A Practical Analysis of Phonetics-Phonology Interface in Fulfulde: The Case of Adamawa Dialect
Abstract

Phonetics and phonology are two separate modules and mapping of a phonetic representation onto a phonological one is referred to as interface. Therefore, this paper aims at studying the mechanism by which the two modules meet or interact. In our own case here the question for the phonetics‐phonology interface is how these two types of representations can be connected: The study employs observation and experimental methods using Praat (softwire) in the collection and analysis of data. It is discovered that phonetics interfaces with phonology in three ways. The phenomenon was practically analysed through obstruent devoicing process which is phonological and it was proved that there are acoustic differences between the devoiced obstruent and underlyingly voiceless obstruents, and so, it must be assigned to phonetics. It also reveals that phonetics and phonology interface through perception which play important role in the identification of the features and processes of the two modules as well as the phonologically motivated perceptions of phonetic properties by speakers of a particular variety or language.
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1.
Introduction

Phonetics and phonology are the most common concepts often treated together. There are so many books that deal with phonetics and phonology of a particular language. For instance, An Outline of English Phonetics-Phonology by Daniel Jones, (1972) and English Phonetics and Phonology by Peter Roach, (2007). Many scholars hold the view that phonetics and phonology are two separate modules, and therefore, there will be no way to derive phonetic events from phonological representations, because according to them, descriptions of phonological patterns in languages involve features that are not in a one-to-one relationship with phonetic parameters. 

However, some scholars agree with the view that phonetics and phonology are two separate modules, but according to them the mapping of a phonetic representation onto a phonological one is the interface. Therefore, the question of phonetics-phonology interface seems to be very controversial.

So, this paper holds the latter view, that there is interface between phonetics and phonology, because of the fact that phonological observations can be explain phonetically and two languages can have exactly the same inventory of phonetic sounds but significantly different phonological system (see Hamann, 2011 and Hyman, 1975). 


According to Kingston, (2005), Phonetics interfaces with phonology in three ways. First, phonetics defines distinctive features. Second, phonetics explains many phonological patterns and finally, phonetics implements phonological representations. Hamann, (2011) mentions the same three concepts as recurrent topics about phonetics-phonology interface found in the literature. So, our discussion will also centre on them drawing illustrious examples from the local languages.

2.
An Overview of the Term Interface

An interface is defined by (Ohala, 2003:277) as �The site where or the mechanism by which two largely independent mechanisms meet, interact, exchange substances or information.” He explains further that the term implies two fundamentally autonomous mechanisms that either function in a different way or produce different kinds of information, and according to him, typical examples of interface include; a computer-printer interface, or the interface between a living cell and its environment. The necessity of interface is based on the reasons that the elements of a phonological representation is discrete while the continuous nature of the speech is phonetic. Therefore, the units and representations at the phonological and phonetic level are so different (see Ohala, 2003). In the same vein Hamann, (2011:1) suggests that:

To define the interface of phonetics and phonology, we first have to establish the topics of the two linguistic disciplines that are involved. While phonology deals with abstract, discrete categories encoding language-specific differences in meaning, phonetics is concerned with gradient, continuous, physical representations encoding articulatory and auditory details. 
2.1
Phonetics-Phonology Interface (PPI)

 
Though phonetics and phonology are considered as two different modules in linguistics they are very closely related, because both of them deal with speech sounds. However, scholars have different views or perceptions pertaining to the limitation of each of them in dealing with speech sounds. Some linguists see no difference between the two, while others try to separate them. Therefore, the question of phonetics-phonology interface seems to be very controversial.  That is why Ohala, (2003) suggests three approaches to the issue of Phonetics-Phonology Interface, i.e., abandoning it, getting on with the job and reducing the mismatch at the PPI. 
3. 
The Position of this Paper on the Phenomenon
Though this paper, to some extent, tries to review different views of scholars about the issue of PPI generally, its aim is not to argue on whether there is interface or not but to look at the sites or the mechanism by which the two aspects meet or interact. In our own case here the question for the phonetics‐phonology interface is how these two types of representations can be connected: How can discrete, abstract categories (phonology) be mapped onto gradient, continuous, physical representations (phonetic parameters) and vice versa? How are phonological structures that only exist in our brain converted into something in the real world? (See Hamann, 2011). In the course of presentation in this paper, interface will be discussed under three phonetic and phonological concepts, i.e., the features, processes and perception.   

4.
Interaction of Phonetic and Phonological features

Hamann, (2011, p. 3) defines phonological features as “the smallest units in phonology (next to moras with their comparative restricted use).� He said that the features have direct correlates in articulation, acoustics or audition which very often, seem to be a phonetic characteristic. Let us consider the following examples in Fulfulde. 

2. (a) pullo
/pʊl:ɔ/

‘Fulani’

    (b) gorko 
/ɡɔrkɔ/ 
‘man’ 

    (c) korɗo
/kɔrɗɔ/ 
‘slave (female)’ 

    (d) ɓanndu
/ɓanndu/
‘body’

The initial consonants of the above words, i.e., /p/, and /ɓ/ are [labial] while /k/ and /ɡ/ are [velar]. The features are phonetic while the segments, i.e., the phonemes are phonological categories articulated with the lips or velar, as the case may be. Therefore, features can be considered the interface between phonetics and phonology, because they connect a phonological category i.e., the segments /p/, /ɓ/, /k/ and /ɡ/ for instance with the phonetic realisations, i.e., their articulation, their perception, or their acoustic form. Kingston, (2007, p. 103) explains this further: 

In Articulatory Phonology, an utterance is represented as a collection of gestures. Gestures specify that the vocal tract be constricted at a particular location to a particular degree for a particular interval of time. As such, a gesture specifies the speaker�s goal in the time interval during which the gesture is active, and this specification evokes the coordinated action of the various articulators whose movements achieve that goal. 

For instance, this can be illustrated using the Fulfulde data bellow;

3. (a) baatal

/ba:tal/ 
‘needle’

(b)
pullo 

/pul:ɔ/  
‘a Fulani’

(c)
mettellu
/mɛt:ɛl:ʊ/
‘ant’

In uttering each of these words, the above description of the specification of the gestures by (Kingston, 2007) applies. So, the segments uttered are phonological, because for instance, in the word /ba:tal/ all the phonemes are abstract and discrete categories encoding language‐specific differences in meaning, while the phonetics aspect of it is concerned with the gradient, continuous, physical representations encoding the articulatory and auditory details (see Hamann, 2011). The two types of representations are connected in the production of the phonemes, and this mechanism indicates the phonetics-phonology interface. 

In his discussion of language acquisition by children, (Hyman, 1975) proves that there is phonetics-phonology interaction, for the fact that some phonemes are substituted based on the phonological rule of the child which may merge e.g.; /r/ with /w/, in English, e.g.; wabbit instead of rabbit, and wight instead of right. Many words are pronounced as such but the child keeps track of which words with [w] have a phonological /r/ and which have a phonological /w/. This is evident with many children acquiring their first languages. For instance, I also have a child of four years who in the process of acquiring Fulfulde as her first language, pronounces /k/ as [p] and /r/ as [l], for the fact that, words such as haako /ha:kɔ/ ‘soup’ is pronounced haapo [ha:pɔ]  and roondi /rɔ:ndɪ/ ‘carried’ is pronounced loondi [lɔ:ndɪ], and she does not accept such pronunciation from an adult. So, it is observed that, at the phonetic level, these sounds are pronounced as [p] and [l] respectively, but at the phonological level of representation, the sounds /p/ and /l/ in haapo and loondi are pronounced with /k/ and /r/ respectively. Usually, the children give up such temporary rules as they grow older.  
  4.1
Interaction of Phonetic and phonological processes
Some phonological processes are said to be phonetically grounded. Many scholars hold the view that there is phonetics-phonology interface because of the fact that phonological observations can be explain phonetically since many unrelated languages often show similar phonological behaviour due to phonetics (see Hamann, 2011). 

Word-final obstruent devoicing, i.e.; obstruents that change their specification from [+voice] to [-voice] in word-final position resulting in neutralisation between voiced and voiceless obstruents in this position has been traditionally considered a phonological process. This is common in languages such as Dutch, Russian, Turkish, etc. However, this process of devoicing is proved to be incomplete by recent findings, that there are small acoustic differences between devoiced and underlyingly voiceless obstruents, and that an incomplete neutralisation cannot be part of phonology but must be assigned to phonetics, hence, they interface (see Schane, 1973, Rice, 2007 & Hamann, 2011). 

Though there is no word-final obstruent devoicing in Fulfulde, there are similar cases where [+voice] obstruent becomes [-voice] as a matter of assimilation by the adjacent [-voice] segment. E.g.; the form wooɗ ‘to be good’ or ‘to be beautiful/handsome’ is a verb root to which nominal suffixes such as -ɗo, ɓe, (personal) ka, ki, ndu, ɗe, etc.(non-personal) can be attached to derive different adjectives. More often than not, the initial consonants
 of the nominal suffixes assimilate the final consonant (coda) of the root. Here, both voicing assimilation and devoicing are common in Fulfulde. E.g.  
4. (a) mbooɗ+ka > mbooɗka > mbootka  ‘good’ (e.g. farm)

(b)  ngoɗ+ko > ngoɗko > ngotko ‘others’ (augmentative) 

In the examples above, the consonants of the suffixes (ka) and (ko) in the words mbootka and ngotko seems to have assimilated the final consonant /ɗ/ (coda) of the roots mbooɗ and ngoɗ respectively. Though they are spelled or written as mbooɗka, and ngoɗko, the coda (/ɗ/) of the roots mbooɗ and ngoɗ seems to be devoiced in the spoken context. 

Therefore, the assimilation of the /ɗ/ sound by the /k/ sound of the nominal suffixes /ka/ proves that there are acoustic differences between the devoiced obstruent and underlyingly voiceless obstruents, and so, must be assigned to phonetics. It has been practically proven that the devoiced /ɗ/ sound is not completely devoiced in such a way that it can sound as a voiceless alveolar stop [t] to share similar features as the voiceless velar stop [k], but it is a kind of devoiced [ɗ̥] which sounds different from both the voiceless alveolar stop [t] and the alveolar implosive [ɗ]. The diagram below shows the sound wave of the two words above as they were analysed with praat.
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Fig. 1. Sound wave of booɗɗo and mbooɗka.

With the use of Praat the two words were analysed further to find out the difference between the underlyingly voiced [ɗ] and the devoiced [ɗ̥]. The phoneme /ɗ/ was used in two different contexts and the sound was played in each context and it sounds differently in each context. Though it sounds devoiced before [-voice], i.e., /ɗ/    [ɗ̥]  _ [-voice],  it proves that it has not become completely a voiceless sound, therefore it is symbolised [ɗ̥] as it appears in the diagram below. The empty column between the two words prove to be interval (empty space) between the two analysed words, because no clear sounds was heard when the point was clicked.
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         Fig. 2. Sound wave and Text Grid of the devoiced obstruent /ɗ̥/ in context
Another aspect of the processes is that phonology of one language can determine representation of a particular sound in it which can be different from its representation in another language. 

4.2
Perception in Loanword Adaptation


Hamann (2011) argues that the formalisation of perception as interaction of cue and structural constraints accounts for the fact that loanword adaptation via perception often yields other outputs than we would expect based on native phonological processes. According to him, in the production direction, the use of cue constraints can explain why phonological surface structures can influence the phonetic realisations, as we can see in the subsequent examples

4.2.1
Phonology of Loanwords is Phonetically Motivated 

Most of the sound changes languages undergo are said to be phonetically motivated, because how that sound is transmitted to the listener, or how the listener perceives that sound eventually leads to that sound being phonologically different at some later time in its history than it was at some earlier time, because how the speaker pronounces the sound changes, and it is phonetic variation that makes the pronunciation, transmission, or perception of the sound to change (see Kingston, 2007).

There are so many sounds of languages that proved to be difficult to produce by native speakers of other languages as proved by Dunstan, (1969). According to Arnott, (1969) some English fricatives and some vowels were identified to be difficult to produce by many Fulɓe learning English. E.g.; /ð/, /θ/, /z/, /ʒ/ and /ə/, /ᴂ/, /ə:/. Because these sounds are not part of the phoneme inventory of Fulfulde, they are perceived wrongly, and in an attempt to produce them the speaker produces similar sounds within the range of the phonology of his language. For instance, /ð/, may be pronounced as /d/, and /θ/ may be pronounced as /t/. Both /z/ and /ʒ/ are perceived as /ʤ/. Let us consider the following examples.
7. (a) /ð/ > [d]
 
this
/ðɪs/
 > [dɪs]

    (b) /θ/ > [t]
 
thin 
/θɪn/
 > [tɪn]

    (c) /z/ > [ʤ]
 
zoo 
/zu:/  
 > [ʤu:]

    (d) /ʒ/ > [ʤ] 
leisure /leɪʒə/
 > [le:ʤa]

In the case of English vowels, /ə/, /ə:/ and /ᴂ/ are not perceived correctly. /ə/ is perceived as /a/, /ə:/ as [a:] and /ᴂ/ may be either perceived as [a] or [e]. e.g.;

8. (a) /ə/ > [a]

fast
/fəst/
> [fast]


    (b) /ə:/ > [a:] 
first 
/fə:st/
> [fa:st]


    (c) /ᴂ/ > [a] 
bad
/bᴂd/
> [bad]

Different languages have different phonologies and this fact is illustrated in the adaptation of loanwords where the phonology of the borrowing language applies to the loanwords and in this process, speakers interpret the pronunciation of the words of the foreign language in terms of the phonological elements of their own language (see Gussenhoven, & Jacobs, 2017). The phonology of the speaker�s native language determines perception of the foreign sound by the native speaker as we have seen in the examples above. This is proved further in the Fulɓe difficulties of the pronunciation of the Hausa sounds illustrated by Abubakar (1991). So, this explains how the Fulɓe perceive the Hausa (foreign) sounds which have some phonetic features different from those that are common in Fulfulde. They include: /z/, /ϕ/, /k’/, /ts/, /ɽ/, /ϕj/, /kj/, /ƙj/, /kw/, /ƙw/, /gj/ and /gw/. All these sounds may be perceived differently by the Fulɓe learning Hausa because they are not part of the Fulfulde phoneme system. For instance;

         Sounds 
 Words
Hausa

Fulfulde
gloss

9. (a) /z/, > [ʤ]  zamba 
/zamba:/
[ʤammba]
‘cheating’

    (b) /ϕ/ > [f]
   fitila

/ϕitila/

[fɪtɪla]

‘lamp’

    (c) /ƙ’/ > [ƙ’] ƙato

/ƙ’a:to:/ 
[ƙa:tɔ:]

‘big’

    (d) /ts/ > [s]  tsamiya
/ʦ’a:mija:/
[sa:mɪja:]
‘tamarind’

 
    (e) /ɽ/  > [r]
 kwarto
/kwaɽto:/ 
[kɔrtɔ]             ‘adulterer’           

                (f) /ϕj/ > [f]
fyace

/ϕjaʧe/

[fe:ʧe]

‘blow’
 

Phonetic variation such as co-articulation, transmission background and perceptual effects are the materials needed to initiate and eventually complete the sound change in such cases (see Kingston, 2007). 

4.2.2
Perception of Tone by the Fulfulde Speakers 
Tones and stress are both characterised by the pitch (Jones, 1972). Tones are the pitch variations that affect the meaning (Ladefoged and Johnson, 2011). However, tone is said to be segmental while stress is culminative
 (Hyman, 1975). A language can either be a tone or stress language. For instance, Fulfulde is a stress language and the stress in the language is grammatical. Though stress placement in Fulfulde is not as dynamic as in English, the placement of stress is not predictable, but there are few rules for predicting Fulfulde stress. The stress placement determining factors in languages with predictable stress include grammatical factors such as word boundary (# #) e.g.; the first syllable, as in Czech and Slovak and the phonological factors such as the nature of syllable, e.g.; a heavy syllable. 


Pitch is the most important phonetic signal of stress, and the most important cue of tone as well (see, Jones, 1972 & Hyman, 1975). According to (Hyman, 1975:213) �A tone language is a language in which both pitch phonemes and segment phonemes enter into the composition of at least some morphemes.� So, when a word is borrowed from a tonal language into a stress language, the tones are translated into stress. This is also a case of perception. Though both tone and stress are characterised by the pitch, the stress language speakers hardly distinguish tone which is segmental from stress which is culminative, due to their phonological background. Let us consider the following Fulfulde words which are adapted from Kanuri.


10. (a) báno 

'baano(wo)
‘hoe’


      (b) bálté

'balte

‘morning (after sunrise)’


      (c) baríya

'bariya

‘warning’


      (d) bútu

'buutu

‘cheap’
 

Let us look at the Fulfulde word 'baano(wo) ‘hoe’ which is a borrowed word from Kanuri báno. The differences between the two words, i.e., the original word and the adapted word are stress and tone respectively, both of which are not independent of pitch. The diagram below shows the pitch contour of the two words. The first word is the Kanuri word báno and the second word is the Fulfulde word 'baano. Both the high tone of the Kanuri word and the stressed syllable of the Fulfulde word are marked by high pitch. 
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Fig. 3. The Pitch contour of báno and 'baano 
The syllables of the borrowed words are marked in accordance with the Fulfulde phonology. In most cases, the high tone of the first syllable translates into the length of the affected vowels in the target language. However, high tone is not always translated into a stressed syllable, because trisyllabic or polysyllabic words have their own rules of stress assignment irrespective of the type of tones of the borrowed words (see Abubakar, 1991). Both the high tone of the Kanuri word báno and the stress of the Fulfulde word 'baano have similar pitch contours as we can see in the diagram above. The diagram below contains the summary of the analysis of the two words as discussed above.
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Fig. 4. The practical analysis of the two words: (báno and ʹbaano)
This diagram indicates the sound wave, the spectrum, the pitch contour and the intensity of each of the two words, i.e.; the Kanuri báno and the Fulfulde ʹbaano. Though the two words have almost the same height of the pitch, the stressed syllable of the Fulfulde word has a higher intensity than that of the high tone syllable of the Kanuri word, and even the spectrum shows that the stressed syllable is darker than the high tone. However, the experiment was repeated several times using the same version of Praat on different computers, and it proves that the intensity is a bit dynamic with insignificant difference. Sometimes the intensity of the Kanuri word is higher than that of the Fulfulde word, and vice-versa. The intensity contour is thinner than the pitch contour. In terms of colour, the pitch contour is blue and the intensity contour is yellow. The duration of each word and the total duration of both words are also indicated at the bottom part of the diagrams. 
5.
Conclusion

Different proposals about phonetics-phonology interface have been discussed to clarify the background about this phenomenon. Many of these proposals argue that phonetics and phonology are two separate modules, and the mapping of a phonetic representation onto a phonological one is the interface. So, in this paper, an attempt has been made to discuss with evidence the support of the view that phonetics and phonology are two different modules that have to interact whenever it comes to the practical operation of speech sounds in any particular language. This phenomenon is discussed under phonetic and phonological features, processes and perception, all of which, but not only, play important role in the identification of the features and processes of the two modules as well as the phonologically motivated perceptions of phonetic properties by speakers of Fulfulde.

The paper has attempted to explain with examples the correlation between phonetic and phonological features through articulation, acoustics or audition. The analysis also involved phonetic co-articulation and phonological assimilation processes, because both involve the change of one segment caused by an adjacent segment; in the phonetic case the change is said to be gradual, and in phonological case it is discrete. In some languages, these processes operate on the word-final obstruent devoicing. Similarly, in Fulfulde, there are cases where [+voice] obstruent becomes [-voice] as a matter of assimilation by the adjacent [-voice] segment, which practically seems to be less voiceless than the underlyingly voiceless obstruent. It is also proved that the phonology of the Fulfulde speakers determines perception of the foreign sounds as we have seen in some of the data from the language which are drawn either from English, Hausa and Kanuri loanwords that are nativised or are pronounced from the native phonological perception. 

� For comprehensive discussion of initial consonant alternation (ICA) in Fulfulde, see (Stennes, 1967, Arnott, 1970, Abba, 1991, Ka, 1991 & Bello, 2016)


� For more explanation on tone and stress system read (Ladefoged, 1971, 2004 and 2011, Jones, 1972, Hyman, 1975, Lass, 1984, Roach, 2007 & 2009, and Collins and Mees, 2003), and for more on Fulfulde stress system see (Stennes, 1967, Dunstan, 1969 and Girei, 2003).
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