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Abstract—Many phonetic phenomena that occur in connected 

speech are classified as phonetic periphery where anything can 

happen. A well-known convenient way to fix any phonetic 

phenomenon using certain symbols is transcription. The current 

paper aims at showing the model of predicting allophones by 

coordinating a number of factors that determine the choice of a 

particular allophone and visualizing the result changing certain 

letters into corresponding IPA symbols. Free Pascal compiler and 

Geany editor are used for programming purposes. The model is 

created for American English. It is tested for tap and glottal 

burst, the latter being one of the three glottalization patterns. The 

difference of the combination of factors for purely linguistic 

analysis and for computer programming is explained. We 

demonstrate (i) the framework for integrating separate blocks 

each dealing with one phenomenon (ii) a block for tapping which 

is almost finalized and a part of a block on glottalization, 

particularly patterns for glottal burst. 
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I.  INTRODUCTION 

Since instrumental methods of speech analysis appeared, a 
lot of research of the flow of speech has been performed, 
numerous results have been obtained concerning canonical and 
non-canonical phenomena. A number of connected speech 
phenomena have been studied, the factors determining them 
have been more or less described. 

A well-known convenient way to fix any phonetic 
phenomenon using certain symbols is transcription. When data 
on connected speech phenomena are obtained, a series of 
logical questions appear: How regular are these phenomena? 
Can we create a computer model predicting them using e. g. a 
written text as an input file? How well will this model 
correspond with reality? 

In our paper we tried to answer these questions concerning 
taps and glottalization in American English. Traditionally in 
the phonetic literature they are viewed as a part of phonetic 
periphery where anything can happen [1]. We hypothesize that, 
no matter being phonetic periphery or not, phenomena like 
tapping and glottalization demonstrate regular patterns that can 
be formalized into a computer model. In the current paper we 
demonstrate (i) the framework for integrating separate blocks 
each dealing with one phenomenon (ii) a block for tapping 

which is almost finalized and a part of a block on glottalization, 
particularly patterns for glottal burst. 

II. CONDITIONS DETERMINING TAPPING AND 

GLOTTALIZATION: LINGUISTIC AND COMPUTER VIEW 

The choice of the two particular allophones is determined, 
first by their regular occurrence in the conditions given below 
(90.1% for taps, 88.9% for glottal burst), second, by the drastic 
difference of their acoustic characteristics (Praat was used for 
acoustic analysis [2]) from the ones of the canonical allophone 
of /t/. Fig. 1–6 demonstrate that difference. In the canonical 
allophone (see Fig. 1–2) the following well-known phases can 
be found: occlusion, impulse, friction (always present) and 
aspiration (appears only before non-front vowels). 

Taps (Fig. 3–4) are generally very short, they might or 
might not have an occlusion; their impulse-like phase is very 
short and often not localized properly; there is always 
fundamental frequency (F0) presence and it is often 
accompanied by considerable intensity drop. 

Glottal bursts (Fig. 5–6) vary in duration from quite long to 
super short, might or might not be accompanied by the 
previous occlusion, might or might not have F0. Its impulse 
phase is concentrated in low-mid frequencies and it is very 
weak for good physiological reason – you cannot produce a 
strong one with your vocal folds. 

Four conditions for /t/ and /d/ tapping in American English 
can be easily singled out based on phonetic literature analysis: 

1. intervocalic (V1CV2) word-internally in putting, 
pudding etc. with any stress pattern of V1 and V2 being 
only unstressed; 

2. intervocalic word-finally in get in, had a etc. with any 
stress pattern of both V1 and V2; 

3. before syllabic 'l' in battle, middle etc.; 

4. between rhotic and non-rhotic vowels in words like 
party, sort of, harder, heard of etc. 

More information on taps (or flaps) is available in Wolfram 
and Johnson [3], Orion [4], Mills [5],  Laver [6], Language 
Files [7], Herd et al. [8], Huffman [9], Broadbent [10], and 
Warner et al. [11]. 
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Fig. 1. Canonical /t/ with fricative and aspiration phases in took. 

 
Fig. 2. Canonical /t/ with fricative phase in tea. 

 

Fig. 3. Tap in not only. 

 

Fig. 4. Tap in pretty. 

The following conditions make for glottal burst: 

 word-internal /t/ + /l/, /n/, /m/; 

 word-final /t/ + any sonorant except for /ŋ/. 

Glottal burst is a part of glottalization phenomenon which 
includes: 1) voiced and voiceless implosives (canonical locus is 
preserves, glottal occlusion is added, no audible release is 
noticed), 2) glottal stop (canonical locus is substituted by 
glottal stop, no audible release), 3) glottal burst (canonical 
locus is substituted by glottal stop which is released) [12]. For 
more information on glottalization see Firth [13], Cruttenden 
[14], Laver [15], Ladefoged [16], and Broadbent [10]. 

These conditions are meant for a user who possesses basic 
skills of transferring letters into sounds. There is quite a 
number of issues that are taken for granted and need no 
explanation for a native American English speaker or an 
American English learner who can at least read properly. 
People easily manage a number of things that computer does 
not naturally possess skills for. The ones crucial for tap and 
glottal burst are: 

 mute word-final “e” in words like hate, definite etc.; 

 mute word-initial “h” in words like heir, honor etc.; 

 groups of letters like “ough”, “augh”, “eigh” that 
contain a consonant letter but make one single vowel 
sound in words like bought, daughter, height etc.; 

 mute “ai”, “e” in words like certain, written etc. 
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Fig. 5. Glottal burst in certain. 

 

Fig. 6. Glottal burst in Atlantic. 

To these issues word-stress and sentence-stress should be 
added as far as a person, who speaks decent English, knows 
where to put stress and the computer does not. 

Issues, like the ones mentioned above, need to be 
programmed properly otherwise it will lead to inadequate result 
of the program performance that would distort real-speech 
pattern. 

III. EXPERIMENT 

A. Tools 

For transcription the symbols of the International Phonetic 
Alphabet (IPA) are used. For correct visualization of source 
text program and the results of its execution a font with 
unicode support is needed. Therefore Doulos SIL font was 
used. 

For programing Free Pascal is used. The source text was 
typed in Geany editor. Standard library of Free Pascal was used 
to work with text variables. Version 2.6.2 (2015) that supports 
unicode was used [17]. The program written in this version can 
by compiled in any further versions of Free Pascal. The 
program compilation and execution were performed in Linux. 

B. The program 

1) Framework and conflicting cases 
The program operates within the following framework (see 

Fig. 7) that is very universal and can be suitable for any 
phonetic modifications, not only for tap and glottal burst. 

We view some text where we wish to transcribe certain 
connected speech phenomena as an input file. As far as a 
number of phenomena occur on the word boundary, we cannot 
focus only on what is going on word-internally. Therefore we 
have to deal with every current word looking inside and out. 
This includes the characteristics of the previous word, the 
following word and non-alphabetic symbols between those 
words, particularly punctuation or symbols for pauses or any 
other symbols that might be deliberately added during text 
processing. Words and fillers are variables that are not 
subjected to any changes. They are analyzed according to 
certain criteria that have been targeted. For instance, if we 
target taps then the program needs to find out if there are 
certain letters in certain positions that presuppose tapping. 

There are two things that we need to keep in mind. First, if 
talking about «t» letter we know that it can be transcribed by 
one or more than one phonetic symbol, e. g. tap [ɾ], weak 
voiceless allophone [t], glottal burst [Ɂ], glottal stop [Ɂ˺], 
canonical alophone [th]. Second, there are so called conflicting 
cases. These are where formally one and the same position 
might require different allophones, like, for example word-final 
intervocalic «t» with the next «u» vowel letter: tap in that up 
but glottal burst in that usual (see Fig. 8). While processing the 
word that an additional variable sIsChange is introduced. 
Initially it has «-» for every symbol: «----». 

After the checking procedure in the final position in this 
word that has t-letter the program changes «-» into «+». After 
confirming the correspondence to the condition 
<Vowel>+t+<end-of-word>+<u><n><i> the variable 
sIsChange will be interpreted as«---+», the variable 
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aChangeStr[4] will be assigned Ɂ symbol. After that 
processing will continue but further processing will not change 
the symbol that has been previously assigned. 

Another example of the same sort would be postvocalic 
word-final «t» with the next «h» consonant letter that in most 
instances works for glottal stop but in case of mute «h» (honor 
etc.) makes for tap. 

2) Regular expressions 
We use standard regular expressions that are provided with 

Free Pascal. This enables to decrease the number of if-
operators and by this simplify the program structure (see Fig. 
9). 

3) Two blocks of the program: tap and glottal burst 
The program deals with word-final and word-internal taps 

separately (earlier we demonstrated a pilot version of this block 
as a separate program [18]). Fig. 10 shows the algorithm of 
word-final tap processing. Fig. 11 shows the algorithm of 
word-internal tap processing. 

 

Fig. 7. Framework for automatic transcription of connected speech 
phenomena. 

 

Fig. 8. Conflicting cases: that + «u». 

 
Fig. 9. Regular expressions. 

 
Fig. 10. Example of word-final tap processing. 

 
Fig. 11. Example of word-internal tap processing. 

 
Fig. 12. Example of word-final glottal burst processing. 

Figures 12 and 13 demonstrate the algorithm for 
correspondingly word-final and word-internal glottal burst 
processing. Both blocks operate within 90% accuracy. In the 
tap block the unattended issue is word-initial intervocalic 
tapping that occurs for to as particle, preposition, or prefix in 
word sequences like so to speak, go to college, be together etc. 
Those cases are not very frequent but quite stable for tapping in 
American English speech flow and need to be programmed 
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Fig. 13. Example of word-internal glottal burst processing. 

properly. Glottalization block is to be considerably enlarged: 
glottal stop and implosive parts are to be added to glottal burst 
part. The first one will present no problem: just a set of char 
and strings enumerating consonants of a different than fore-
lingual articulator are needed: f, v, p, b, k, g and, additionally, 
ph, qu strings. 

The second part is a challenge because it is not easy to 
accurately predict pauses. Punctuation can be helpful (full 
stops, exclamatory and question marks, dashes, colons and 
semicolons, and at times – commas), but a certain number of 
pauses might be located in places other than punctuation 
marks. Such pauses must be tagged during text preprocessing. 

IV. CONCLUSION 

In the present paper we pointed out the necessity to make a 
computer model predicting various connected speech phonetic 
phenomena and, using the example of taps and glottal bursts 
that are regular in American English, showed how it might 
look like if we use Free Pascal language. The number of blocks 
each corresponding to a certain phonetic phenomenon can be 
easily enlarged; each block itself can be enlarged as well to 
reflect the majority of conditions and increase allophone 
predictability in the output file. 

The same kind of programming can be done for Canadian 
and Australian English where taps  are almost as frequent and 
stable under the conditions described above as in American 
(about taps/flaps in Australian English see e.g. Malcolm [19], 
Cox [20]). Unfortunately tapping and glottalization cannot be 
modeled reliably for British English due to changing standard 
[21], [22] and high degree of free variation in the condition 
described above: for instance, one word-final intervocalic 
position presupposes several allophones with almost no 
predictability of the pattern in British and only one allophone 
in American with more than 90% predictability [23]. 
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