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Abstract 

English word-initial vowels in natural continuous speech are 
optionally preceded by glottal stops or functionally equivalent 
glottalizations. It may be claimed that these glottal elements 
disturb the smooth flow of speech. However, they clearly mark 
word boundaries, which may potentially facilitate speech 
processing in the brain of the listener. The present study 
utilizes the word-monitoring paradigm to determine whether 
listeners react faster to words with or without glottalizations. 
Three groups of subjects were compared: Czech and Spanish 
learners of English and native English speakers. The results 
indicate that perceptual use of glottalization for word 
segmentation is not entirely governed by universal rules and 
reflects the mother tongue of the listener as well as the status 
(L1/L2) of the target language. 
Index Terms: foreign accent, second language, glottalization, 
reaction times, word-initial vowels 

1. Introduction 

The speech signal contains a lot of information that cannot be 
described as phonemic, yet its contribution to effective speech 
communication often proves quite valuable. The presence or 
absence of certain inconspicuous features can in realistic 
conditions influence the effort exerted by the human brain to 
decode linguistic messages. Despite the traditional emphasis 
of segmental phonetics on supraglottally produced phones, 
some authors highlight the importance of glottal activity in the 
analysis of segmental chains of speech sounds. The most 
obvious phenomenon in this respect is the glottal stop, 
canonically articulated by a brief tight closure of the glottis 
with a subsequent abrupt release of the air trapped below it. 
This articulatory manoeuvre, however, requires a relatively 
great deal of effort and is often replaced by a short period of 
creaky phonation (or vocal fry) with same perceptual effect on 
the listener [1: 75]. For the purpose of this study and in line 
with common practice, we will call glottal stops and 
perceptually equivalent glottal gestures glottalizations ([2: 
408], although cf. [3], or [4]: 455). 

In the world’s languages, glottalizations offer themselves 
for different purposes, as discussed, for example in [5]. The 
three most common categories of use are (1) phonemic 
contrast, (2) prosodic structure marking, and (3) signalling 
affect or emphasis. In the present paper, we concentrate on the 
second category, i.e., the possibility of using glottal elements 
as boundary markers between higher than segmental units. 
Specifically, it is the word boundary (or possibly autosemantic 
morpheme boundary) with a unit-initial vowel involved. For 
example, the phrase Run out can be pronounced without 

[r�n�aut] or with [r�n��aut] glottalization, with the latter 
option explicitly marking the word boundary as well as 

sounding more emphatic in most variants of English (cf. e.g., 
[6: 155; 7: 345]).  

It was shown in [8] that the occurrence of glottalizations 
before word-initial vowels was correlated with the prosodic 
structure of the utterance. The deeper the prosodic break, the 
greater was the probability of glottalization. Similarly, 
metrically stronger syllables were glottalized more often than 
weaker ones. An extended look into the matter was presented 
in [2], together with other, more speaker-bound sources of 
variation. This variation was considered for the English 
language only. 

However, the presence of glottalizations varies language 
specifically not only in terms of its usage but also of its 
frequency (cf. [9] and [10]). As a consequence, learners of a 
foreign language may encounter difficulties either because of 
an inappropriate number and/or use of glottal stops in their 
productions or in their perceptions when their expectations 
diverge from the actual usage in the target language. It was 
demonstrated in [11] that Czech speakers of English use 
substantially larger numbers of glottal stops before word-
initial vowels than native speakers. This fact seems to 
contribute notably to the specific perceptual impression of the 
Czech accent of English. 

Apart from production effects, it is reasonable to 
hypothesize that regular occurrence of glottalizations before 
word-initial vowels in one’s mother tongue may lead to some 
sort of reliance on this boundary signal in speech perception of 
the second or foreign language. Therefore, we used the word 
monitoring paradigm [12], in which the subject is presented 
with a target word and then hears a carrier phrase containing 
that word. The subject’s task is to respond as rapidly as 
possible when he or she detects the target word in the speech 
material heard. Reaction times are measured to explore the 
ease with which speech is processed in the brain of the 
listener. 

The choice of three groups of subjects – Czech, Spanish, 
and native British speakers of English – provides an 
opportunity to explore the differences between native and non-
native reliance on word-initial glottalization as well as the 
difference between the Czech, who use glottal stops frequently 
as a regular juncture marker, the Spanish, who use it relatively 
infrequently and mainly as an emphatic marker, and the native 
English, who use it both as a boundary and emphatic marker 
but not as frequently as the Czech. 

Presenting these three groups of listeners with English 
phrases in which the target words start with a vowel and either 
are or are not preceded by a glottal element addresses our 
hypothesis that Czech listeners should benefit from 
glottalizations more than the English, while Spanish listeners 
should find the presence of the glottalization least beneficial. 
Counter to this hypothesis, though, there is a hypothesis, that 
the English listeners, due to lower processing costs of listening 
to their native language, will have other cues at their disposal 
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compared to the non-native listeners, to whom the additional 
cues may not be available (see, e.g., [13]). Because of that, the 
native English listeners might be able to utilize the possible 
facilitating influence of word-boundary glotallization better 
than the non-native groups.  

2. Method 

2.1. Stimuli 

The phrases that carried target words with word-initial vowels 
were obtained from a corpus of BBC news bulletins read by 
five female and three male non-professional British English 
speakers. Forty-eight stretches of speech were selected with 
the aim eliminating the predictability of the target word by 
means of the context. Half of the items occurred naturally with 
a glottalization while the other half lacked glottalization.  

For each of the 48 stretches of speech a counterpart was 
created by either removing a glottalization from the onset of 
the target words or inserting it where it naturally did not occur. 
Thus, a set of 48 additional stimuli was created. The inserted 
glottalizations were natural ones taken from utterances by the 
same speaker in the same segmental context. The intensity 
trimming and F0 smoothing by means of PSOLA as 
implemented in Praat [14, 15] at the cutting points was 
necessary to obtain natural-sounding stimuli. Small abrupt F0 
excursions and amplitude steps were corrected manually by 
linear interpolation and inspected perceptually. All the 
manipulated stimuli were again tested for their absence of 
artifacts by one native and two proficient non-native speakers 
of English (the authors of the present paper).  

The items to which a glottalization or glottal stop was 
added were on average 76.96 ms longer than their natural 
counterparts (s.d. = 6.77), and those from which the 
glottalization was removed were 81.04 ms shorter (s.d. = 
10.84). A Welch two-sample t-test indicated that this 
difference was not significant (p = 0.126). 

Thirty-six distractors (fillers) were incorporated into the 
test: a) 12 stimuli with an early target, in which the target 
word, starting with a consonant, occurred with the first or 
second syllable of the phrase, b) 12 stimuli with zero target, in 
which the target word displayed on the screen never occurred, 
and c) 12 stimuli starting with a consonant placed in a later 
part of the phrase. In order to prevent priming, we made sure 
that the distractor items did not repeat the target words. Six 
practice items were also prepared, including all the possible 
stimulus types: two with a target word starting with a vowel, 
two with target words starting with a consonant, one with an 
early target, and one with a zero target. 

All stimuli were set to the same mean root-mean-square 
energy level and flanked with a signal to indicate the 
beginning of each phrase (two unobtrusive beeps) and a non-
speech desensitization sound of two seconds, comprising a 
portion of white noise followed by gliding sinewave tones and 
approximately 670 ms of silence. The desensitization sounds 
help to eliminate the influence of one test item onto the 
following one and refresh the ability of the listener to hear a 
speech item independently of what was played before. 

2.2. Participants 

The Czech participants of the perception experiment were 32 
students of the Faculty of Philosophy at Charles University in 
Prague, aged 19-29. The Spanish participants were 37 students 
at the Department of English Philology of the University of 
the Basque Country in Vitoria, Spain, aged 19-30. Twenty-two 

of the Spanish natives were bilingual in Spanish and Basque, 
which should not affect the present study since the usage of 
glottal stops in Spanish and Basque seem to be very similar 
and, to our knowledge, no differences have been reported in 
the literature. The British English participants were 31 
students and employees of the University of Bristol, aged 19-
32.  

The Spanish and British subjects were paid for their 
participation, while the Czech participants received credits for 
a university course. 

2.3. Testing procedure 

The perception experiment was implemented with the DMDX 
software [16] on a Lenovo ThinkPad SL510 laptop. Stimuli 
were randomly distributed in four blocks (A, B, A', B') so that 
each block contained 24 stimuli with target items, equally 
subdivided between manipulated and non-manipulated items 
and with and without glottalization, and nine distractors 
(fillers). Blocks A' and B' contained the counterparts of the 
stimuli in A and B respectively, e.g. a manipulated stimulus 
with glottalizaton in A had its non-manipulated non-
glottalized counterpart in A'. Given the condition that a block 
of stimuli should not be immediately followed by the block 
containing the counterparts (e.g. block A should not be 
followed by A'), eight block orders were possible, which were 
alternated among test participants. The order of the stimuli 
was randomized in each block by the testing software. 

Unlike the paradigm employed in [12], the target word 
presented in orthography on the screen was displayed not only 
before, but also during the interval when the phrase was 
played. This way subjects did not need to memorize it, which 
we considered easier for non-native speakers of English. Two 
seconds after the appearance of the target word, the signal 
indicating the beginning of the phrase was played, followed by 
300 ms silence and the actual test item. The desensitization 
sound closed the sequence and after a 1.15 seconds delay the 
following target word was displayed on the screen. 

The stimuli were presented through Sennheiser HD201 
headphones in sound-proof booths in the above-mentioned 
academic settings in Bristol, Prague and Vitoria. Before the 
test, subjects listened to the six practice items and adjusted the 
volume to a comfortable level. The instructions informed the 
subject about the testing procedure. The non-native subjects 
were also informed they should not worry if they did not know 
any given target word, as their competence in English was not 
tested, and they would not be asked any comprehension 
questions later. 

The duration of the pauses between blocks of the test was 
at the liberty of the subjects, but a couple of minutes were 
suggested. The test lasted about 40 minutes, including the 
instruction, the practice and the pauses between blocks. 

3. Results 

3.1. Invalid responses 

In line with common practice, three types of responses were 
labelled as invalid: a) no response (miss), when the subject 
failed to press the key, b) false alarms, when the subject 
pressed the key too early (reaction time < 150 ms), and c) 
hesitations, when the subject pressed the key too late (reaction 
time > 1000 ms). 
Out of the total of 9600 responses (100 listeners × 96 target 
items per test), 12.1% were found to be invalid. These invalid 
responses were not shared equally by the three language 
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groups. Figure 1 hints that the native speakers of English 
contributed with only about 15 %, while the Spanish speakers 
produced more than a half of all the invalid responses. 

 

 
 

Figure 1. Relative contribution of the three language groups 

to the total number of invalid responses by manipulated (mnp) 

and natural (nat) items and non-glottalized (w/o) vs. 

glottalized (with) items. 

 

A different aspect of these results is summarized in Tables 1 
and 2 where the numbers of invalid responses are expressed 
relative to the total of responses in the category. There is a 
tendency towards greater numbers of invalid responses in 
manipulated items (glottalizations added or removed). We 
discuss this finding together with other results below in 
Section 4.  

Table 1. Percentages of invalid responses for 

manipulated vs. natural stimuli across Czech, 

Spanish, and English subjects (counts in brackets). 

Stimulus type Czech Spanish English 

manipulated 
11.7 % 
(179) 

20.0 % 
(356) 

7.0 % 
(104) 

natural 
10.2 % 
(157) 

16.6 % 
(294) 

5.1 % 
(76) 

Table 2. Percentages of invalid responses for non-

glottalized vs. glottalized stimuli across Czech, 

Spanish, and English subjects (counts in brackets). 

Stimulus type Czech Spanish English 

non-glottalized 
12.8 % 
(196) 

19.7 % 
(350) 

5.1 % 
(76) 

glottalized 
9.1 % 
(140) 

16.9 % 
(300) 

7.0 % 
(104) 

 
The numbers of invalid responses were greater for non-
glottalized items in the case of Spanish and Czech listeners, 
while the native speakers of English produced the opposite 
result. Although the differences do not appear large, they were 
all highly significant (McNemar's chi-squared test for matched 
items). One has to be cautious since chi-square tests produce 
significance even for small effects if the sample is extensive. 

3.2. Reaction times 

Word-monitoring reaction times for individual language 
groups of the listeners are displayed in Table 3. It is clear that 
the native speakers of English were the fastest and that 
glottalization before the word-initial vowel led to shorter 
reaction times in all three groups of listeners. 

Table 3. Mean reaction times in milliseconds across 

the mother tongue of the respondents with respect to 

the presence or absence of glottalization. 

Lang. Glott. 
Mean RT 

(ms) 
St. 
err. 

No. of 
resp. 

yes 371,0 4.6 1488 
English 

no 417,2 5.0 1488 
yes 413,2 4.5 1536 

Czech 
no 453,8 4.9 1536 
yes 430,7 4.2 1776 

Spanish 
no 457,8 4.6 1776 

 
Mixed-design ANOVA was run on the collected data with 
glottalization as the within-group variable and language as the 
between-group variable. The glottalization factor had two 
levels: the presence or absence of word-initial glottal element. 
The language factor refers to the mother tongue of a 
respondent in the perception test, therefore it has three levels. 
Both the main effect of the language and the main effect of 
glottalization were significant: F(2, 4797) = 50.99, p < 0.001, 
and F(1, 4797) = 134.7, p < 0.001. Post-hoc Tukey LSD tests 
showed that in all the three language group the difference in 
reaction times to glottalized and non-glottalized items was 
significant at the level of α = 0.001. 

 

 
 

Figure 2. Mean reaction times with 95-percent confidence 

intervals to words with and without glottalized word-initial 

vowels across British, Czech and Spanish groups of listeners 

 
The interaction between the two factors also proved to be 
significant, although not as highly as the two main effects: 
F(2, 4797) =3.11, p = 0.045. Lines in Figure 2 depict the 
interaction. They indicate that the Spanish listeners were main 
contributors in that to them the presence or the absence of the 
glottalization before the word initial vowel made smaller 
difference than in the Czech and the British group, as 
predicted by our hypotheses in Section 1. (Relative falls in 
reaction times for non-glottalized items were approximately 
11% for the British, 9% for the Czech and 6% for the 
Spanish.) 

Two-way ANOVA was also performed on reaction times 
with respect to the manipulation factor. Reactions to 
manipulated items were significantly slower than to natural 
items: F(1, 9308) = 39.3, p < 0.001. Interaction between 
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manipulation and glottalization factor was also significant: 
F(1, 9308) = 11.7, p < 0.001. Post-hoc tests revealed that 
manipulation actually did not matter when glottalization was 
added, but when it was eliminated from the signal, the reaction 
times increased significantly. The average increase was 36 ms. 

4. Discussion and Conclusions 

The results of the experiment agree with our original idea that 
(i) native processing would be superior to non-native 
perception and (ii) that the presence or absence of 
glottalization in the L1 of the listeners would interact with 
non-nativeness to reduce or increase the difference between 
native and non-native processing times. 

It seems that the 40-ms advantage of Czech learners could 
be related to the fact that the glottal stop is frequently and 
systematically used in Czech (also due to its phonotactics), 
and the foreign accent peculiar to Czech English is, among 
other things, manifested through frequent glottalizations of 
word-initial vowels [11]. Spanish speakers, who use glottal 
elements much less often and generally for different purposes, 
benefited from their presence in the speech signal to a 
significantly smaller extent. 

The question remains why native speakers of English (the 
British group) displayed such a considerable effect of 
glottalization if its use is described as optional in their mother 
tongue. We speculate that processing one’s own native 
language enables one to draw on additional resources which 
are not available to non-native speakers and which may have 
obscured the picture of glottal stop usage by this group of 
listeners. 

The native speakers of English also differed from the two 
‘foreign’ groups in that they produced more invalid responses 
on the glottalized items. This result also warns against 
premature conclusions about the positive effect of glottalized 
word initial vowels. 

One of the interesting outcomes of the study is the 
occurrence of a greater number of invalid responses in 
manipulated items compared with the natural items and longer 
reaction times to manipulations where the glottalization is 
excised from the signal. We knew from the outset that our 
manipulations must not leave any artifacts in term of clicks, 
formant discontinuities or F0 excursions. Yet is has been also 
known for some time that any disturbances in the natural flow 
of speech (minor shifts in rhythmic patterns) lead to longer 
reaction times in word-monitoring experiments (see, e.g., 
[17]). This is in agreement with contemporary accounts of the 
role of speech rhythm in cerebral processing of the speech 
signal [18]. According to these accounts human brain predicts 
the timing of the incoming acoustic events from the context 
and the generalized knowledge of the rhythmic patterns of the 
language. When we added into or excised glottalizations from 
our natural phrases, the rhythmic contexts were changed even 
if no consciously perceivable artifacts were apparent.  

In conclusion, the presence or absence of the glottal stop 
before word-initial vowels clearly matters. The results of our 
study suggest that a direct comparison of native and non-
native speech processing may not be as straightforward as it 
was previously believed. While the behaviour of the Czech 
compared with the Spanish group is in line with linguistic 
descriptions and our expectations, the advantage of 
‘nativeness’ may act against simple extrapolations of speech 
processing trends. 

Of the many remaining questions we would also like to 
analyze the variation in individual responses of the subjects in 
order to address the question whether the variation in 

production among individuals (as described, e.g., in [2]) is 
paralleled in perception or whether their perception is 
governed by more general rules (i.e., the rules that generalize 
the production of a large body of speakers encountered by the 
listener throughout his or her life experience). 

Moreover, the semantic status of the target word, its size 
(in terms of the number of syllables), or the phonological 
density of its competitors (the number of words that are 
phonemically similar) will have to be considered. Although 
the repeated measures design which we used does not require 
addressing all these issues at once, we would like to focus on 
them in the nearest future. 
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