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Abstract

The Phonetic Difficulty Index (PDI) is discussed in a variety of aspects, such as its origin, bibliography, structural design, functionalities and present as well as potential applications.  The PDI is a global numerical measure of lexico-phonetic difficulty of English words to Polish EFL (Polglish) learners.  It originated as part of the electronic Phonetic Access Dictionary (PAD) in the mid-1990's.  It accounts for learners' common (a) grapho-phonemic, (b) L1-transfer, and (c) L2-interference pronunciation problems.  The PDI is currently programmed as a computer algorithm working on alphanumeric ASCII strings.  It can be used for querying electronic dictionaries, in semi-automatic pronunciation exercise generation, in compilation of word-lists for EFL instruction and psycholinguistic experimentation, for NLP applications, as well as in phonetic and phonological research.

Introduction

In a series of contributions, briefly summarized below, I have developed a computer-implemented algorithm generating the EFL Phonetic Difficulty Index (PDI) for English words as acquired by Polish learners.  Briefly, "the idea of the index is that it is a global numerical measure of the phonetic difficulty of the given English lexical item for Polish learners. The measure combines (a) the most salient grapho-phonemic difficulties such learners are known to have reading English, i.e. mostly spelling pronunciation, (b) some commonest phonemic L1-interference problems known from the literature and my own teaching experience, finally (c) some of the notorious developmental L2-interference pronunciation errors observed in all learners of English regardless of their L1 background" (Sobkowiak 1999:214).  The PDI can be used as a tool in a wide variety of pronunciation-related research projects and practical applications.

In the following I will briefly present: (a) the genesis, rationale and bibliography of PDI, (b) its current structural implementation, (c) its existing and potential functional applications.

1. The genesis, rationale and bibliography of the PDI

The early idea of a pronunciation-difficulty assignment algorithm germinated during my research for the 1996 English phonetics for Poles.  In Appendix 9 of the book I presented a list of "Words commonly mispronounced" (which, nota bene, remains to this day one of the most heavily used parts of the textbook).  The list, which counted 667 words, was compiled entirely intuitively, but alerted me to the fact that the noticed lexico-phonetic hard nuts could to some extent be predicted by rule, and as such – captured by a (computer-based) algorithm from electronic word-lists and dictionaries.  This was a natural enough realization in a research context in which I operated with such electronic resources to prepare dozens of pronunciation panels illustrating the textbook.  Incidentally, as it turned out later, the commonly mispronounced words in my original list had a mean PDI significantly higher (t-test reaching 5.71) than other words in the English lexicon (see below for details of one such word-list).

Somewhat independently, in a series of phono-lexicographic contributions, starting with the 1994 paper and culminating in my 1999 book (but still continuing; see http://elex.amu.edu.pl/ ~sobkow/public.htm for bibliographical details and abstracts), I developed and applied the PDI in a variety of projects.

In my 1998 paper, in which I speculated on whether and how "EFL MRDs [Machine-Readable Dictionaries] can teach pronunciation", I envisaged the role of the PDI as follows:

"A phonetic difficulty rating tagged on each MRD entry would allow the exercise module algorithms to weigh the entries so that the more difficult are used more frequently, for example.  Such rating can be produced semi-automatically, given the known rule-governed phonetic problems of Polish learners of English" (Sobkowiak 1998:274).

In my 1999 book on Pronunciation in EFL MRDs, I devoted an 8-page-long section III.1.3. to the PDI.  In it I presented the rationale and design of the index in detail, emphasizing: (a) the need for a phonetically graded EFL lexicographic resource, (b) its pedagogical (mainly lexicographic) applications, (c) the desirability of phonetic L1-sensitivity, and (d) the role of the phonetic evaluation of defining vocabularies.

This last thread was continued in my Euralex 2002 contribution (Sobkowiak & Kuczyński 2002), where I investigated the phonetic difficulty of defining vocabularies in two EFL dictionaries: LDOCE and CIDE, concluding that they "are, after all, significantly phonetically easier than the frequency-matched portions of the reference lexicon, here treated as chance level" (p. 498).

In 2000 I used the PDI to evaluate phonetic keywords in five EFL dictionaries, to find that they vary in PDI between 1.05 (Oxford; easiest) and 1.27 (Longman; hardest), with 1.10 being the mean PDI for English monosyllables at large.  As it turned out in my 2002 study, also some phonetic keyword wall charts contain words with rather high PDI's, such as 1.68.

In an empirical study of 208 English philology students, which I conducted in February 2000 (Sobkowiak, unpublished) I 'field-tested' my PDI, collecting their subjective phonetic difficulty ratings for 20 frequency- and PDI-stratified words.  These ratings turned out to correlate very highly with the PDI scores (r=0.684), thus lending empirical credibility to the otherwise intuitively conceived metric.

Continuing my Euralex thread of phonolexicographic papers, I recently submitted one on phonetically controlled dictionary definitions to its 11th congress to be held in France in July 2004.  In this contribution I used the PDI to investigate the phonetic difficulty of definitions (rather than only defining vocabulary) in the recently published Macmillan English Dictionary for Advanced Learners (MEDAL).

Finally, in the current Colorado Literacy Tutor joint project, which IFA UAM has undertaken together with the Colorado Center for Spoken Language Research, the PDI is being used to phonetically evaluate and grade sentences submitted to Polish learners of English for reading aloud in the process of training an EFL speech recognizer.

As can be seen from the above, the possible research into and practical applications of the PDI are quite varied.  Notice that they have all so far been designed by one person, the present author.  With proper publicity, the tool could be used by a wider community of researchers and teachers.  Part of the rationale for this paper comes from this consideration.  Further examples of potential uses of the PDI in phonetic research and practice will be presented in section 3.

2. The current structural implementation of the PDI

The PDI is currently implemented as a fairly simple dBase III+ program operating on its proprietary (but widely recognized) dbf file format.  To provide the reader with a taste of the algorithm encoding, the following (Figure 1) is an excerpt assigning one PDI point to disyllables in which an alveolar nasal occurs between certain vowels and a consonant, creating a context inviting excessive vowel nasalization in Polish English, e.g.: against, answer, concerned, defence, difference, evidence, performance, response, (only /s/ is exemplified here in the consonant slot; most frequent words were selected).

Figure 1. An excerpt from the PDI dBase III+ algorithm


The algorithm was run over the Oxford Advanced Learner's Dictionary of Current English (OALDCE) word-list (see Mitton 1986 and 1992), which was one of the first such lists to be offered freely in the public domain.  It generated the PDI range between 0 and 10, with a mean of 2.24, and standard deviation 1.5.  Over the last ten years I have in many ways supplemented and improved the OALDCE list for my own purposes, e.g. by adding American English pronunciation, frequency information, syllable templates, Polglish simplified transcription, and of course the PD index.  The list currently counts 85430 (unlemmatised) records and 25264 lemmas.  With all these enhancements the list was used to construct the prototype of the Phonetic Access Dictionary (PAD), conceived in 1994, implemented under Windows and presented to the public at the Euralex conference (Sobkowiak 1996a).  The PDI was used in PAD in two capacities: first – for information in the "Phonetic Window" (Figure 2), second – for querying through the SQL interface (Figure 3).

Figure 2. Phonetic window in PAD: absorb



This is how the rules used in the PDI algorithm applied to assign the 4 points which absorb scored on the scale of difficulty: (1) absorb contains a schwa, (2) it ends in a voiced obstruent, (3) it has a lenis obstruent before /s/ and (4) it differs significantly between British and American pronunciation (/r/-full spelling pronunciation for Polglish RP speakers).  Thus, a prototypical beginning-to-pre-intermediate Polglish mispronunciation might be: /apsorp/.

Figure 3. SQL query in PAD: phonetically difficult nouns
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A query for phonetically difficult nouns illustrated in Figure 3 yields five lemmas: authoritarianism, baccalaureate, entourage, theologian, undergraduate.

As was mentioned in the Introduction, the PDI algorithm assigns scores collected from three basic areas of EFL phonetic difficulty: grapho-phonemic correspondences, L1-interference and L2-interference.  As far as phonetic interference from Polish is concerned, certainly the richest source of pronunciation difficulty, the algorithm counts one point each for:

· the three centring diphthongs,

· the mid central lax vowels,

· the velar nasal,

· the word-final voiced obstruents,

· the /‑VnC-/ sequence (prone to end up as /V~ C/ in Polglish),

· the sequence /s/+voiced obstruent and vice versa (prone to voice levelling),

· secondary stress (which is often ignored in Polglish),

· compounds (stress-wise difficult),

· and two points each for the interdentals.

The problems due to internal L2 phonetic interference and difficulty scored by the algorithm are:

· the /ei/ and /Wu/ diphthongs before heavy consonantal clusters (commonly monophthongized in Polglish), 

· heavy consonantal word-final clusters, such as /(((/ or /(((/,

· word length greater than five syllables,

· difference between American and British pronunciation.

Finally, the problems in one way or another motivated by spelling and scored by the algorithm are:

· grapho-phonemically troublesome spellings, like <ur>, <our>, <ou>, <ow> (two points each) or <ei>, <eo>, <au>, <aw> (one point each),

· word-final <-mb>, <-mn>, <-gh>, <-ght>, <-ey> and word-initial <ps->, <mn->,

· word-final <-age>, <-able> and <-ative> in polysyllables, word-final <-ate> in nouns or adjectives,

· linking <-r>.

This is of course only a small selection of pronunciation problems facing a Polglish learner. Notice that only phonemic substitutions, deletions and insertions were accounted for in the algorithm, with allophonic problems left out. Thus, there is no score for aspiration, for example, which is expectedly one of the main allophonic troublemakers in Polglish phonetics. Lateral velarisation, vowel length/timbre variation or palato-alveolar articulations are other examples of error-prone areas which are not accounted for.  Likewise, no fast-speech phenomena, such as vocalic reductions and losses, cluster simplifications, stress switches, consonantal assimilations and coalescence are scored, mainly because of the assumed slow/careful speech style in this EFL-oriented PDI.  Finally, there are other items bearing on the perceived phonetic difficulty of English words which are excluded from the index: false friends, loan-words, uncommon stress patterns, etc.  All these problems will be gradually considered and entered into the index algorithm in future revisions of the PDI.

3. The existing and potential functional applications of PDI

As summarized above, PDI has been applied in a variety of functions: (a) in electronic dictionaries to inform of, and query for, words of a given difficulty level, (b) in phonolexicographic projects to measure and evaluate phonetic difficulty of selected items (defining vocabularies, definitions, phonetic keywords, and the like), (c) in psycholinguistic experimentation to categorize lexical items for tests of subjective EFL difficulty evaluation, (d) in a Natural Language Programming (NLP) project to select and stratify English sentences used for training Automatic Speech Recognition (ASR) engines.

There are of course countless other potential applications, with only the researcher's ingenuity being the limit.  In my 1999 book I speculated about some innovative uses of the PDI in electronic dictionaries for EFL learners.  The following quotes come from pages 215-216 of the PDI section of chapter 3 of the book.

"The difficulty index can be used in a number of ways in the actual word searches and queries. First, it can caution the user as to the high phonetic difficulty of the word currently displayed, which piece of information can then be used in a variety of ways (practice, further lookup, exercises)". [...] "Second, the index can be used in direct interactive queries of the type: 'Which words of this or that semantic/morphological category are particularly difficult phonetically?', or 'Give me the phonetically difficult words of the first 1000 (spoken) frequency rank' ". [...]  "Third, because the index in its full version will contain information about the exact nature of the phonetic difficulty involved, it will allow the user to investigate it directly through listing words with this same difficulty".  [...] "Fourth, the index can be used in the semi-automatic construction of pronunciation exercises, which can thus be made sensitive to the inherent phonetic difficulty of the lexical items drawn from the database".

I further developed the third and fourth thread of the above ideas in the chapter (pp. 251-257) devoted to the exercise module in electronic EFL dictionaries in general, and in PAD in particular, saying that (p. 254-5):  "For instance, if the difficulty index contains, on top of the global numerical measure, a code of the actual phonetic difficulty/ies present in the wordform (which is a trivially easy addition to the present version of PAD), it will allow the user to investigate it directly through listing words with this same difficulty present, for example: 'If radio, which I am now having on screen is pronunciation-wise difficult for Poles because they tend to reduce the second-syllable vowel to a glide /j/ and the whole word to a bisyllable, give me more words with this phonetic problem in them'. An exemplary answer to such a query (listed in the order of frequency): ratio, enthusiasm, polio, rodeo, appreciate, studio, embryo, associate, foliage, radiate, abbreviate, negotiate, affiliated, cardiac, patriarch, caviar, grandiose, cameo, enunciate, portfolio, alleviate, excruciating, retaliate, video, dissociate, kiosk, mediate, conciliate, croupier, curio, deviate, dossier, emaciated, folio, gladiator, humiliate, infuriate, matriarch, permeate, pistachio, stereo.  This same information can then be used in generating exercises of the type: 'Which of these words are like radio in that...' (multiple choice), or 'Which pronunciation of radiate is correct...?' (binary choice; with text-to-speech synthesised bisyllabic Polglish-like pronunciation"; see Sobkowiak 2003 for further discussion of TTS synthesis in the EFL context).

Of course, electronic lexicography applications of the PDI presented above do not exhaust the functional potential of the index.  Further PDI scoring criteria could be added in the following EFL-related categories:

· phonetic criteria: sub- and supra-segmental difficulty (e.g. allophonic problems, clustering, sandhi),

· para-phonetic criteria, e.g. different types of lexical frequency, phonostylistic and dialectal values,

· user criteria: learner's (e.g. cognitive style, 'phonematic ear', overall proficiency and skill level), teacher's (e.g. methods and techniques of teaching pronunciation), materials developer's (e.g. course book or test design, graded reader development, exam specifications),

· task criteria (e.g. productive vs. receptive, spoken vs. written, EFL-component focus, amount of CALL enhancement).

Full customisation would allow user control over all these criteria, both in terms of their scope and depth.  For example, if the allophonic PDI component is switched on, and aspiration is activated, how sensitive should PDI scoring be to the varying (rule-governed) values of VOT in different segmental contexts?  Or, in scoring the phonetic difficulty of English pre-nasal vowels to Polglish learners, how deep should the algorithm go in the relative assessment of the effect of (a) vowel quality, (b) vowel quantity, (c) segmental context, (d) suprasegmental context, and other possible factors?  The assumption is, of course, that for the user of the PDI to be able to control the tool at this level of subtlety, its designer must have first programmed in what amounts to a full expert database of (articulatory) EFL phonetics for Polish learners.  Needless to say, no computer application even remotely approaching this ideal currently exists.

Outside of the narrowly defined EFL arena, the potential of the PDI appears to be the greatest in (a) phonetics and phonology, (b) (meta)lexicography and lexicology, (c) lexical psycholinguistics, (d) contrastive and corpus linguistics, (e) natural language programming, especially automatic speech recognition (ASR), speech synthesis (TTS), and their applications in machine translation (MT), robotics, data mining, abstracting, and the like.  I will abstain here from speculating about the possible uses and applications of the PDI in these and other feasible research areas, leaving this task to willing and competent readers.

4. Conclusions

The PDI was originally conceived of as part of PAD, the Phonetic Access Dictionary, and it is only natural that it still shows a heavy lexicographic bias in its structural and functional design.  I suspect that the present exposition of the PDI tool may have likewise suffered from this narrow conceptual focus.  One reason for offering it for general discussion in a conference devoted to teaching and learning pronunciation/phonetics of foreign languages in Poland, i.e. in a thoroughly non-lexicographic context, is to widen this focus by getting feedback from researchers and teachers actively engaged in both theorising and practising pronunciation pedagogy.  I am certain that with this feedback new potential functionalities and applications of the PDI will come to view.
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if 'n'$temp2 .and. temp2#'n'


diff=diff+iif(substr(temp2,at('n',temp2)-1,1)$'@eVA0' .and. substr(temp2,at('n',temp2)+1,1)$cons .and. syllno>1,1,0)


endif
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