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QUESTIONS FOR YOU
(& OUR ITINERARY)

1. How do you define phonetics and phonology?

2. What is the relationship between the two for you?

3. Is it important to distinguish phonetics and phonology?

4. There are gradient and categorical phenomena pertaining to language sounds.
• How do we establish which of the two we are dealing with?

5. Your (fun) phon-issues & a somewhat open-ended problem solving exercise
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WHAT IS PHONETICS?

SPEECH

encompasses any uttered sound in communication processes 

PHONETICS

studies the production
 articulation of sounds (articulatory phonetics, including aerodynamics)
 acoustics of sounds (acoustic phonetics)
à the physics of speech

studies the perception of speech
 perception of sounds (auditory phonetics)
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WHAT IS PHONOLOGY?
PHONOLOGY

studies abstract categories related to sounds

phonemes, phonotactics

PHONEME à phonemic

contrastive sound units of language

English cat vs mat vs pat

/k/ and /m/ and /p/ are three different contrastive units (=phonemes)
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WHAT IS PHONOLOGY
PHONOTACTICS

sequences of sounds that are allowed in a language

English speak /sp/ occurs at the beginning of a syllable

English button /tn/ can function as a syllable

Czech pštros /pʃtɾ/ occurs at the beginning of a syllable (not in English)

Czech mrk /mrk/ can function as a syllable (not in English)

these language-dependent differences in phonotactics have nothing to do with physiological differences of the 
speakers

but with more abstract phonological patterns

Wakowlk – Vlastní dílo, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=35210538

Lštěň
/lʃceɲ/
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CLINICAL EXAMPLE 1 (BAUMAN-WAENGLER 2000: 10)

PHONETIC OR PHONOLOGICAL DISORDER?

Sandy, 6-year old child, English

misarticulated /s/ and /z/ in all instances

she could tell that she mispronounced these, i.e. that her “s” and “z” differed from the norm 
production of /s/ vs /z/

no other sounds were mispronounced

language skills within normal limits
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CLINICAL EXAMPLE 1 (BAUMAN-WAENGLER 2000: 10)

PHONETIC OR PHONOLOGICAL DISORDER?

Sandy, 6-year old child, English

misarticulated /s/ and /z/ in all instances

she could tell that she mispronounced these, i.e. that her “s” and “z” differed from the norm 
production of /s/ vs /z/

no other sounds were mispronounced

language skills within normal limits

- she can perceive the contrast
- difficulties with the actual production level
- not with the understanding of the phoneme functions of /s/ vs /z/

- à phonetic disorder
- not a phonological one
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CLINICAL EXAMPLE 2 (BAUMAN-WAENGLER 2000: 10)

PHONETIC OR PHONOLOGICAL DISORDER?

Travis, 6-year old child

deleted /s/ at the end of a syllable (e.g. hiss, works)

/s/ is pronounced as [ʃ] at the beginning of a syllable (e.g. sin)

Travis is capable of producing [s] in other contexts, namely instead of [f] for /f/ (e.g. fin)

Travis cannot tell the difference between /s/ and /ʃ/
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CLINICAL EXAMPLE 2 (BAUMAN-WAENGLER 2000: 10)

PHONETIC OR PHONOLOGICAL DISORDER?

Travis, 6-year old child

deleted /s/ at the end of a syllable (e.g. hiss, works)

/s/ is pronounced as [ʃ] at the beginning of a syllable (e.g. sin)

Travis is capable of producing [s] in other contexts, namely instead of [f] for /f/ (e.g. fin)

Travis cannot tell the difference between /s/ and /ʃ/

- he can’t perceive the contrast
- doesn’t have difficulties with the actual production level ([s] instead of [f])
- problems with the understanding of the phoneme functions of /s/ vs /z/
- problems with the phonotactics of /s/

- à phonological disorder (phonotactics, not distinguishing a contrast produced by 
others)

- could be speaker-specific implementation, in which case the contrast would be 
distinguished, but rather differently à still phonology?

- but it necessarily affects also the phonetic realisation of the phonemes (their 
implementation)
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PHONETICS VS PHONOLOGY

Ohala (1990: 41; in Strycharczuk 2012)
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PHONETICS VS PHONOLOGY

Scobbie (2005: 6)

Phonetics = “the cognitive (or social?)”

= “physiological, kinematic, aerodynamic, acoustic”

Phonology = “psychological, signifying, algebraic”

The cognitive needs to be realised when we speak à phonetic implementation

How does that happen? 
 phonetics-phonology interface (transduction), especially modular frameworks of phonology(/phonetics)
 or not, e.g. Exemplar Models approaches to phonology-phonetics
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PHONETICS VS PHONOLOGY

Why should they be seen as two separate/distinct?

o there are fewer phonological differences than phonetic ones Keating (1984)

o observably different Flemming (2001: 37)

o phonological processes = categorical
o phonetic processes = gradient
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PHONETICS VS PHONOLOGY:
GRADIENT AND CATEGORICAL PHENOMENA
Svantesson et al. (2005); Svantesson & Karlsson (2012), in Jatteau & Hejná (2016): 
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PHONETICS VS PHONOLOGY:
GRADIENT AND CATEGORICAL PHENOMENA
Jatteau & Hejná (2016): gradient dissimilation in Aberystwyth English 
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PHONETICS VS PHONOLOGY:
GRADIENT AND CATEGORICAL PHENOMENA
Jatteau & Hejná (2016): gradient dissimilation in Aberystwyth English 
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own?



UNIVERSAL
(AND NOT SO UNIVERSAL)

PHONETICS
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(SOME) PHONETICS IS UNIVERSAL

Females tend to have a higher f0 than males.

• but dialect/language specific differences documented (Simpson 2009: 625)

Post-aspiration tends to be longest further back in the vocal tract.

• but dialect/language specific differences documented (e.g. Cho & Ladefoged 1999)

Females are breathier than males.

• and yet it seems this claim is based only on 4 languages (see Hejná 2015)
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LANGUAGE-SPECIFIC PHONETICS

Language-specific phonetics is problematic for some theories of phonology:

o “If it is reasonable to say that “language-specific phonetic patterns exist”, 
then the cognitive system itself cannot by definition be free from phonetic 
detail” (Scobbie 2005: 8)

oConcreteness Problem

o “very low-level but language specific phonetic phenomena have no real 
home. They belong neither with universal phonetics nor high-level 
categorical phonology.” (Scobbie 2005: 15)
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WHAT IS THE PHONETICS-PHONOLOGY 
INTERFACE? AND (WHY) IS IT?

Is there a division between phonetics and phonology if there is language-specific phonetics?

Language-specific phonetics cannot be accounted for by physiological and other non-cognitive 
biases. 
 Should it be part of phonology?
 If so, how is it represented? (Where and how does it live in phonology)?

Opinions vary à see Scobbie 2005 in particular; also Hamman 2911
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ARCHITECTURE OF GRAMMAR

Cohn (1993: 44) 
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HOW MANY LEVELS?

EXAMPLE OF ASSIMILATION & DISSIMILATION
• dissimilation (e.g. L peregrinus > OF pelerin) à categorical (see Jatteau & Hejná 2016)
“This is not to say that only assimilation (but not coarticulation) us a part of the 
speaker’s grammar. Rather, coarticulation and assimilation apply at different levels of 
grammar.” (Strycharczuk 2012: 35)

(phonetics = phonetic grammar)
in Strycharczuk (2012: 35)
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WHAT IS THE PHONETICS-PHONOLOGY 
INTERFACE?

“it is ultimately just a label for the concept that phonological and phonetic representations translate 
systematically into one another in an integrated system, a notion that is difficult to dispense with once 
any kind of distinction is drawn between phonology and phonetics.” (Strycharczuk 2012: 41)

Phonology – primarily categorical phenomena

Phonetics – primarily gradient phenomena

- modular approach à they are distinct and therefore don’t overlap; interface is necessary

- exemplar approach à they present two ends of a continuum; not meaningful to discuss this in terms of 
overlap perhaps and therefore interface is not necessary

27Scobbie 2005



WHAT IS THE PHONETICS-PHONOLOGY 
INTERFACE?

two or three categories?

28Scobbie 2005



HOW DO WE DIAGNOSE 
WHAT’S PHONOLOGICAL?

“phonetics and phonology differ 
in some way”
(Strycharczuk 2012: 41)
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HOW TO DIAGNOSE WHAT’S PHONOLOGICAL?
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PHYSICAL AND COGNITIVE

Sound change from below: women tend to lead (Blaxter 2015; Eckert 2011; Labov 2001)

• why? Social pressures? 

Could there be a biological bias?

• prenatal hormone exposure affects gender ID (Auyeung et al. 2010; Hines et al. 2004; Pasterski et al. 2005)

• and social behaviors (Knickmeyer et al. 2005; Lutchmaya et al. 2010), including learning (Hines et al. 2016)

• AQ and speech perception (Yu 2010) 

(Hejná et al., in prep)
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MINIMAL PAIRS

Lexical distinction & phonological contrast:

“Two segments X and Y are contrastive when the substitution of X for Y in a given 
phonological environment causes a change in the lexical identity of the word they 
appear in.” (Hall 2009: 3)

English /t/ vs /d/: tick vs dick
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MORPHOLOGICALLY CONDITIONED

Example:

Scottish Vowel Length Rule – sensitive to morphological structure:

• tied [taˑed] (Aitken 1981 à Macafee 2015, revised)

• tide [təid] 

Controversial:

It is generally accepted that there is a phonology-morphology interface and that 
there is NOT a phonetics-morphology interface

However, see e.g. Kawahara (2010)
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ALLOPHONIC = PHONOLOGICAL?

If something is in an allophonic relationship, it is phonological:

Welsh VːC VCː (foot-final plosives)

“an allophonic relationship does not in any way define the allophonic relationship
itself to be either phonological or phonetic” (Scobbie 2005: 10)

“the panoply of systematic relationships in the sound system […] should
probably be assumed to be phonetic unless reasons are presented as to why they
achieve the status of phonological data.”
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MEANS TO DIAGNOSE CATEGORICITY
What is the statistical distribution of measurable properties of the signal?

• how many modes/distributions are we dealing with?

• presence of distinguishable modes implies presence of different phonological entitities

• extremely important to think hard about & control for confounding factors

Principal Component Analysis (PCA)

• e.g. Turton 2015; for dummies by Dallas https://georgemdallas.wordpress.com/2013/10/30/principal-
component-analysis-4-dummies-eigenvectors-eigenvalues-and-dimension-reduction/

Other tests more specific to the phenomena in question
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BIMODALITY TEST

Can be used to distinguish number of categories generally

• eye-balling

• eye-balling & Statistical confirmation (DipTest package in R)

flapped /t/’s and /d/’s in Kansas English (Herd et al. 2010)

• arbitrary decision to count duration of e.g. 40ms as instances of the flapped realisation
(1/2 of the usual durational value of the non-flapped variant)

• Herd et al. eyeball the duration of all their /t/ and /d/ realisations to see where to draw 
the line between the two categories

37



BIMODALITY TEST

Can be used to distinguish number of categories generally

• eye-balling

• eye-balling & Statistical confirmation (DipTest package in R)
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ACOUSTIC TOOLS
39



ACOUSTICS: PRE-ASPIRATION

Is pre-aspiration phonetic or phonological?

40

Hejná 2015

Is it governed by purely phonetic
factors, or also by phonological or
even morphological ones?

1. bimodality
2. phenomena specific reasoning
3. establishing correlates
4. establishing cues



ACOUSTICS: PRE-ASPIRATION
Shows bimodal distribution

o two categories (10 out of 12 females)

o one category (2 females, the youngest)

41

Hejná 2015



ACOUSTICS: PRE-ASPIRATION
Problem:

o bimodal distribution gone in the youngest 
speakers

o does that mean a phonologically conditioned 
process is becoming a phonetically conditioned 
one?
o not really attested…
o bimodality not a sufficient diagnostic in some cases? 

42
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ACOUSTICS: PRE-ASPIRATION
Conditioned by vowel height:

o the higher the vowel, the shorter the duration of pre-aspiration

o is this caused by phonological height or by phonetic height?

Conditioned by vowel length:

o long vowels associated with shorter duration of pre-aspiration

o is this caused by phonological vowel length or phonetic vowel duration?

o we know that phonologically long vowels are also phonetically longer than phonological 
short vowels

o CONFOUND  à high vowels are associated with shorter durations
43
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ACOUSTICS: PRE-ASPIRATION
Conditioned by vowel height:

o within each phoneme, the higher the vowel (the lower the F1), the shorter the pre-aspiration

o if not, then phonological (Hamman 2011: “An |a| is an /a/ is an [a] is an 🐛a🐛”)

Conditioned by length/duration:

o within V, or within Vː, the longer the vowel durationally, the longer the pre-aspiration

o if not, then phonological

44
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ACOUSTICS: PRE-ASPIRATION

45

Simplified analysis (see Hejná 2015 for the full details)



ACOUSTICS: PRE-ASPIRATION

46

Simplified analysis (see Hejná 2015 for the full details)



ACOUSTICS: PRE-ASPIRATION
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Simplified analysis (see Hejná 2015 for the full details)



ACOUSTICS: PRE-
ASPIRATION

48

Simplified 
analysis (see 
Hejná 2015 for 
the full details)



ACOUSTICS: PRE-ASPIRATION
One of the acoustic correlates of the fortis-lenis contrast in plosives:

49
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ACOUSTICS: 
PRE-ASPIRATION

One of the acoustic correlates of 
the fortis-lenis contrast in plosives:

50

Hejná 2016Examples of 
your own?



PERCEPTION: 
PRE-ASPIRATION

Acoustic differences may not always reflect perceptible differences (e.g. Herd et al. 2010)

Are all of the acoustic correlates also cues?

Is some of them stronger than the other? [Do speakers rely on one more than the others?]
 Does this vary depending on different speaking conditions and styles?

Some circular argumentation can also be found:

• pre-aspiration is an “audio-phonetic dinosaur” (Bladon 1986: 7) à why?

• because it’s rare, so it has to be 

• BUT see Clayton (2010) and also Hejná & Kimper (in prep)
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ARTICULATORY TOOLS
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NASAL AND ORAL AIRFLOW

accurate

nasal airflow excellent for changes including nasal sounds

oral airflow excellent for changes involving e.g. ejectives

not the most comfortable thing in the world

time-consuming

(https://phon.wordpress.ncsu.edu/lab-manual/airflow-and-pressure/)
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NASAL AND ORAL AIRFLOW

Phonological nasalisation:

o abrupt jump & plateau

o French

Phonetic nasalisation:

o gradient increase & no plateau

o English

Cohn (2007: 13)

54



STATIC PALATOGRAPHY
charcoal mixture applied to tongue

very cheap, but time consuming

not necessarily precise enough
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ELECTROPALATOGRAPHY

Zsiga (1994: 58)

very accurate

very expensive

(http://www.rose-medical.com/electropalatography.html)
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ARTICULATORY EVIDENCE:
EGG

 English palatalisation

o /t, d, s, z/ à /t͡ʃ, d͡ʒ, ʃ, ʒ/ before /j/

o habit/habitual, grade/gradual, confess/confession, please/pleasure à obligatory, lexical level

o hit you, made you, press your point, please yourself à optional, post-lexical level

 

 QUESTION:

 Are these types of palatalisation the same process or not?

 No, they aren’t… 

 

Zsiga (1994: 67)
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ARTICULATORY EVIDENCE:
EGG

Method

o /s/ & /z/ and /j/ press you 

o underlying palatal fricatives bishop, fresh

o acoustic analysis

o articulatory (EPG) analysis

o 3 speakers

Zsiga (1994: 67)
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ARTICULATORY EVIDENCE:
EGG

Method

o /s/ & /z/ and /j/ press you 

o underlying palatal fricatives bishop, fresh

o acoustic analysis

o /s/ is implemented differently depending on the context

o higher frequency energy if the vowel is unrounded à more /ʃ/-like with a rounded vowel

Zsiga (1994: 67)
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ACOUSTICS: PALATALISATION

Underlying /ʃ/ VS derived /ʃ/ VS /s#j/

o above 5200Hz à /s/

o below 5200Hz à /ʃ/

o underlying & lexically derived /ʃ/ the same

o post-lexical one intermediate

o “While lexical palatalization is categorical and 
obligatory, post-lexical palatalization is both 
gradient and variable in its application.” (1994: 
71)

Zsiga (1994: 69)
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EGG: PALATALISATION

Underlying /s/ VS /ʃ/ VS /j/ à

o derived /ʃ/ VS /s#j/ - ?

Zsiga (1994: 72 & 74)
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EGG: PALATALISATION

Underlying /s/ VS /ʃ/ VS /j/ à

o derived /ʃ/ VS /s#j/ - ?

Zsiga (1994: 72 & 74)
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EGG: PALATALISATION

Underlying /s/ VS /ʃ/ VS derived /j/ & derived /ʃ/ VS /s#j/:

o “although the acoustics in the s+you sequence […] may be /ʃ/-like, the articulation is not” 

o two articulatory gestures overlaid

o post-lexical palatalisation = gradient & variable

o lexical palatalisation = categorical

o are both specified in phonological representation?
o phonological features – categorical phenomena
o articulatory gestures – gradient phenomena

Zsiga (1994)

63

“It may be that the pattern of overlap seen here is just
that typical of the overlap between any two
consonants at a word boundary. If so, then no post-
lexical rule of palatalization is required. The effect of
palatalization would simply be the acoustic
consequence of the normal pattern of overlap.” (1994:
75)



ARTICULATORY EVIDENCE:
ULTRASOUND

https://www.staff.ncl.ac.uk/danielle.turton
/

http://www.dynamicdialects.ac.uk/accent
chart/accentchart.php
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ULTRASOUND: THE CASE OF /L/ DARKENING
 Traditional accounts of /l/ allophony in English:
o clear [l] occurs in onsets (leap) 
o dark [ɫ̈] in codas  (peel)

 

 The situation is more complex:
o some /l/s are darker than others (Turton 2014a: 189)
o how many allophones of /l/ are there?

 

o are these allophones, or are we dealing with a lightness/darkness continuum?
o this is difficult to answer using acoustic evidence: vocalised and dark /l/s are difficult to distinguish (Turton 2014b: 33)
o  clear /l/ relatively high F2 and relatively low F1
o  formants affected by transitions
o dark /l/s – where do they start in the signal?
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ULTRASOUND: THE CASE OF /L/ DARKENING
Ultrasound data à information about gestures which are not necessarily captured in the acoustic 
signal

QUESTIONS:

Are we dealing with a cline of light/dark? (1 category = 1 allophone; realised variably = cline)

Are we dealing with allophony?
 If so, how many allophones are there? (2 categories = 2 allophones; 3 categories = 3 allophones)
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ULTRASOUND: /L/ DARKENING
Turton 2014b:
- heal a separate category in both cases
- but is the difference in Manchester big 

enough? 

Tongue 
retraction
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ULTRASOUND: /L/ DARKENING
Turton 2014b
- three categories
- are we sure it’s three?
- eye-balling VS quantitative analysis
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ULTRASOUND: THE CASE OF /L/ DARKENING

Turton 2015

“an absence of a large phonetic difference does not necessarily entail an absence of
categoricity” à but then how do we know whether small phonetic differences should be
considered to indicate categoricity?

“[Principle Component Analysis] can help to diagnose between categoricity and gradience in a
quantitative fashion” & bimodality tests

69



ULTRASOUND 

Turton 2015

- two categories à confidence intervals not overlapping
 phonology

- cline of lightness/darkness within each category
 phonetics
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ULTRASOUND 

Turton 2015

- one category à overlapping confidence intervals

- cline of lightness/darkness
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ULTRASOUND 

Turton 2015

- one category à overlapping confidence intervals

- cline of lightness/darkness à clearer than with the
Manchester speaker
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PROBLEM-SOLVING EXERCISES
73



YOUR OWN INTERESTS

What phenomena & processes?

Are they phonetic or phonological?
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PLOSIVE INSERTIONS:
PRINCE - PRINTS

ham[p]ster; prin[t]s

nasal cavity open for the nasal stop

nasal cavity closed for the oral stop

CRUCIAL: both nasals and plosives are stops!

if the velum gets closed earlier, during the production of the nasal, this results in an 
oral rather than nasal stop

Why should this happen? 

anticipation of the following consonant (Ohala 1983: 208)
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HOW WOULD YOU…
Figure out whether glottalisation associated with /t/ in an accent of a language is governed by 
phonological factors?

• would you analyse conversational data? (sociolinguistic interviews)

• would you record read speech? If so, what type of read speech?

• how many speakers would you aim for?

• what factors would you consider?
• would all of these be related to language structure?
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THANK YOU Good luck on your (fun) phon-
phon journey!
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