaining ones were used in the test 
proper, and five of them were selected for repetition so that intra-listener consistency could 
be determined. The test thus consisted of 29 items, which each listener received in a different 
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randomized order (with the exception of the trial items). The total duration was approximately 
7 minutes, a time short enough to guarantee the listeners’ concentration during the whole 
experiment.

The perception tests were administered to 29 university students (12 female + 7 male, 
Czech, aged 20 to 30) with at least intermediate knowledge of English. English material 
tested on Czech listeners was chosen for three reasons. First, non-native language adds fur-
ther cognitive load which should prevent a ceiling effect in the experiment and emphasise 
potential differences in the processing. Second, our results should be easier to explain to 
international audiences or be potentially compared to the work done so far in the field. Third, 
an analogous study for the Czech language presented to Czech listeners is planned at the 
Institute of Phonetics. 

The listeners received the stimuli in one of two types of manipulation: segmented either 
into phones or into syllables. Moreover, in order to test the two software tools, the subjects 
had to participate twice. In the first session, they were presented with the perception test in 
either Alvin or Dmdx; in the second session, which took place at least three weeks later, the 
listeners were given the test in the other programme than in the first session. The testing was 
conducted via headphones in a sound-treated booth at the Institute of Phonetics in Prague. 
The conditions were kept equal in both sessions and between individual listeners.

One half (Group A) received items in syllable segmentation, while the other half (Group 
B) items in phone segmentation. The two series of items were created by inserting pauses 
between the segments. Syllables were separated by a 174-ms pause (i.e. mean syllable duration 
in the material), while phones were separated by a pause computed as mean syllable duration 
multiplied by the number of syllables in the extract, and divided by the number of phones in 
the extract; thus the total duration of a given item was identical in both segmentation modes.

The recommendations in Principles of Phonetic Segmentation (Machač – Skarnitzl, 2009) 
were applied in the segmentation process but with a few modifications. Aspiration noise in 
plosives was treated as part of the following vowel, while explosive noise as part of the conso-
nant. Devoiced sonorants had to conform to the minimal duration criterion, and the release 
of the preceding plosive should not exceed the duration of its closure. Four micro-pauses 
occurred in the material (shorter than 50 ms; conventionally a pause must have 100 ms to be 
recognized as such). These were divided equally between the two neighbouring phones. The 
minimal duration of a phone was set to 20 ms; the boundaries of shorter sounds were moved 
so as to meet this criterion. In syllabification we follow the Longman Pronunciation Dictionary 
(Wells, 2008); syllabic /l/ is treated as a single segment, with the exception of a  prominent 
vocalic element, in which case /l/ is a sequence of [schwa] + [l].

2. Results
Three types of responses were considered invalid: missed trials, when the subject did not detect 
the target word; false alarms, when the subject made the response too early (RT < 150 ms); 
and hesitations, when the subject made the response too late (RT > 1000 ms). If the number 
of a subject’s invalid responses exceeded one third of the total, the performance of that person 
was discarded altogether. This was the case of only one subject (invalid responses rate = 90 %), 
who herself declared the insufficient level of her English after the testing.



SALI 2012/1-2/4.2.2013 –  SALI_2012_01-02_006.indd

29

Out of the total number of 1176 responses by the accepted subjects (28 listeners × 21 target 
items per test × 2 versions), 112 responses (9.5 %) were found to be invalid (see Table 1). 
These were not shared equally by the listeners: nine subjects had one or no invalid response, 
ten subjects had 2 to 4 invalid responses, five subjects had 7 invalid responses, and four 
subjects had more than 8 invalid responses. More importantly, the distribution of invalid 
responses seems to be affected by the type of manipulation: Group A, with items in syllable 
segmentation, shared 36 % of the invalid responses (40 items), while Group B, whose items 
were segmented into phones, shared 64 % of the void responses (72 items). The difference 
is highly significant (χ2

Yates
 (1, 112) = 8.58, p < 0.01) and favours the syllable segmentation 

mode. The error rates were found to be correlated with mean reaction times of subjects’ 
responses: Pearson r = 0.67, p < 0.001.

The difference in the distribution of invalid responses is not significant between Alvin and 
Dmdx (54 % and 46 %, respectively; p = 0.35), and neither is that between the two sessions 
(57 % and 43 %, respectively; p = 0.13). The results are summarized in Table 1.

category N per cent

invalid responses 112 100%

syllables 40 36%

phones 72 64%

Alvin 61 54%

Dmdx 51 46%

1st session 64 57%

2nd session 48 43%

Table 1: The distribution of invalid responses across categories (segmentation mode, software, and session).

Since each subject’s responses were paired (because of repeated measures design), any dis-
carded item meant also the removal of its counterpart. Thus the number of discarded responses 
rose from 9.5 % to 15.1 %. Only the remaining items were analysed for reaction times.

Two analyses of variance for repeated measures were performed, one with subjects as the 
random factor (subj) and one with items as the random factor (item). The ANOVAs were 
run on the collected data with software as the within-group variable and segmentation mode 
and software order as between-group variables. The software factor had two levels (Alvin × 
Dmdx), and each independent variable also had two levels: syllables × phones for segmenta-
tion, and Alvin-Dmdx × Dmdx-Alvin for software order. The main effect of the segmentation 
mode was significant: F

subj 
(1, 24) = 9.21, p < 0.01; F

item
 (1, 495) = 47.96, p < 0.001. Subjects 

responded faster to items with syllable segmentation (Table 2), which is in accord with the 
results of the error rates analysis above (there were more invalid responses in the phone 
segmentation mode).

Syllables versus phones in a word-monitoring experiment
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category mean RT (ms) standard error N of responses

syllables 496 9.2 265

phones 589 9.8 234

AD 566 9.5 251

DA 520 9.5 248

Alvin 551 8.0 499

Dmdx 535 7.3 499

Table 2: Mean RTs in milliseconds according to segmentation mode (syllables × phones), software order 
(AD × DA: A = Alvin, D = Dmdx), and software (A × D).

Surprisingly, the main effect of software order was also significant, but only in the analysis by 
items: F

subj 
(1, 24) = 2.09, p = 0.16; F

item
 (1, 495) = 11.71, p < 0.001. The group that received 

items in the order Alvin-Dmdx had slower reaction times than those who had used Dmdx first 
and then Alvin in the second session (Table 2). The main effect of software, although significant 
in the analysis by items (F

item
 (1, 495) = 5.04, p < 0.05), should not be relevant because both 

groups used both programmes. Moreover, the effect disappears in an analysis by subjects.

category 1 category 2 mean RT (ms) standard error N of responses

syllables AD 499 12.7 138

DA 493 13.3 127

phones AD 632 14.1 113

DA 546 13.6 121

syllables Alvin 505 10.9 265

Dmdx 487 9.9 265

phones Alvin 597 11.6 234

Dmdx 582 10.6 234

AD Alvin 596 11.3 251

Dmdx 535 10.3 251

DA Alvin 506 11.3 248

Dmdx 534 10.3 248

Table 3: Mean RTs in milliseconds across category 1 with respect to category 2. The categories are segmentation 
mode (syllables × phones), software order (AD × DA: A = Alvin, D = Dmdx), and software (A × D).

In search of an explanation, we looked at the interactions between factors (Table 3). There was 
no significant interaction between software and segmentation mode (p

subj
 = 0.91; p

item
 = 0.84), 

with responses to syllables being approximately 93 ms faster in both programmes. However, 
the interaction between segmentation mode and software order proved to be significant: 
F

item
 (1, 495) = 8.94, p < 0.01. With subjects as the random factor, the interaction was not 

significant (p = 0.12), although the trends looked alike. As can be observed in Figure 1a, the 
reaction times to syllables were virtually identical in the two groups (visualized by dots), 
but there was an 86-ms difference in the reactions to phones (squares). Similarly, the two 
groups differed in their responses in the two sessions. Figure 1b shows that (1) the group 
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that received items in the order Alvin-Dmdx (AD) was faster in the second session by 61 ms, 
while the other group (DA) was faster by only 28 ms; and (2) the initial response times of 
the two groups were vastly different, with group DA beginning where group AD ends. The 
interactions were significant: F

subj 
(1, 24) = 13.95, p < 0.01; F

item
 (1, 495) = 37.03, p < 0.001. 

The interaction between all the three effects (software × mode × order) was slightly below 
the level of significance (p = 0.06), but the comments above seem to apply as well.

Fig. 1: Mean reaction times with 95-percent confidence intervals across groups AD (Alvin-Dmdx order) and DA 
(Dmdx-Alvin order) a) to items in phone and syllable segmentation (picture on the left) and b) to items received in 
Alvin and Dmdx (picture on the right).

It was therefore necessary to assess the contribution of individual subjects. Figure 1a indicates 
that the group, which received items in syllable segmentation was homogenous, i.e., there 
were no subjects (either in AD or DA) pulling the results in a single direction. However, those 
who received items in phone segmentation introduce differences into the AD and DA groups: 
two subjects in the group AD were markedly slower in their responses than the rest, while two 
subjects in the other group (DA) were responding markedly faster. These extremes collaborate 
and seem to contribute to the otherwise unaccountable difference between the two groups.

When the four subjects (out of 28) are excluded from analysis (Fig. 2), the interaction 
between the main effects of segmentation mode and software order is no longer signifi-
cant (p

subj 
= 0.69; p

item
 = 0.73). The main effect of segmentation mode remains significant 

(F
subj 

(1, 20) = 8.46, p < 0.01; F
item 

(1, 428) = 39.61, p < 0.001), the mean RT of phones being 
only 2 ms smaller than previously in the complete analysis. Similarly, the mean RTs of Alvin and 
Dmdx change little (< 3 ms), so the main effect of software is still significant in the analysis by 
items: F

item 
(1, 428) = 5.99, p < 0.05 (p = 0.10 by subjects). The main effect of software order 

is no longer significant (p
subj

 = 0.81; p
item

 = 0.45), which is in line with our hypothesis – seg-
mentation mode and software are universally given and as such are not affected by exclusion 
of some subjects; software order, on the other hand, was assigned randomly and thus depends 
on the capabilities of the individual subjects.

Syllables versus phones in a word-monitoring experiment
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Fig. 2: Figure 1a with four subjects excluded from analysis (see text). AD = Alvin-Dmdx order, DA = Dmdx-Alvin 

order.

3. Discussion
The mechanisms of speech perception will elude researchers for a long time to come. Although 
there are many people dedicating their effort to the investigation of the problem, we are ap-
parently dealing with a very complex set of processes. However, patient work is leading step 
by step closer to the models of speech behaviour that are more plausible than the existing 
comfortable simplifications.

Three main conclusions from our study should be emphasized. First, phone segmentation 
exerts greater demands on perceptual mechanisms than syllable segmentation. This cor-
roborates earlier findings concerning the auxiliary role of phonemes in speech processing: 
they are probably too small, hence too many per a unit of time. Also, their representations in 
speech display immense variation, which only makes sense in the context of neighbouring 
segments. Syllable-sized units are apparently easier to process and only then broken into 
smaller elements. This does not cast any doubt over the leading role of phoneme-sized units 
in intellectual descriptions of sound patterns in languages. Likewise, our result does not 
constitute any grounds for the claim that the syllable is the unit on which speech perception 
is based. Current hypotheses speak about multi-stream perceptual flow: the brain can follow 
a chain of units of various sizes and switch among them (Sendlmeier, 1995).

Second, although the overall direction of the result was the same regardless of the software 
used, the Dmdx programme provided data with smaller dispersion and more predictable 
deviations. Additional experimenting with a more rigorous arrangement confirmed that de-
spite being more modern, Alvin is more susceptible to whimsical MS Windows behaviour.

Third, reaction time measurements are easier to analyse and process with greater groups 
of respondents. Given our design, 28 listeners were still not enough to prevent artefacts. 
Fortunately, additional analyses elucidated the outcomes without providing grounds for 
reservations.

On the other hand, there are still many problems that have to be explained. For instance, 
it has been demonstrated that listeners detect a word faster if they hear it for the second time 
from the same speaker as before. If they hear the same word for the second time but from 
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a different speaker, detection is slower (Pisoni, 1997). This means that even ideal syllable-sized 
units of mental representation are not enough to explain how the speech signal is processed 
in the brain. Apparently, our mental representations are never completely “ideal”. They carry 
some traces of our past experience, which influence the recognition of linguistic units.

There is also evidence that the whole process is far from universal. Languages with differ-
ent types of prominence distribution (i.e., rhythmically different types) may require different 
perceptual algorithms (e.g., Cutler – Pasveer, 2006; van Donselaar – Koster – Cutler, 2005). 
Again, if linear units were independent building blocks in a universal sound grammar, we 
would not find different parsing mechanisms in the minds of speakers who use different 
suprasegmental features. Thus, we may expect unidentical results when we replicate the 
experiment with Czech listeners processing their mother tongue. Rather than an opposite 
effect, though, we can expect a different scale of timing contrasts.

As explained above, even though syllables displayed an advantage over phonemes in our 
current study, they still cannot be endorsed as primary (i.e., most often exploited by the brain) 
units of speech perception. In our future work we would like to further investigate the matter, 
first by looking at various types of syllabification procedures and their impact on latencies, 
and then at other, perhaps even hybrid units of parsing.
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Abstrakt:
Foném – abstraktní, popisná jednotka jazyka – hraje klíčovou roli při intelektuálním ucho-
pení mluvené formy jazyka. Jde o základní konstitutivní jednotku v modelech lidské jazykové 
kompetence. Jeho důležitost při naší vědomé snaze o porozumění produkci a percepci řeči 
však nemusí nutně znamenat, že je primární jednotkou také v oblasti přirozených řečových 
procesů. Za nejbližšího konkurenta fonému na úrovni vědomí nepřístupného neurolingvi-
stického plánování a dekódování řeči se nejčastěji považuje slabika. Měření reakčních dob 
(RD), založené na předpokladu, že delší RD znamenají komplexnější zpracování či zpraco-
vání vyššího řádu, bylo mnohokrát úspěšně použito v nejrůznějších psycholingvistických 
výzkumech. V této studii používáme tzv. monitorovací experiment s RD k tomu, abychom 
zjistili, zda mozek při rozpoznávání slov zpracovává rychleji fonémy nebo slabiky. Za tímto 
účelem jsme řečový signál přerušili krátkými pauzami; abychom českým posluchačům úkol 
kognitivně ztížili, a zvýraznili tak potenciální rozdíly ve výsledcích, použili jsme v testu anglický 
materiál. Výsledky ukazují, že segmentace na hlásky klade na percepční mechanismy vyšší 
nároky než segmentace na slabiky. Jednotky na úrovni slabiky jsou podle všeho zpracovávány 
snadněji a na menší jednotky rozdělovány teprve dodatečně. Druhým cílem této studie je 
srovnání dvou zdarma dostupných počítačových programů používaných pro behaviorální 
experimenty a ověření jejich použitelnosti v lingvistickém výzkumu.


