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Some issues to be touched on... 
 

1.	Are	there	diachronic	frequency	effects?	(and	if	so:	of	what	kinds?)	
2.	Are	there	non-diachronic	frequency	effects?	

3.	What	does	it	mean	if	there	are	frequency	effects?	
	

	 =	what	is	the	nature	of	phonology?	
	

Frequency	effects	and	phonology:	what	is	predicted?	
	

During	the	first	session,	we	saw	the	following	claims:	
	
	

		«	the	frequency	of	use	of	lexical	items	determines	the	extent	to	which	they	are	
affected	by	change	at	the	phonological	level	»	

	

• N-changes	show	high-frequency	effects		
	

• A-changes	show	low-frequency	effects		
	
	

		«	frequency	effects	are	most	compatible	with	usage-based	phonology	»	
	

	
In	this	session,	we	will	see	that	things	are	more	complicated	than	that	
	

• some	of	these	claims	are	false,	and	others	are	too	simplistic	
	

We	will	consider	four	more	precise	(hence	testable)	predictions,	and	the	extent	to	

which	UBP	and	FP	are	compatible	with	them:	
	
	 1.	Diachronic	low-frequency	effects	should	exist	in	A-changes	

	
			2.	Diachronic	high-frequency	effects	should	always/ever	exist	in	N-changes	

	
	 3.	Synchronic	high-frequency	effects	should	exist	in	speech	

	
	 [4.	Frequency	effects	(like	all	phonological	generalisations)	should	always	be	gradient]	



1.	Do	diachronic	low-frequency	effects	exist	in	A-changes?	
	

A-changes	are	not	rare,	and	we	have	seen	that	there	are	claims	that	they	are	subject	

to	low-frequency	effects.	
	
Which	predictions	do	the	two	key	models	that	we	are	considering	make	on	this	issue?	
	
	

Diachronic	low-frequency	effects	should	exist	in	A-changes	
	

• UBP		 -		yes	
• FP		 -		no				yes	
	

	
Bybee	(2006)	argues	that	there	is	an	explanatory	link	between	low	frequency	effects,	
A-changes,	and	exemplar-based	UBP:	
	

• “frequency	strengthens	the	memory	representations	of	words	or	phrases	making	them	
easier	to	access	whole	and	thus	less	likely	to	be	subject	to	analogical	reformation”		

	

o this	is	seen	as	a	‘conserving	effect	of	high-frequency’	–	bigger	exemplar	clouds	are	
more	robust	(‘entrenched’),	and	are	thus	resistant	to	change	of	this	type	

	

o low-frequency	words	are	more	likely	to	undergo	changes	of	this	type	on	a	UBP	
perspective	as	they	are	seen	as	lacking	entrenched	exemplar	clouds	

	
The	kind	of	claim	is	often	encountered	as	evidence	that	UBP	is	superior	to	FP	
	

• however,	the	frequency	patterning	of	A-changes	also	fits	with	the	predictions	of	FP	

How	can	low-frequency	effects	fit	with	FP?	
	

The	existence	of	any	kind	of	frequency	effect	is	sometimes	painted	as	a	problem	for	

formal	models	of	phonology	
	

• formal	models	are,	in	fact,	fully	compatible	with	low-frequency	effects,	if	the	role	of	
acquisition	in	change	is	recognised	

	

	

English	preterites	
	

If	learners	are	more	likely	to	hear	ic	drāf	‘I	drove’	than	ic	bād	‘I	bided’,	because	drāf	is	
more	frequent	than	bād	...	

	

• then	they	are	more	likely	to	fix	irregular	drāf/drove	in	their	grammar	as	the	past	
tense	of	drīfan/drive	than	they	are	to	fix	irregular	bād/bode	in	their	grammar	as	
the	past	tense	of	bīdan/bide	

	

o if	speakers	do	not	acquire	an	irregular	past	tense	for	bīdan/bide	because	they	don’t	
get	enough	input	to	do	so	(because	the	word	is	less	frequent),	then	its	past	tense	

will	be	derived	regularly	by	the	rule	for	past	tense	formation	(=	‘add	-ed’)	
	

o acquiring	an	‘irregular’	past	tense	is	an	extra	learning	task	–	FP	would	predict	that	
considerable	input	(PLD)	will	be	needed	to	succeed	in	it	

	

• it	is	more	likely	that	learners	will	fail	in	this	extra	learning	task	with	low-frequency	verbs	
than	with	high-frequency	verbs		=		FP	predicts	low-frequency	effects	in	A-changes	
	



An	FP	account	of	verbs	forming	their	preterite	in	an	‘irregular’	way:	
	

     present past 
I	drive	 I	drove		 	 aɪ	 	 oʊ	

I	write		 I	wrote	 	 aɪ	 	 oʊ	
	
I	shoot	 I	shot	 	 	 uː	 	 ɒ	

I	choose	 I	chose		 	 uː	 	 oʊ	
	
I	know	 I	knew		 	 oʊ	 	 ɪʊ	 	
I	grow	 I	grew		 	 oʊ	 	 ɪʊ	 	
	

Such	forms	are	not	derived	by	rules,	but	have	more	than	one	UR	for	the	morpheme	
(‘suppletion’)	
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‘use	letters	to	
record	language’	

	

VERB	
	

/raɪt/	
/roːt/past	

	

	
	

	

‘small	rodent’	
	

NOUN	
	

	/maʊs/singular	
		/maɪS/plural	

	

	
	

	

‘feline’	
		

NOUN	
	

	/kat/	
	

	
	

	

‘female	bovine’	
		

NOUN	
	

	/kaʊ/	
	

	
	
	

	

‘plural’	
		

AFFIX	
	

	/z/	
	

	
	
see	
Lexical	entry:		
	

	

‘perceive	with	
eyes’	

		

VERB	
	

		/si/	
		/sɔ/past	

	

	

/roʊt/ Or	/rait/	and	a	morpheme-specific	Vocabulary	Insertion	rule	

‘Elsewhere’	ordering	and	blocking	accounts	for	all	preterite	formation:	
	

	 heaved	 heaped	 heated	 wrote	
	 /hiːv+PAST/	 /hiːp+PAST/	 /hiːt+PAST/	 /raɪt+PAST/	
	

specific	PAST	 							—	 						—	 						—	 /roʊt/	
	

regular	PAST	 /hiːv+d/	 /hiːp+d/	 /hiːt+d/	 			—	
	
UR	 /hiːv+d/	 /hiːp+d/	 /hiːt+d/	 /roʊt/	
	

Epenthesis	 					—	 				—	 		hiːtɪd	 												—	
	

Assimilation	 					—	 		hiːpt	 				—	 												—	
	

SR	 [hiːvd]	 [hiːpt]	 [hiːtɪd]	 									[roʊt]	

	

	
The	change	is	a	kind	of	simplification:	

	

	
	

	

	
Simplification	of	structures	is	predicted	in	diachronic	change	–	it	represents	the	

failure	in	the	extra	learning	task	that	complexity	requires	

• FP	is	indeed	compatible	with	the	‘conserving	effect	of	frequency’	in	A-changes		

	
	
	

				>

	
‘bear,	dwell’	

	
VERB	

	
/baɪd/	

	/boʊd/ 



Diatonic	Stress	Shift	fits	with	the	predictions	of	an	FP	model,	too	
	

• DSS	involves	the	creation	of	diatonic	pairs	from	monotonic	pairs,	in	words	with	
lower	token	frequency	before	those	with	higher	token	frequency	

	

o this	is	expected	on	an	FP	model		
	

convíctN		 ~	 convíctV	 	 >	 				cónvictN		 ~	 convíctV	
recórdN		 ~	 recórdV	 	 >	 				récordN		 ~	 recórdV	
	

The	change	involved	in	the	creation	of	diatonic	pairs	through	a	change	in	the	N	

• σσl N	>	σl σN	
	

Diatones	exemplify	some	of	the	basic	patterns	of	English	stress:	
	

• a	final	syllable	is	typically	unstressed	in	nouns	 	 hággis,	áccent,	júngle,	núgget	
	

o =		extrametricality,	high-ranked	NONFINALITY	etc	
	

o non-final	stress	is	assigned	in	noun	by	rule	
	

o final	stress	in	nouns	is	exceptional	=	it	needs	to	be	stored	in	an	UR	(e.g.,	/akáʊnt/)	
	

• a	heavy	final	syllable	is	unproblematically	stressed	in	verbs	
	

o final	stress	is	assigned	in	verbs	by	rule	 	 	 	 defý,	obéy,	chastíse,	perváde	
	

o it	does	not	need	to	be	stored	in	an	UR	
	

	

The	pre-change	situation	was:		(exemplified	by	discount	)	
	

V		 /dɪskaʊnt/		®		σσl 	(a	verb	with	heavy	final	syllable	gets	accent)	
N	 /dɪskáʊnt/		®		σσl 	(nouns	normally	do	not	have	final	stress,	so	it	must	be	lexically	stored)	
	

The	post-change	situation	was:	
	

V	 /dɪskaʊnt/		®		σσl 	(a	verb	with	heavy	final	syllable	gets	accent)	
N	 /dɪskaʊnt/		®		σ(σ)	®		σl (σ)	(stress	assigned	to	the	only	non-extrametrical	syllable)	
	 	 	 	 				(noun	final	extrametricality)	
	

Diatonic	Stress	Shift	involves	individual	words	submitting	to	the	general	pattern	of	

English	phonology,	removing	the	exception	of	noun-forms	allowing	final	stress	
	

• this	is,	again,	a	simplification	of	the	lexically	stored	form	
	

o learners	need	strong	evidence	for	exception	markers	(lexical	storage	of	stress),	as	
they	involve	an	extra	learning	task	

	

o low	frequency	words	are	less	likely	to	provide	that	evidence,	so	are	more	likely	to	
be	(re)analysed	in	acquisition	as	non-exceptional		

–	in	which	case	the	noun	will	receive	non-initial	stress	
	

So:	

• both	UBP	and	FP	predict	low-frequency	effects	in	A-changes	
	



2.	Do	diachronic	high-frequency	effects	always	exist	in	N-changes?	
	

The	existence	of	diachronic	high	frequency	effects	in	N-changes	is	more	controversial	

than	what	we	have	seen	for	A-changes	
	

• this	links	with	the	‘Neogrammarian’	Exceptionlessness	Hypothesis	about	N-change	
(the	‘EH’	is	also	call	the	‘regularity	principle’	in	English)	

	

	

We	have	seen	that	the	UBP	model	is	associated	with	the	idea	that	N-changes	should	

show	high	frequency	effects		–		we	will	see	why	imminently	
	

• this	is	a	claim	that	the	EH/RH	is	false	–	it	is	a	claim	that	segments	do	not	change	in	
phonological	environments	all	at	the	same	time	

	

o the	UBP	assumption	is	really	that	all	change	is	implemented	by	‘lexical	diffusion’	
	

	

We	have	also	seen	that	the	FP	model	is	not	compatible	with	this:	if	N-changes	are	changes	

in	the	‘rule	component’	(‘phonological	computation’),	we	expect	exceptionlessness.	
	

The	two	models	thus	make	different	predictions	on	this	question:	
	
	

Diachronic	high-frequency	effects	should	always	exist	in	N-changes	
	

• UBP		 -		yes	
• FP		 -		no		
	

Bybee	(2001)	argues	for	a	predictive	link	between	high	frequency	and	high-frequency	

effects	in	UBP	
	
	

	
	

	

		
	

	

	

	
	

	
	
	
Bybee	is	defining	‘sound	changes’	as	“the	result	of	phonetic	pressures	that	apply	in	
real	time	as	words	are	used”	
	

• this	is	controversial		–		in	FP,	‘rules’	can	result	from	other	things,	too,	although	the	
phonologisation	of	phonetic	pressures	is	widely	acknowledged	

	
Relatedly,	Pierrehumbert	(2002)	writes,	about	UBP	and	exemplars,	that	

	

“Any	systematic	bias	on	the	allophonic	outcome	would	incrementally	impact	high	

frequency	words.	In	short	the	model	is	applicable	to	any	Neogrammarian	sound	change...”	

Bybee	(2001)	
	

	

	 	

etc.). The penultimate stress pattern of Spanish has a very high type
frequency, occurring with about 95% of nouns and adjectives that end
in vowels (abuéla, camíno, pronómbre), while antepenultimate stress
has a much lower type frequency (claúsula, fonológica). One can also
count the token frequency of such patterns – that is, how often the
pattern occurs in running text.

1.4.1 Token Frequency

Token frequency has two distinct effects that are important for phonol-
ogy and morphology. In one frequency effect, phonetic change often
progresses more quickly in items with high token frequency.This effect
is particularly noticeable in grammaticizing elements or phrases 
that undergo drastic reduction as they increase in frequency. Thus be
going to, which is becoming a future marker in English, is reduced 
to [!g" ə] or even further reduced in phrases such as I’m gonna
to [!aimə ə]. Similarly, the conventionalized contractions of English are
reduced due to their high frequency: I’m, I’ll, I’ve, can’t, don’t, won’t,
and so on (Krug 1998). But the effect occurs on a more subtle level as
well: regular sound change in many cases progresses more quickly in
items of high token frequency.There is a tendency in American English
for syllabicity to be lost in sequences of unstressed schwa + resonant,
as in every, camera, memory, and family. This reduction is more
advanced in words of higher frequency (such as those just named) than
in words of lower frequency, such as mammary, artillery, homily
(Hooper 1976b). The loss of final [t] or [d] after a consonant is also
more common in words of higher frequency, such as went, just, and and.
In fact, a general effect of token frequency on the rate of deletion has
been found for 2000 tokens of final [t] or [d] (Bybee 2000b).2

If sound changes are the result of phonetic processes that apply in
real time as words are used, then those words that are used more often
have more opportunity to be affected by phonetic processes. If repre-
sentations are changed gradually,with each token of use having a poten-
tial effect on representation, then words of high frequency will change
at a faster rate than will words of low frequency.3 The streamlining of

ɾ˜
ɾ˜
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2 Further discussion of these examples and further references for other similar examples
can be found in Chapter 3.

3 This suggestion is found in Moonwomon (1992). Factors other than simple frequency are
important, too. These are discussed in Chapter 3.

high-frequency words and phrases has the effect of automatizing pro-
duction. Any motor activity that is repeated often becomes more effi-
cient. The first effect of frequency, then, is to automate production
(Boyland 1996). (For further discussion, see Chapter 3.)

The second effect of frequency seems to contradict the first, since it
makes items more resistant to change, but it concerns change of a dif-
ferent kind. High frequency encourages phonetic change, but it renders
items more conservative in the face of grammatical change or analog-
ical change based on the analysis of other forms (Phillips 2001). For
example, high-frequency forms with alternations resist analogical lev-
eling: while English weep / wept, creep / crept, and leap / leapt have a
tendency to regularize to weeped, creeped, and leaped, respectively, the
high-frequency verbs with the same pattern, keep / kept, sleep / slept
show no such tendency (Bybee 1985, Hooper 1976b). As a result, mor-
phological irregularity is always centered on the high-frequency items
of a language. This conservatism of much-used expressions can also be
found on the syntactic level (Bybee and Thompson 2000). It has often
been observed that pronouns show more conservative behavior than
full noun phrases. English pronouns, for example, maintain distinct
forms for nominative and oblique case, while nouns have lost these case
distinctions. The position of pronouns sometimes reflects an earlier
word order. Similarly, verbal auxiliaries, which are very frequent, often
retain conservative syntactic characteristics.The English auxiliaries, for
instance, retain the ability to invert with the subject, and they precede
rather than follow the negative, both properties once shared by all
verbs (Bybee to appear).

This conserving effect of frequency places some items outside the
domain of the regular combinatorial patterns of the language. Their
frequency gives them a high level of lexical strength. That is, they are
so engrained as individual patterns that they are less likely to change
even if general changes are occurring in the language. To account for
this entrenchment effect, I have proposed (Bybee 1985) that repre-
sentations are strengthened whenever they are accessed. This strength-
ening makes them subsequently easier to access and also more
resistant to some forms of change.

1.4.2 Type Frequency and Productivity

Another major effect of frequency and thus of usage is the effect of
type frequency in determining productivity. Productivity is the extent
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Tamminga	(2014)	expands	on	how	Pierrehumbert	(2002)	sets	this	out:	
	
	
	

	

	

	
	

	

The	origin	of	N-changes	is	often	related	to	phonetic	pressures,	which	can	become	
phonologised	into	synchronic	(and	later	diachronic)	phonological	patterns	

	

• assuming	all	these	connections,	UBP	predicts	that	high	frequency	effects	should	be	
omnipresent	in	N-changes		

	

• there	is	no	reason	why	any	such	change	should	not	be	affected	by	frequency	
	
The	existence	of	high	frequency	effects	in	N-changes	has	indeed	been	asserted	

in	Bybee	and	Phillips’	(and	some	others’)	work	
	

• but	do	they	always	exist	in	N-changes?		
o [do	they	ever?]	

has simply been overlooked. Even if coronal stop deletion were a change, albeit one proceeding at
such a glacial pace that it could not be observed, a simple frequency effect observed in a snapshot
of a change in progress is, as Pierrehumbert points out, “not enough in itself to argue for long-term
storage of word-specific allophone detail” (Pierrehumbert, 2002:108). This is because frequency effects
in production can in principle be implemented online through processing mechanisms such as spreading
activation, without requiring such mechanisms to impact the phonological representation. The argument
for exemplar theory, then, depends crucially on the gradual accumulation of usage-based phonetic
differences between words over the course of a change. Note that unlike Bybee, who limits her discussion
to reductive sound change (while suggesting that all sound change is ultimately reductive (2002:268)),
Pierrehumbert explicitly extends the claim that frequent words lead sound change to any kind of gradient
phonetic change, stating that “any systematic bias on the allophonic outcome would incrementally impact
high frequency words at a greater rate than low frequency words” (2002:118). Just as frequent words
that undergo reduction in speech should end up being more reduced in the phonetics inherent to their
representation, frequent words that are undergoing non-reductive sound change (for example, the raising
of /ey/ along the front diagonal in Philadelphia (Labov et al., 2013)) should accumulate advanced tokens
more quickly than their less-frequent counterparts.

One area in which the search for word-specific phonetics has been pursued is homonyms. Vowel
pronunciation in particular is highly sensitive to the conditioning effect of the surrounding phonological
environment, meaning that comparing non-homonyms often leaves open the possibility that any observed
differences are merely due to subtle coarticulation in production. Homonyms are therefore a key test for
the existence of word-specific phonetics because the phonological environment is controlled. An early
use of homonym differences to argue for lexical effects in sound change comes from Cheng & Wang
(1977), who give twelve examples of homonym pairs that split into different phonemic categories in the
development of Middle Chinese tone III in the modern Chao Zhou dialect. Labov does not find the same
type of split across the homonym pairs know/no and two/too using data from Philadelphia (1994) and the
Atlas of North American English (2010). On the other hand, Lavoie shows that four and for are reduced
differently in natural speech, Johnson (2007) demonstrates that for 18 homonym pairs or sets the most
common pronunciation variants are different, and Gahl (2008) finds length differences between frequent
and infrequent members of homonym pairs.

A recent paper by Drager (2011) serves as the inspiration for the current study in its use of
the homonym set that I will refer to as LIKE. The word like can be a lexical verb, a discourse
marker, a quotative, or one of several other grammatical parts of speech, which I will discuss in
section 2. Drager, focusing on the three-way distinction between the discourse marker, quotative, and
grammatical (including verbal) functions of LIKE, demonstrates that in New Zealand English, “some of
the lemma-based phonetic variation is socially conditioned and some of it is linked to the speaker-specific
probability of producing the word” (2011:704) (with speaker-specific probability being one measure of
frequency). By showing that the elements of the LIKE homonym set can be phonetically differentiated
(in this case, by the consonantal elements of /l/-length and /k/-release), Drager sets us up to ask whether
there is ever a case where they are not. I argue in this paper that there is such a case: the raising
of the nucleus of /ay/2 in Philadelphia. The raising of /ay/ before voiceless consonants is a feature
found in a number of North American dialects, including Canada and the Inland North. In Philadelphia,
the increasing phonetic differentiation of the /ay/ nucleus in voiceless environments from the stable
low position of the /ay/ nucleus before voiced consonants and word-finally is a regular sound change
that began in the early decades of the 20th century (Labov, 2001; Labov et al., 2013). The vowel in
LIKE, of course, undergoes /ay/-raising due to the voicelessness of the /k/, meaning that Drager’s clever
juxtaposition of the various functions of LIKE can be exploited in data from Philadelphia to evaluate
word-specific effects on sound change in progress. The following sections will be dedicated to showing
that, despite order-of-magnitude advantages in frequency, the most frequent LIKE homonyms do not
take the lead in /ay/-raising.

This study is not the first to suggest that sometimes frequency effects fail to arise. In addition to
the contributions from Labov, Dinkin (2008), Abramowicz (2007), and Walker (2012) all fail to find
frequency effects for at least some of the variables they consider. But to my knowledge what has not

2 I adopt the phonological notation from Labov et al. (2006), in which /ay/ is the vowel in PRICE.
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coarticulatory effects may be reassigned to a neighboring category. In the seventeenth-
century case this involved phonemic change, but in the twentieth century we have no
more than a refinement of allophones.
In twenty-first century Philadelphia we may find the break/great class joining with the

residual /eyF/ allophone, which has resisted the raising process for over a century. Fig-
ure 10 merges the phonetic features of this lexical class with the rest of the words with
obstruent-liquid onsets. This class with obstruent-liquid onsets is more distinct from the
other /eyC/ classes, though it clearly follows the upward trend of Figs. 3, 4, and 5, reach-
ing 1100 on the front diagonal. The break/great lexical class does not appear to partici-
pate in this upward movement, hovering at 800, with a slight upward turn in the most
recent years. It shows no tendency to join the /eyF/ allophone, which remains below 600
on the front diagonal. It appears that the long-term application of coarticulatory factors
has preserved the regularity of change in progress, although the features that once defined
lexical subclasses are still available to speakers of the language.

6. What has been learned. We have examined the raising of /eyC/ as a prototypi-
cal sound change in a continuous phonetic space, below the level of conscious aware-
ness, which has continued in the same direction for over a century. It was selected in
order to test the Neogrammarian principle that change affects all words in which the tar-
get phoneme is found. The extended time period of 110 years, the volume of data, and
the monotonic incrementation of /eyC/ have facilitated the comparison of the rates of
change of individual words at different stages. A few candidates for lexical effects were
detected in the course of this study, but by the end none were found to have escaped the
tyranny of phonetic constraints. Like a child learning a language we impose this pattern
on the vocabulary, as it imposes regularity on us.
What then has been learned from the 25,458 measurements of the /eyC/ nucleus that

we could not have learned from a more limited data set? Or to put it another way, what
are the implications for linguistic theory of the FAVE suite for automatic vowel analy-
sis? So far we have learned that this sound change has continued in the same direction
for a hundred years, that it is found in all neighborhoods of the city and at all educa-
tional levels, and that it is defined phonologically from the outset.
Is the raising of Philadelphia /eyC/ a regular sound change? The answer provided

here is ‘yes’. This says to the historical linguist that you can apply your working princi-
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Figure 10. Raising on the front diagonal by date of birth of words with obstruent-liquid onsets. 
BG = break, great; X = other words.

Labov	has	long	battled	with	the	extent	to	which	phonological	change	is	exceptionless	
	

• since	1981	he	has	argued	that	a	distinct	type	of	change	(which	I	have	been	calling	
‘N-changes’)	are	indeed	exceptionless,	patterning	like	synchronic	rules	
• 	

o his	final	word	on	the	subject	is	Labov	(2020),	where	he	sought	to	discover	in	full	
detail,	with	all	statistical	power,	if	a	change	can	be	shown	to	be	exceptionless:	

	

	
	

Labov’s	(2020)	conclusion	is:	
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of awareness. With the development of computational methods of processing acoustic
analysis, it is possible to capture hours of speech from hundreds of speakers in a form
not very far from the vernacular of everyday life. 
How then would such an empirical study establish that any one sound change was

progressing in a manner that affected each and every member of the word class accord-
ing to its phonetic environment? First of all, we want to study a change in progress,
rather than a stable distribution that we infer must be the result of change some time in
the past (as in Bybee 2002). It should be a unidirectional change, in which the whole
community participates. And we want to focus on a change below the level of social
awareness, to avoid the confusion of sound change with the subsequent development of
lexical markers as social stereotypes (Labov 1975).1
In the approach to be followed here, the defining phonetic features of the sound change

are examined to see if they prevail across the data set. To begin with, mixed-level multi-
ple regression is used to define these parameters and detect lexical diffusion on the basis
of word frequency. We then plunge into the more difficult task of searching for the ab-
sence of exceptions among the least common as well as the most common words.
3.1. Sound change in philadelphia. We pursue this search for regularity in the

city of Philadelphia, where sound change in the local community has been studied for
over a century, ranging from the phonetic transcriptions of dialect geographers (de
Camp 1939, Tucker 1944, Kurath & McDavid 1961, Ferguson 1975) to large-scale
quantitative studies of change in progress (Labov 1976, 2001, Conn 2005, Fruehwald
2013, Labov et al. 2013).2
From the outset, the changes appeared to be likely candidates for irregularity rather

than regularity. In Philadelphia:
• The tensing of short-a before /d/ is found only in mad, bad, and glad, laxing before
front nasals is found only in ran, swam, and began—and a host of other details that
show that lexical identity and frequency have been at work.

• Philadelphia shows the same phonetic condition for the raising of /ay/ as in ‘Cana-
dian raising’—before voiceless obstruents. But when the voicing condition be-
came obscured by flap formation, as in writer and rider, the Philadelphia rule
became extended irregularly to a number of frequent words, such as spider, tiger,
Snyder (Fruehwald 2013). 

• The mid back ingliding vowel /oh/ in lost, off, all, and so forth is raised to upper
mid or lower high position in Philadelphia and the Middle Atlantic States gener-
ally. But Philadelphians have become acutely aware of this vowel and label it with
the lexical stereotype wooter (for water), which is pronounced with a vowel con-
siderably higher than that used in everyday speech. Advance or retreat of this vari-
able is high on the scale of social awareness.

1 See, for example, Hoi Toider in the Outer Banks of North Carolina. The New York City dialect is often la-
beled by the stereotype Toity Toid Street, with the diphthong [ɔɪ] in place of the common [əɪ].

2 The notation used for the vowel system of Philadelphia English discussed here is that of the Atlas of North
American English (ANAE; Labov et al. 2006), as follows.

ii(i) ANAE IPA J. C. Wells /b _ t/
iy [i] fleece beet
ey [eɪ] face bait
ay [aɪ] price bite
aw [aʊ] mouth bout

Labov	has	long	battled	with	the	extent	to	which	phonological	change	is	exceptionless	
	

• since	1981	he	has	argued	that	a	distinct	type	of	change	(which	I	have	been	calling	
‘N-changes’)	are	indeed	exceptionless,	patterning	like	synchronic	rules	
• 	

o his	final	word	on	the	subject	is	Labov	(2020),	where	he	sought	to	discover	in	full	
detail,	with	all	statistical	power,	if	a	change	can	be	shown	to	be	exceptionless:	

	

	
	

Labov’s	(2020)	conclusion	is:	
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of awareness. With the development of computational methods of processing acoustic
analysis, it is possible to capture hours of speech from hundreds of speakers in a form
not very far from the vernacular of everyday life. 
How then would such an empirical study establish that any one sound change was
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front nasals is found only in ran, swam, and began—and a host of other details that
show that lexical identity and frequency have been at work.

• Philadelphia shows the same phonetic condition for the raising of /ay/ as in ‘Cana-
dian raising’—before voiceless obstruents. But when the voicing condition be-
came obscured by flap formation, as in writer and rider, the Philadelphia rule
became extended irregularly to a number of frequent words, such as spider, tiger,
Snyder (Fruehwald 2013). 

• The mid back ingliding vowel /oh/ in lost, off, all, and so forth is raised to upper
mid or lower high position in Philadelphia and the Middle Atlantic States gener-
ally. But Philadelphians have become acutely aware of this vowel and label it with
the lexical stereotype wooter (for water), which is pronounced with a vowel con-
siderably higher than that used in everyday speech. Advance or retreat of this vari-
able is high on the scale of social awareness.

1 See, for example, Hoi Toider in the Outer Banks of North Carolina. The New York City dialect is often la-
beled by the stereotype Toity Toid Street, with the diphthong [ɔɪ] in place of the common [əɪ].
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Ringe	&	Eska	(2013)	considered	this	point,	and	say: 	
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prevalence of this phenomenon by investigating several of the apparently most
secure examples in depth (Labov 1994: 424–37). He finds that one is actually
a change in progress – possibly arrested before going to completion – in which
detailed but regular phonetic conditioning appears to apply (ibid. pp. 444–51),
some are actually cases of dialect borrowing (ibid. pp. 451–3), and still others
are likely to reflect inconsistent suppression of a stigmatized sound change (ibid.
pp. 453–4). The normal situation is that shifts in pronunciation are gradual, are
subject to fine phonetic conditioning (ibid. pp. 455–71), and exhibit no lexi-
cal irregularities; that is confirmed by an extensive survey of sound changes in
progress (ibid. pp. 443–4, 540–3, with references). Lexical diffusion of sound
changes does occur, but only when sound changes are borrowed from one dialect
into a closely related dialect (and lexical diffusion is not always the mechanism
of spread even in those contact situations; see Labov 1994: 429–37).2 Labov
suggests that lexical irregularities are most likely to arise in the context of a con-
trast between discrete classes of vowels, such as the lax vs. tense contrast (ibid.
pp. 526–31).

Working historical linguists with broad experience of language change are
aware that the written record is fully consistent with Labov’s findings. Regular
sound change is the norm; in fact, the regularity of sound change is statistically
overwhelming. The following crude experiment gives a good idea of the numbers
involved. The first 200 words of the glossary in an Old English (OE) textbook,
Moore and Knott 1955, which survive in Modern English (ModE) were com-
pared to their contemporary reflexes.3 The shapes of at least 88 percent of the
modern words inspected can be derived from those of the OE words entirely by
regular sound changes and known morphological changes; thus the incidence of
apparent phonological irregularity is not more than 12 percent over the past thou-
sand years as measured by listed lexemes. Moreover, words exhibiting apparent
irregularities typically exhibit only one each; and since the average length of the
words in question is about four phonemes, the incidence of apparent phonolog-
ical irregularity is not more than about 3 percent per millennium as measured
by tokens of phonemes in a wordlist. Finally, it is actually surprising that these
numbers should be so low, since standard English is the result of prolonged
dialect contact in London from the thirteenth to the seventeenth centuries, and
borrowing between dialects is a principal cause of phonological irregularities.
We should expect the incidence of apparent phonological irregularities to be
even lower in dialects that have not been subjected to such massive dialect con-
tact. The observed regularity of sound change is a statistically robust pattern of
facts.

The following hypothesis is the best available to account for this pattern of
facts. Let the regularity of sound change be defined as follows:

either all examples of sound x in a dialect at the time of the change become x´,
or, if x becomes x´ only under certain conditions, those conditions can be stated

entirely in phonological terms.
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suggests that lexical irregularities are most likely to arise in the context of a con-
trast between discrete classes of vowels, such as the lax vs. tense contrast (ibid.
pp. 526–31).

Working historical linguists with broad experience of language change are
aware that the written record is fully consistent with Labov’s findings. Regular
sound change is the norm; in fact, the regularity of sound change is statistically
overwhelming. The following crude experiment gives a good idea of the numbers
involved. The first 200 words of the glossary in an Old English (OE) textbook,
Moore and Knott 1955, which survive in Modern English (ModE) were com-
pared to their contemporary reflexes.3 The shapes of at least 88 percent of the
modern words inspected can be derived from those of the OE words entirely by
regular sound changes and known morphological changes; thus the incidence of
apparent phonological irregularity is not more than 12 percent over the past thou-
sand years as measured by listed lexemes. Moreover, words exhibiting apparent
irregularities typically exhibit only one each; and since the average length of the
words in question is about four phonemes, the incidence of apparent phonolog-
ical irregularity is not more than about 3 percent per millennium as measured
by tokens of phonemes in a wordlist. Finally, it is actually surprising that these
numbers should be so low, since standard English is the result of prolonged
dialect contact in London from the thirteenth to the seventeenth centuries, and
borrowing between dialects is a principal cause of phonological irregularities.
We should expect the incidence of apparent phonological irregularities to be
even lower in dialects that have not been subjected to such massive dialect con-
tact. The observed regularity of sound change is a statistically robust pattern of
facts.

The following hypothesis is the best available to account for this pattern of
facts. Let the regularity of sound change be defined as follows:

either all examples of sound x in a dialect at the time of the change become x´,
or, if x becomes x´ only under certain conditions, those conditions can be stated

entirely in phonological terms.

So:	No.	N-changes	definitely	do	not	always	show	high-frequency	effects.	

	

Can	we	consider	the	question	quantitatively?	
	

• UBP	predicts	that	changes	can	stop	at	any	point	in	their	spread	through	the	lexicon,	
so	we	might	expect	1%	of	changes	to	stop	at	1%	of	the	lexicon,	2%	of	changes	to	

stop	at	2%	of	the	lexicon	etc.		
	
Ringe	&	Eska	(2013)	considered	this	point,	and	say: 	
 
 
 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

dictionaries. However, the words with maximum frequency – after (811) and last (589) –
at the far right of figure 1 have a long /aː/ in less than half of the orthoepic works of the
corpus. Lengthening in the least frequent words at the far left of figure 1 is extremely
variable: lath, casket and lather all have a frequency of zero but are recorded
respectively in eight, six and zero dictionaries. A similar pattern is shown in figure 2 in
which high-frequency words show lengthening before nasals in an average 6.2
dictionaries, while low-frequency words do so in only 4.8. However, the most frequent
word in that context, answer (292), is transcribed with a long vowel in only seven
works out of twelve. Lengthening in the least frequent words is again highly variable:
stanch, trance and supplant, which do not appear in the eighteenth-century texts of
ARCHER, are transcribedwith a long vowel respectively in ten, five and one dictionaries.

A common pattern emerges from both graphs: high-frequency words do not
necessarily favour lengthening; low-frequency words do not show any clear tendency
towards lengthening. Word frequency per se does not seem to have a clear effect when
combined with the two broad phonetic environments (pre-fricative and pre-nasal
contexts). In the case of eighteenth-century data, it might therefore be necessary either
to examine its effect on each narrower phonetic context or to combine this parameter
with others such as word age. In this study, word age corresponds to the extent of the
period since the first occurrence of a word recorded in the OED. The date of first
attestation of each word seems to have an impact on lengthening in our
eighteenth-century sources. Figures 3 and 4 show diverging trends between fricative
and nasal environments. In the figures, the date 1200 represents a threshold for
different reasons.

In pre-fricative contexts (figure 3), lengthening is more likely to occur in long-standing
words than in more recent words. The words recorded with a long vowel in a majority of

Figure 2. Pre-nasal /a/ lengthening in eighteenth-century dictionaries according toword frequency
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There	are	cases	of	change	which	show	signs	of	being	N-changes,	but	which	nonetheless	
also	show	signs	of	having	truly	lexical	exceptions	

• these	changes	are	often	claimed	to	be	due	to	‘lexical	diffusion’	
	

o it	may	be	that	we	simply	haven’t	found	the	phonological	pattern	yet,	or	that	the	
evidence	that	could	allow	us	to	recognise	the	pattern	has	been	lost	
	

• or,	on	a	UBP	perspective,	they	could	be	evidence	for	true	lexical	diffusion	–	changes	
which	have	‘stopped’	before	they	worked	their	way	through	the	whole	lexicon	

	

o if	so,	we	can	expect	them	to	show	a	high-frequency	pattern:	the	low-frequency	
forms	should	be	those	that	keep	the	pre-change	state	

	
One	change	notorious	for	having	‘exceptions’	is	English	‘BATH-broadening’	
	

• a	>	aː	 in	Early/Late	Modern	English	(there	has	been	a	later	backing,	too:	aː	>	ɑː)	
• before	voiceless	fricatives	(bath,	grass	but	mass)	and	nasals	(dance,	plant	but	ant)	
	

Trapateau	(2008)	considers	the	evidence	for	this	and	concludes:	

	
	
	
	

While	the	precise	nature	of	‘lexical	diffusion’	is	mysterious,	the	

evidence	for	frequency	effects	in	such	changes	does	not	look	good. 



What	about	Coronal	Stop	Deletion?		
	

Let’s	return	to	the	graphs	summarising	the	Dutch	case	that	Phillips	(2006)	sees	as	a	

change	of	the	type	t	>	Ø	/	x__#	
	

• they	seem	to	make	a	strong	case	for	the	existence	of	a	high-frequency	effect	
	
   Token frequency           Likelihood of absence of [t] 
	

		 				 	
	

Token	frequency	and	likelihood	of	deletion	increase	in	these	graphs	very	similarly	
	

• given	the	interpretation	of	numbers	in	such	situations,	we	cannot	expect	a	perfect	fit		
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But,	in	fact,	I	overplayed	the	case	in	the	graphs	by	including	only	the	first	20	words	
	

• if	we	add	in	all	the	words	that	Phillips	gives	numbers	for,	the	situation	is	different	
	
Token frequency        Likelihood of absence of [t] 
	

			 	
	
It’s	not	completely	sure	what	the	‘likelihood	of	absence	of	[t]’	graph	is	actually	showing	
	

• there	is	a	peak	for	mocht,	and	lots	of	variation	between	10%	and	30%	(=											)	
	

o mocht	is	the	only	function	word	in	the	set	–	function	words	often	have	different	
prosody	to	lexical	words,	and	this	could	explain	its	unusual	behaviour	

	

o function	words	are	typically	unstressed	–	unlike	lexical	words	–	and	unstressed	
forms	are	more	likely	to	be	subject	to	deletion	

o 	

o it	is	not	clear	that	the	variation	is	significantly	related	to	frequency	
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Token frequency        Likelihood of absence of [t] 
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If	we	remove	mocht,	the	evidence	for	a	frequency	effect	is	much	less	compelling	
	

• the	likelihood	of	coronal-stop	deletion	does	not	fit	well	with	the	gradient	of	the	
increase	in	frequency	of	use	

	
	

	Token frequency         Likelihood of absence of [t] 
	

	

	

	
	

	

	
	

	

	
	
	

And	also	...	CSD-type	phenomena	are	generally	regarded	as	cases	of	stable	variation	
	

• there	may	be	no	frequency	effect	here,	but	if	there	is,	it	is	not	a	diachronic	fact		
–	the	amount	of	‘deletion’	is	not	described	as	increasing	over	time	

–	so:	is	this	a	synchronic	frequency	effect?	

o if	the	frequency	effect	is	a	synchronic	fact,	it	is	a	facet	of	variation	
–	variation	can	be	modelled	in	UBP	and	FP	

Dinkin	(2008)	investigated	the	existence	of	frequency	effects	in	N-changes	carefully	
	

• Dinkin,	Aaron.	2008.	The	real	effect	of	word	frequency	on	phonetic	variation.	
University	of	Pennsylvania	Working	Papers	in	Linguistics	14,	97-106.	

	
Dinkin	(2008)	conducted	a	detailed	consideration	of	a	change	which	is	in	progress	in	US	

English:	the	Northern	Cities	Vowel	Shift	
	

• this	can	affect	/ɪ,	ɛ,	æ,	ʌ/	(and	other	vowels	at	its	most	extreme)	
	

o Dinkin	analysed	measurements	of	a	large	number	of	tokens	of	these	vowels	
	

	
One	representation	of	aspects	of	the	NCVS	is	as	follows:	
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Mechanisms and motivations for chain shifts
Chain shifts and mergers are often alternative 
outcomes to a similar change event since they 
both can involve the encroachment of one 
phoneme on the phonetic space of another. 

From a functionalist perspective, chain shifts 
are motivated by the “communicative needs” 
of the speakers while mergers are caused by 
“articulatory and mental inertia” (Martinet 
1964: 169). 

Merger by drift/approximation (Harris 1985: 310)

Mechanisms and motivations for chain shifts

Martinet (1952: 152): chain shifts functionally 
motivated by “the preservation of a useful 
phonemic opposition”

Lass (1978: 266) rejects the idea that people 
“can make comparisons between the present 
state of their language and some as yet 
unrealized one, and opt for one or the other”, 
arguing that it is the reflex of a purely 
mechanical process   

A view of the Northern Cities Shift
(based on Labov 2010:15)

Assuming	that	this	is	indeed	a	case	of	change	...		

• UBP	predicts	frequency	effects	will	be	found	
in	its	patterning	

• FP	predicts	the	opposite	



Dinkin	finds	that	some	small	high	frequency	effect	seems	to	exist	for	/ɪ/,	as	in	the	

table	below	–	and	he	find	similar	results	for	/ɛ/	
	

• high-frequency	words	which	contain	these	vowels	move	a	little	more	in	the	
direction	of	the	shift	than	low-frequency	words	

	

	 	

3  Results

Table 1 shows the results for /i/. The multiple regression found eleven pho-

netic variables plus the Top-5000 frequency variable as having statistically

significant effects on backness of /i/: other things being equal, an /i/-word

among the 5000 most frequent words of the Brown Corpus was on average

about 60 Hz backer than a less frequent word. Since /i/ is being backed in the

Northern Cities Shift, this is consistent with the Exemplar Theory claim that

more frequent words will lead sound changes. Note, however, that word fre-

quency has a smaller effect than any phonetic variable.

variable coefficient variable coefficient

onset cluster –489 Hz labial onset –119 Hz

liquid onset –423 Hz complex coda –84 Hz

apical onset –167 Hz apical coda –71 Hz

palatal onset –151 Hz /l/ coda –69 Hz

nasal coda +136 Hz polysyllable –66 Hz

labial coda –122 Hz Top 5000 –57 Hz

p < .01% n = 2492 constant = 2147 Hz r
2
 = 32%

Table 1: effects of frequency and phonetic variables on /i/ in the North.

Roughly the same thing holds for /e/, on Table 2: fifteen phonetic vari-

ables are statistically significant at the .01% level, and Top5000 is also sig-

nificant but has the smallest effect. Here again the effect of word frequency

is in the same direction as Exemplar Theory would predict—words in the top

5000 are 33 Hz backer, in the direction of the Northern Cities Shift.

variable coefficient variable coefficient

apical coda –353 Hz stop coda +127 Hz

labial coda –324 Hz liquid onset –125 Hz

labdent. coda –279 Hz complex coda –96 Hz

intdent. coda –271 Hz polysyllable –83 Hz

nasal coda +218 Hz /l/ coda –67 Hz

palatal coda –216 Hz voiced coda +60 Hz

velar coda –204 Hz apical onset –39 Hz

onset cluster –162 Hz Top 5000 –33 Hz

p < .01% n = 2913 constant = 2034 Hz r
2
 = 39%

Table 2: effects of frequency and phonetic variables on /e/ in the North.

However:	Dinkin	finds	the	opposite	effect	for	/æ/,	as	in	the	table	below,	and	for	/ʌ/	

(and	also	/ʊ/	which	is	not	involved	in	the	NCVS)	
	

• high-frequency	words	which	contain	these	vowels	move	a	little	less	in	the	direction	
of	the	shift	than	low-frequency	words	
	

	 	

However, when we move on to /æ/, the Exemplar Theory prediction

breaks down. On Table 3, we see that tokens of /æ/ in the top 5000 words are

backer than less frequent words, which is contrary to the Northern Cities

Shift.

variable coefficient variable coefficient

nasal coda +275 Hz stop coda +94 Hz

velar coda –207 Hz labdent. coda –79 Hz

apical coda –152 Hz voiced coda +75 Hz

liquid onset –134 Hz apical onset –63 Hz

onset cluser –123 Hz complex coda +42 Hz

labial coda –123 Hz Top 5000 –23 Hz

polysyllable –99 Hz

p ≤ .01% n = 5091 constant = 2058 Hz r
2
 = 30%

Table 3: effects of frequency and phonetic variables on /æ/ in the North.

Now, the tensing of /æ/ is basically a completed phase of the Northern Cities

Shift, so this might not tell us very much about the relationship of frequency

with sound change in progress. But the backing of // is a new and ongoing

phase of the Northern Cities Shift, and on Table 4 we see that the most fre-

quent tokens of wedge are fronter, again contrary to the shift. So, for /i/ and

/e/, frequent words lead the Northern Cities Shift, but for /æ/ and //, fre-

quent words trail it. Therefore, frequent words leading sound change is

clearly not the explanation for what’s going on here.

variable coefficient variable coefficient

/l/ coda –287 Hz palatal coda +106 Hz

liquid onset –147 Hz polysyllable +49 Hz

labial onset –124 Hz Top 5000 +36 Hz

onset cluster –111 Hz voiced coda –32 Hz

apical coda +110 Hz

p ≤ .02% n = 1794 constant = 1372 Hz r
2
 = 37%

Table 4: effects of frequency and phonetic variables on // in the North.

But if we disregard the particular directions of change in the Northern

Cities Shift, the pattern of Tables 1–4 obvious. The front vowels, /i/, /e/, and

/æ/, are backer in frequent words, regardless of the direction of sound

change; //, a back vowel, is fronter in more frequent words. Moreover, on

Table 5 we find that the other short back vowel, /u/, is also fronter in the



This	seems	paradoxical,	but	Dinkin	shows	that	it	is	understandable	along	the	following	lines:	
	

• the	NCVS	changes	that	affect	/ɪ,	ɛ/	involve	centralisation	
	

• the	NCVS	changes	that	affect	/æ,	ʌ/	involve	movements	away	from	the	centre	
	

	
	

The	frequency	effects	that	Dinkin	observes	have	nothing	to	do	with	the	Northern	

Cities	Vowel	Shift	changes	
	

• the	frequency	effects	are	all	due	to	a	separate	slight	centralisation	effect	on	all	
segments	in	frequent	words		

	

o this	is	‘overlaid’	on	any	effects	of	the	NCVS	
	

o it	makes	sense	as	a	synchronic	‘reduction’	–	there	does	seem	to	be	a	synchronic		
frequency	effects	in	this	phenomenon	(we	return	to	this	later...)	

	

• NB:	multiple	factors	can	affect	the	pronunciation	of	forms	coming	out	of	our	mouths	
	

• the	NCVS	changes	are	not	affected	by	token	frequency,	but	synchronic	‘reduction’	is	
	

13/02/2017

4

Mechanisms and motivations for chain shifts
Chain shifts and mergers are often alternative 
outcomes to a similar change event since they 
both can involve the encroachment of one 
phoneme on the phonetic space of another. 

From a functionalist perspective, chain shifts 
are motivated by the “communicative needs” 
of the speakers while mergers are caused by 
“articulatory and mental inertia” (Martinet 
1964: 169). 

Merger by drift/approximation (Harris 1985: 310)

Mechanisms and motivations for chain shifts

Martinet (1952: 152): chain shifts functionally 
motivated by “the preservation of a useful 
phonemic opposition”

Lass (1978: 266) rejects the idea that people 
“can make comparisons between the present 
state of their language and some as yet 
unrealized one, and opt for one or the other”, 
arguing that it is the reflex of a purely 
mechanical process   

A view of the Northern Cities Shift
(based on Labov 2010:15)

We	have	continued	to	fail	to	find	good	evidence	for	diachronic	high-frequency	effects	
	

• the	Exceptionless	Hypothesis	is	in	good	shape	
	

	
Multiple	factors	can	affect	the	pronunciation	of	forms	coming	out	of	our	mouths	
	

• teasing	apart	diachronic	and	synchronic	effects	is	important	in	work	which	
measures	the	details	of	pronounced	forms	

	

o teasing	apart	diachronic	effects	and	synchronic	variation	can	also	be	important	to	
make	sense	of	data	

	
	
	
	
	
So:	Are	there	diachronic	phonological	high	frequency	effects?	
• it	looks	like:	no?	 	 																			but...	there	are	synchronic	high	frequency	effects?	
	

	

3.	Do	synchronic	high-frequency	effects	exist?	
	

We	have	seen	that:	
	

• conceptually,	both	high-frequency	effects	and	low-frequency	effects	are	possible	
	

o high-	or	low-frequency	words	might	engage	most	in	a	phonological	phenomenon	
	

Also,	we	have	seen	that	there	is	a	potential	difference	between:	

• whole	word	effects		
	

• segmental-category	type	effects	–	we	have	seen	evidence	against	the	existence	of		
	 	 	 	 	 	 frequency	effects	of	this	kind:	their	existence	is	not	proven	

	

	

In	connection	with	this,		
	

• Kiparsky	(2016)	distinguishes	between	“an	imperceptible	phonetic	effect	of	a	few	
milliseconds,	or	neutralization	to	a	categorically	distinct	pronunciation”	

	

o what	are	the	former	kind	of	phenomenon?		–		we	shall	consider	them	now	
	

	
Which	predictions	do	the	two	models	make	on	this	question?	
	
	

Synchronic	high-frequency	effects	should	exist	in	speech	
	

• UBP		 -		yes	
• FP		 -		no				yes	
	



As	we	saw	in	session	1,	Lavoie	(2002)	has	shown	that:	
	

• the	duration	of	for	and	four	can	be	the	same	
	

o but	for	–	a	more	frequent	word	–	often	has	a	shorter	realisation	
	

o four	–	a	less	frequent	word	–	never	has	the	shortest	realisations	
	

• the	differences	in	duration	here	are	measured	in	milliseconds	
	

o this	is	synchronic	variation	in	pronunciation	
	

	

We	have	just	seen	Dinkin	(2008)	show	that	vowels	are	centralised	synchronically	

more	in	frequent	words	than	in	infrequent	words	
	

• the	differences	in	here	are	measured	in	10s	of	Hz		
	

o this	is	synchronic	variation	in	pronunciation	
	

	
There	has	been	other	serious	work	focusing	on	imperceptible	phonetic	effects	of	

milliseconds’	difference	in	the	duration	of	words.	

	
Gahl	(2008)	was	one	of	the	central	papers	in	establishing	this	line	of	work	
	

• this	focuses	on	the	pronunciation	of	whole	words			
	
The	measurements	involved	consider	the	duration	of	chunks	of	speech	
	

• such	durations	are	massively	variable	(as	we	saw	before)	
	

This	strand	of	work	argues	that	more	frequent	words	are	reduced	more	than	less	

frequent	words.	
	

	
As	Gahl	(2008)	points	out,	this	should	mean	that	words	which	are	typically	transcribed	
as	‘the	same’	will	be	pronounced	differently	if	they	differ	in	token	frequency	
	

time	 [thaɪm]	 –	high	frequency	=	more	likely	to	reduce	 	 1958.6pmill		
	

thyme	 [thaɪm]	 –	low	frequency	 =	less	likely	to	reduce	 	 0.20pmill		
	

laps	 [laps]	 –	high	frequency	=	more	likely	to	reduce	 	 3.27pmill		
	

lapse	 [laps]	 –	low	frequency	 =	less	likely	to	reduce	 	 1.37pmill		
	

steak	 [steɪk]	 –	equally	likely	to	reduce		 	 	 	 	 16.24pmill		
	

stake	 [steɪk]	 –	equally	likely	to	reduce		 	 	 	 	 16.61pmill		
	

This	is	reminiscent	of	Lavoie’s	(2002)	work	that	we	saw	in	session	1:	
	

for	 [fɔː]	 	 –	high	frequency	=	more	likely	to	reduce	 6895.10pmill	(log	3.92)	
	

four	 [fɔː]	 	 –	low	frequency	 =	less	likely	to	reduce	 255.78pmill	(log	3.69)	
	
But	–	with	words	like	time	and	thyme	–	Gahl	compared	lexical	words,	avoiding	the	
possibility	that	function-word	prosody	(e.g.,	stresslessness)	drives	the	results.	



Gahl	(2008)	controls	for	a	range	of	factors	in	a	corpus-based	study	and	argues	that	

frequency	is,	indeed,	a	key	factor	in	word	duration	
	

• a	summary	of	Gahl’s	(2008)	results	(cleaned	up	by	Lohmann	2018)	is	given	here	
	

	
	
	
Gahl	(2008)	concludes:	
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states otherwise, no conclusive evidence for high-frequency words being shorter in du-
ration than their low-frequency homophones is provided.
In the following, the model presented in Gahl 2008 is analyzed in greater detail. The

dependent variable is the average duration of only the high-frequency members of the
individual homophone pairs. While the durations of the low-frequency homophones are
thus not predicted, their average durations serve as one predictor of the duration of their
high-frequency twins. The general logic of the model is to show that the average dura-
tion of the low-frequency member predicts the duration of its homophone counterpart
only imperfectly and, most importantly, that token frequency is a statistically signifi-
cant predictor that fills this gap. The model output is reproduced in Table 1 below
(using more transparent variable names than in the original article). 

fixed-effect predictors coeff SE t
(intercept) −0.5247 0.104 −5.07
Speaking rate −0.0492 0.020 −2.42
Duration of low-frequency homophone 0.2141 0.040 5.42
Bigram probability −0.0171 0.005 −3.21
M-score (grapheme-phoneme probability) −0.2213 0.073 −3.02
Noun proportion 0.1034 0.024 4.29
Pause ratio 0.2813 0.137 2.06
Logged token frequency of word −0.0297 0.001 −4.43

Table 1. Summary of the regression model fitted to log-transformed average durations of the high-frequency
homophones in the data set (see Gahl 2008:486).

In order to show that a possible difference in duration between the homophones is not
due to other factors impinging on the duration of the words in the sample, Gahl employs
a number of control variables that enter the model (see Table 1). For a detailed overview
and discussion of these covariates, see Gahl 2008. It is important to note that the control
variables capture properties of only the high-frequency, and not the low-frequency, 
homophones, because the model is fitted to the average durations of only the high-
frequency words (see also Gahl 2009:279 on this point). Consequently, these variables
control for differences only between the high-frequency words, and not for differences
between the actual homophones. As a result, the control variables do not achieve their
primary aim, because differences between the homophones are the main point of 
the study.1
Moving on to the main variables of interest, the crucial predictor in the model is the

logged frequency of the high-frequency words (last row in Table 1 above). Gahl inter-
prets the significance of this predictor in the presence of the control variables as evi-
dence for H22 (see Gahl 2008:486). However, this conclusion is not warranted, as this
predictor contains only the frequencies of the high-frequency homophones in the sam-

1 A further complication with the control variables arises through fitting the model to the average duration
of many tokens, since many control variables influence only a certain share (i.e. not all tokens) of a particular
type—for example, whether a pause follows the word. Gahl addresses this issue by calculating average val-
ues for all control variables—for example, the ratio of tokens followed by a pause. This means that mean val-
ues averaging over a large number of tokens are used. Given that the duration of an individual token is
affected by many situational and contextual variables, this approach is deemed to lose a great deal of infor-
mation about the actual factors that influence the durations of the words making up the sample. It is partly for
this reason that Gahl conducts the reanalysis on a token basis, reported in Gahl 2009.

2 Gahl tested for the significance of this predictor by comparing the fit of the model with and without it via
the calculation of an ANOVA, which returns a p-value of p < 0.001 (Gahl 2008:484). The frequencies of this
predictor are taken from the Switchboard corpus.

[8
2.

13
2.

21
8.

62
]  

 P
ro

je
ct

 M
U

SE
 (2

02
6-

01
-1

1 
11

:0
9 

G
M

T)
  U

ni
ve

rs
ity

 o
f E

di
nb

ur
gh

LANGUAGE, VOLUME 84, NUMBER 3 (2008)486

VARIABLE B ! SE t VIF
intercept !0.5247 0.103497 !5.07
low-fq durationb 0.2141 0.2823 0.039524 5.416 1.1004
m-scorec !0.2213 !0.1565 0.073207 !3.023 1.0847
noun proportion 0.1034 0.2178 0.024098 4.292 1.0427
speaking ratef !0.0492 !0.1386 0.020312 !2.422 1.3258
bigram probabilityh !0.0171 !0.1826 0.005315 !3.21 1.3104
pausesg 0.2813 0.1187 0.136587 2.06 1.3447
log frequencyh !0.0297 !0.2471 0.00669 !4.433 1.2581

TABLE 3. Summary of regression model of durations of high-frequency homophones
(N " 220); B " raw unstandardized coefficient, ! " standardized coefficient,

SE " standard error, t " t value, VIF " variance inflation factor.

To what extent might the model overfit the dataset? Bootstrap validation was used
to obtain a corrected R2 to learn the extent to which the model parameters are estimated
to change when the model is based on a different sample. Simulations with 200 bootstrap
runs yielded a corrected R2 of .43, indicating a modest shrinkage of .05 compared to
the uncorrected R2. The only predictor that was retained in all 200 bootstrap runs was
the duration of the homophone twins. The frequency predictor was retained 197 times.
The only other factor that was retained as often as frequency was the proportion of
noun uses, one of the proxy measures for phrase-final lengthening. Bigram probability
and orthographic regularity were also in most of the models (191 and 182 times, respec-
tively). Speaking rate and proportion of prepausal tokens were retained in the majority
of models as well (157 and 151 times, respectively). The most dispensable predictor
was length in letters, which was retained in only 89 runs. This pattern is consistent
with the behavior of these factors in other models of the dataset.

A striking aspect of the model is the small contribution of homophone duration as
a predictor of word duration. Homophones are usually defined as sets of words that
sound alike. Given that definition, one would expect the duration of a word like thyme
to predict the duration of its twin time perfectly. That is not the case. A model containing
homophone duration as the sole predictor accounts for just 19% of the variability in
duration. It is clear that other factors besides a word’s phonemic makeup influence word
duration to a considerable degree. As Table 3 shows, grapheme-phoneme probability
(m-scores), the estimated proportion of noun tokens of an orthographic word (the word’s
‘noun proportion’), speaking rate in the region following the target word, the conditional
probability of the target word given the following word, and the proportion of tokens
immediately preceding pauses all predicted target duration, in the hypothesized manner:
high m-scores, fast speaking rate, and high bigram probability all predict shorter dura-
tions, and high noun proportion and high proportion of prepausal tokens predict longer
durations. Each of these factors is individually significant when all other factors are
in the model, as revealed by a nonsequential ANOVA.

Crucially for the current study, the log frequency of a word was a significant predictor
of word duration when all other factors were controlled for: as frequency increases,
word duration decreases, when other factors are held constant. This effect, while small,
is similar in size to other theoretically important effects on word duration reported in
the literature, such as effects of repetition, associative priming, and contextual predicta-
bility (e.g. Bell et al. 2003, Shields & Balota 1991), and to the effects of the other
factors in the model.

7. DISCUSSION OF REGRESSION MODEL: EFFECTS OF REPETITION AND CHOICE OF OUTCOME

VARIABLE. The regression model suggests that lemma frequency affects word duration

Gahl’s	(2008)	work	uses	statistical	analysis	
	

• some	work	on	frequency	effects	(such	as	that	by	Bybee,	for	example)	has	been	
criticised	for	not	considering	the	statistical	analysis	of	its	numerical	results	

	
	

o however,	Lohmann	(2018)	shows	that	the	precise	statistical	methods	that	Gahl	
uses	are	faulty,	although	he	does	still	find	a	duration	difference	between	low-and-

high-frequency	pairs	like	time-thyme.	
	
The	details	of	this	kind	of	study	are	complex,	with	tiny	differences,	needing	complex	
and	sometimes	controversial	statistical	interpretation	
	

• the	effect	is	small,	but	it	looks	like	there	can	be	a	correlation	between	the	
frequency	of	a	word	and	its	phonetic	duration	

	

	
One	key	issue	with	this	kind	of	result,	however	is	summarised	by	Lohmann	(2017)	

• studies	of	this	kind	of	thing	do	not	always	find	any	effect	

C U T (N) A N D C U T (V) A R E N OT H O M O P H O N E S

may have separate phonological representations, but homographs may not, as
they also share the same orthographic representation (see Biedermann & Nickels
2008). Both possibilities predict that the N/V pairs investigated are characterized
by a stronger effect of frequency inheritance, and conversely a weaker or no effect
of lemma frequency.

The discussion of the alternative inheritance effects depicted and the different
model architectures that may implement them will be taken up again when
discussing the empirical results obtained (see Section 4).

1.3 The present study in the context of previous research about frequency effects
on homophone duration

Frequency effects on the duration of homophones have been investigated in
reading experiments, as well as in spontaneous speech collected in corpora. The
empirical results are mixed for both. Based on an analysis of data from a list
reading paradigm, Whalen (1991) reports a shorter duration of high-frequency
words relative to homophones of lower frequency. Guion (1995) reports a similar
positive finding for homophones embedded in constructed sentences, but a nega-
tive finding when the words were pronounced in citation form in generic carrier
phrases. Cohn et al. (2005) fail to find an effect of lemma frequency on duration,
testing the pronunciation of homophones both in constructed sentences and also
read off lists. All of the experimental studies tested heterographic homophones.
These were content words in the case of Guion (1995) and Cohn et al. (2005).
Whalen (1991) tested a mix of content and function words.

In previous corpus-based research, effects of lemma frequency on duration
were tested on content word homophones, e.g. thyme versus time (Gahl 2008,
2009), and function word homophones (Jurafsky et al. 2002, Jurafsky 2003).
While in Gahl’s studies a positive finding for lemma frequency is reported,
Jurafsky et al. fail to find empirical support for such an effect. There is one corpus-
based study testing frequency effects on N/V homophones in child-directed
speech (Conwell 2016), which reports a marginally significant effect of lemma
frequency on word duration. An investigation from the regular speech of adults is
yet missing.

It is not clear why some studies found duration differences contingent on lemma
frequency while others did not, as there is no clear pattern emerging from the
differences in results. One possible reason, mentioned in Gahl (2008), may be
that function and content words exhibit a differential sensitivity to the lemma
frequency effect, since all positive findings are from studies that tested content
words or a combination of content and function words, while the comparison of
function words yielded null-results (Jurafsky et al. 2002, Jurafsky 2003). Other
reasons may be methodological in nature (see the discussion in Gahl 2008:
477–479).
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So:	Are	there	synchronic	high-frequency	effects?	
	

• it	looks	like:	yes?	sometimes?	
	

o in	whole	word	effects	=	‘tiny-word-based	effects’	
	

• the	qualifications	of	the	‘yes’	here	are	all	relevant	to	understanding	what	is	going	on	
	
Why	is	it	relevant	that	the	effects	are	‘whole-word’	effects?	
	

• are	words	phonological	objects?	
	

o FP-type	phonological	generalisations	typically	involve	features	or	segments	or	
syllabic	constituents	or	feet	etc	

	

o the	frequency	effects	considered	here	are	not	effects	in	processes	affecting	such	units	
	

o if	frequency	effects	in	processes	affecting	that	kind	of	unit	are	not	robustly	in	
existence,	that	might	give	us	pause:	are	they	truly	phonological	effects?	

	

Why	is	it	relevant	that	the	effects	are	‘tiny’	(c.	20	ms)?	
	

• UBP	is	perhaps	more	obviously	compatible	with	this	kind	of	effect	than	FP,	but	we	
should,	again,	pause:	what	does	UBP	really	predict	in	this	connection?	

	

o all	phonological	objects	in	UBP	are	gradient,	so	these	frequency	effects	should	be	
gradient,	too	

	
time	 [thaɪm]	 –	high	frequency	=	more	likely	to	reduce	 	 1958.6pmill		

	

thyme	 [thaɪm]	 –	low	frequency	 =	less	likely	to	reduce	 	 0.20pmill		
	

On	the	basis	of	this	magnitude	of	frequency	difference,	time	should	be	many	times	
shorter	in	duration	than	thyme!	(1000s	of	times	shorter?	three-quarters	as	short?)	
	

• this	magnitude	of	effect	is	not	reported	in	the	literature	
	

o why	not?	this	is	what	UBP	seems	to	actually	predict	
	

o the	effects	in	this	type	of	‘reduction-like’	synchronic	high-frequency	effects	are	
indeed	quite	tiny	(10s	of	milliseconds	or	Hertz)	

	

Can	this	kind	of	synchronic	high-frequency	effect	be	accommodated	in	a	model	

where	phonology	works	as	imagined	in	FP?	
	

• multiple	factors	can	affect	the	pronunciation	of	forms	coming	out	of	our	mouths	
	



Something	must	account	for	synchronic	high-frequency	effects		
	

• but	is	it	phonology?		
	

FP	needs	and	expects	there	to	be	a	module	(or	modules)	that	take	care	of	speech	
planning	and	speech	production		
	

• these	do	something	completely	different	to	phonology,	so	can	be	expected	to	be	of	a	
different	nature	

o phonology	accounts	for	phonological	processes,	neutralisations,	inventories,	
opacity,	phonotactics,	stress	assignment,	tone	patterning,	etc	

	

o speech	planning	and	production	prepare	the	body	for	articulation	and	execute	that	
articulation	

	

Zeng	et	al.	(2025)	set	out	“four	identifiable	stages”	of	the	“speech	production	process”:	

	

	
	

	

	
	

	

Goldrick	&	Blumstein	(2006)	talk	of:	 ‘phonological’	planning	 articulatory	implementation	

of� spreading� activation� from� [bed]� to� [bel],� only� the� reverse� (i.e.,�
spreading� activation� from� [bel]� to� [bed])� can� explain� the� faster�
naming� of� bed.� Regardless� of� the� modeling� details,� the� time�
it� takes� to� select� a� winner� is� linked� to� its� activation� level� (e.g.,�
Luce,� 1959).� Therefore,� the� faster� naming� of� bed� is� most� likely�
due� to� the� activation� boost� from� [bel].�

Y. Zeng et al. / Journal of Phonetics 112 (2025) 101428 3

Fig.� 1.� Processing� stages� involved� in� speech� production,� using� the� production� of� the� spoken� word� cat� in� a� naturalist� context� as� an� example.�

Indeed,� there� is� a� large� body� of� behavioral,� neuroimaging,�
and� electrophysiological� studies� that� report� the� co-activation�
of� non-target� representations� during� word� production,� and� the�
emerging� consensus� is� widespread� acceptance� of� cascading�
activation� between� stages� (Nozari� &� Pinet,� 2020).� In� a� more�
general� sense,� cascading� activation� allows� residual� informa-
tion� from� upstream� processing� to� show� up� in� downstream�
stages� (e.g.,� the� activation� of� /dɔɡ/� during� form� preparation�
reflects� the� earlier� competition� between� dog� and� cat� during� lex-
ical� selection).� Nevertheless,� the� link� between� psycholinguistic�
planning� and� speech� motor� control� is� still� frequently� modeled�
as� feed-forward� activation� of� syllabic� motor� plans� (Guenther,�
2016;� Levelt� et� al.,� 1999),� implying� a� potential� discrete� informa-
tion� flow.� Still,� there� is� emerging� evidence� for� word-level� motor�
plans,� in� line� with� cascading� activation� from� psycholinguistic�
planning� to� speech� motor� control.� For� example,� Zeng� et� al.�
(2025)� reported� strong� evidence� for� multisyllabic� motor� plans,�
likely� corresponding� to� words.� This� study� used� a� speech� sen-
sorimotor� adaptation� procedure� that� induces� real-time� pertur-
bations� to� speakers’� formants� so� they� hear� a� different� vowel�
quality� (e.g.,� “bed”� is� heard� more� like� “bad”);� over� repeated�
exposures,� speakers� adapted� to� counteract� the� perturbation�
(e.g.,� by� changing� the� production� of� “bed”� to� be� more� like�
“bid”).� Opposing� formant� perturbations� were� applied� to� the�
same� syllable� in� distinct� trisyllabic� words� (e.g.,� the� syllable�
“pe”� received� downward� F1� perturbation� in� “pedigree”,� but�
upward� F1� perturbation� in� “pedicure”);� speakers� adapted� sep-
arately� (i.e.,� by� producing� words� sounding� more� like� “padigree”�
and� “pidicure”).� This� differential� adaptation� strongly� suggests�
that� there� are� distinct� multisyllabic� speech� motor� plans,� likely�
corresponding� to� different� words� (“pedigree”� vs.� “pedicure”).� If�
speech� motor� plan� contains� information� about� individual�
words,� such� information� is� most� likely� to� have� cascaded� from�
upstream� psycholinguistic� planning;� a� discrete� transition� from�
psycholinguistic� planning� to� speech� motor� control� will� result�
in� abstract� syllable� sequences� devoid� of� word-level� informa-
tion,� and� such� abstract� sequences� will� have� identical� motor�
plans� for� the� syllable� “pe”� in� pedigree� and� pedicure.�

In� addition� to� the� co-activation� of� alternatives� and� the� pres-
ence� of� word-level� motor� plans,� evidence� for� cascading� activa-
tion� also� came� from� acoustic� analysis� of� speech� errors.�
Goldrick� and� Blumstein� (2006)� induced� speech� errors� using�

tongue� twisters;� acoustic� analysis� of� the� induced� speech� errors�
found� phonetic� traces� of� the� intended� targets.� For� example,�
when� /k/� was� mispronounced� as� [g],� the� voice� onset� time�
(VOT)� of� this� mispronounced� [g]� was� between� correctly� pro-
duced� [k]� and� [g],� suggesting� residual� phonetic� influence� from�
the� original� /k/� target.� This� blend� of� acoustic� properties� from�
multiple� candidate� representations� was� further� confirmed� in�
spontaneous� speech� errors� (Alderete� et� al.,� 2021).� Critically,�
cascading� activation� predicts� a� small� effect� size� of� incomplete�
neutralization.� In� speech� errors,� activation� of� the� non-target� [g]�
mistakenly� overrides� the� target� /k/,� but� residual� activation� of� the�
target� /k/� is� still� present� by� the� time� of� articulation,� leading� to� a�
small� divergence� from� an� ideal� [g]� (leaning� towards� the� target� /�
k/).� Likewise,� in� German� devoicing,� after� the� phonological�
operation� that� turns� an� underlying� /d/� to� a� surface� [t],� residual�
activation� of� the� underlying� /d/� is� not� entirely� eliminated,� result-
ing� in� a� small� acoustic� deviation� from� an� ideal� [t]� (in� the� direc-
tion� of� the� underlying� /d),� hence� the� small� size� of� incomplete�
naturalization.� In� essence,� residual� activation� (the� underlying�
representation� in� incomplete� neutralization� and� the� incorrectly�
missed� target� in� speech� errors)� should� result� in� weak� acoustic�
signals,� as� the� articulation� is� dominated� by� the� activation� of�
selected� representations� (the� surface� representation� in� incom-
plete� neutralization� and� the� mistakenly� selected� non-target� in�
speech� errors).�

Assuming� cascading� activation� in� the� entire� speech� produc-
tion� process,� we� hypothesize� that� residual� information� from�
upstream� processing� stages� could� drive� incomplete� neutraliza-
tion.� Instead� of� viewing� incomplete� neutralization� as� a� puzzle�
that� originated� from� the� transformation� from� abstract� phonolog-
ical� representations� to� more� fine-grained� phonetic� realizations,�
we� propose� that� cascading� activation� in� the� speech� production�
process� permits� continued� information� flow� from� upstream� rep-
resentations� to� downstream� acoustics,� resulting� in� distinct�
acoustic� realizations� in� different� lexical� items.� Specifically,� our�
working� hypothesis� is� that� incomplete� neutralization� is� primarily�
driven� by� the� cascading� activation� of� representations� directly�
involved� in� the� production� of� neutralization.�

In� principle,� multiple� representations� can� be� activated� within�
each� stage� identified� in� Fig.� 1.� During� conceptualization,� sur-
prise� may� take� over� the� naming� of� the� cat,� resulting� in� an� utter-
ance� of� “wow”.� During� lexical� selection,� “kitten”� may� be�
temporarily� activated,� and� spreading� activation� (primarily� medi-
ated� by� semantic� relatedness)� may� further� lead� to� the� activa-
tion� of� less� relevant� alternatives� such� as� “puppy”.� During�
form� preparation,� /kæt/� should� have� the� strongest� initial� activa-
tion,� but� spreading� activation� may� result� in� its� phonological�
neighbors� (e.g.,� /kæn/,� /kæp/,� /bæt/)� being� activated.� Although

Goldrick	&	Blumstein	(2006)	say,	further:	
	

	
	
‘Phonological	planning’	is	not	part	of	phonology,	but	is	the	part	of	speech	planning	
which	takes	a	phonological	representation	and	prepares	for	speech.	

	

What	kind	of	factors	affect	speech	planning	and	production?	
	

• many	factors	affect	this	process	
	

o these	depend	on	context,	and	have	nothing	to	do	with	phonology		
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INTRODUCTION

Most theories of single-word production assume three general stages of
post-semantic processing. We refer to the first stage as lexical selection; it
involves the selection of a word to express a nonverbal concept (e.g.,
selecting CALF to express ‘‘young bovine’’). This lexical representation
serves as input to phonological planning processes which specify the
appropriate sound sequence for this word (e.g., monosyllable, onset: /k/,
nucleus: /æ/, coda: /f/). Finally, articulatory implementation processes
execute the specified sound sequence (e.g., for onset /k/, elevating the
tongue body to create a closure on the soft palate while abducting the
vocal folds).

Although theories may differ in how each process is implemented, most
share these broad distinctions between lexical, phonological, and
articulatory processes (e.g., Dell & O’Seaghdha (1991) distinguish word,
phonological, and phonetic/articulatory representations). In the current
paper, we focus on these distinctions in order to explore how these
different types of processes interact. We use the term interaction to refer
to the degree to and manner in which two processing stages (i.e., two
processes or two distinct groups of processes) influence one another (see
Rapp & Goldrick (2000) for further discussion). At one end of the
spectrum of interactivity, processes have limited influence over one
another. A processing stage generates a single representation on the basis
of its input; this single output representation is then transmitted to
subsequent processing stages. For example, in such a system, lexical
selection processes generate a single word representation (e.g., CALF);
this single word is then transmitted to phonological planning processes
(generating /kæf/). We refer to this type of theory as a discrete account.

Beyond this discrete endpoint, processes can exhibit varying degrees of
interaction. One way to minimally increase interaction is to introduce
cascading activation between processes. Like a discrete system, cascading
activation allows for strictly forward flowing information through the
speech production system. Interactivity occurs by allowing an earlier
processing stage to generate multiple representations which are then
transmitted to subsequent processes downstream from it. For example,
during lexical selection processing of the target CALF, word-level
representations of semantic neighbours such as COW, CUB, LAMB,
FOAL would all be partially activated. Cascading activation would allow
these non-target word representations to partially activate their corre-
sponding phonological representations. Not only would CALF activate /æ/,
but COW and CUB would partially activate /aU/ and /ˆ/.

A good deal of recent psycholinguistic research has focused on whether
lexical selection and phonological planning interact discretely or via
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Conscious	knowledge	of	the	import	of	utterances	can	have	an	impact	
	

• Gahl	(2008)	discusses	material	which	demonstrates	this:	
	

	
	
It	seems	that	what	is	‘reduced’	(spoken	more	quickly)	is	a	whole	utterance	
	

• why?	because	the	utterance	we’ll	need	...	is	more	predictable	and	accessible		
	

o the	utterance	we’ll	knead	...	is	more	surprising	in	most	contexts	and	thus	needs	more	

time	(for	the	listener?)	to	process	(so	speakers	give	them	that	time)	
	

• a	prediction	on	this	basis	is:	we’ll	will	be	shortened	more	in	we’ll	need	the	watch	for	a	
few	hours	than	we’ll	knead	the	dough	for	five	minutes,	too	
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English. Therefore, supposed homophones can differ in pronunciation, in ways that
may reflect processes underlying language production.2

Based on frequency inheritance, one would expect low-frequency words with high-
frequency homophones to be as short as their high-frequency twins. Is this the case?
The experimental record on this question is mixed. A majority of studies of homophone
durations have so far failed to find differences in the durations of homophone pairs as
a function of frequency. Other studies, however, found duration differences in some
experiments, apparently varying with presentation order and context. Whalen (1991,
1996) found duration differences when homophones were presented in word lists with
the words grouped by frequency, but not when the same words were presented in mixed-
frequency lists. Similarly, Guion (1995) found that pairs of homophones differed in
duration when the words were embedded in constructed sentence pairs (such as We’ll
need the watch for a few hours, We’ll knead the dough for five minutes). When the
same words were read in generic carrier phrases (Say . . . to me again), however, there
was no significant difference in duration. Another study that did not report any signifi-
cant durational differences between homophone pairs is Cohn et al. 2005a,b, which
tested words in lists, as well as in constructed sentences, some of which were the same
as in Guion’s study.

It is not immediately clear why some experimental studies found homophones to
differ in duration while others did not. Small sample size may be one reason: the largest
sample studied experimentally was that of Whalen (1996), which included twenty-five
pairs. Guion (1995) and Cohn and colleagues (2005a,b) tested four and fourteen pairs,
respectively. Another problem is that experimentally observed word durations in part
reflect the mechanics of experimentation itself, such as presentation order, an issue I
return to in §7.1 below. What the experimental record does not show is whether homo-
phones come to sound different when grouped by frequency, or whether they become
more similar in generic carrier phrases or word lists. A way to address these questions
is to look at homophone durations in spontaneous speech.

A small number of studies have examined homophone durations in corpora of speech
in naturalistic settings. Lavoie 2002 examined the pronunciation of the words four and
for in read speech and in spontaneous speech. Although Lavoie reported shorter dura-
tions for the more frequent for than for the less frequent four, those differences may
be related to the prosodic environments of the two items in question, which affects the
contextual speaking rate. Indeed, Lavoie’s interpretation of the durational differences
is that they reflected effects of articulation in context, rather than differences in the
representation associated with each word.

Jurafsky et al. 2002 examined the durations of four ambiguous function words (to,
that, of, and you) in a subset of the Switchboard corpus of American English telephone
conversations. A subsequent study (Bell et al. 2003) examined the ten most frequent
English function words. Using multiple regression, Bell and colleagues controlled for
factors known to affect duration, such as speaking rate, segmental context, pitch accent,
and contextual predictability. Once these factors were controlled for, the frequency of

2 The editor points out that speakers could come to treat synchronic variation in the pronunciation of
homophone pairs as meaningful, along similar lines as speakers’ tendency to invest phonemically different
pronunciations of one and the same word with different meanings (e.g. vase rhyming with face or Oz when
referring to either ordinary household objects or valuable pieces of art). The words investigated by Nygaard
and colleagues may be moving along such a path. The important point for the current discussion is that the
pronunciation alternants in that study did not differ in phonemic content.

Gahl	(2008)	continues:	
	

	
	
A	prediction	on	this	basis	is:	bakers	in	a	bakery	will	say	we’ll	knead	the	dough	for	five	
minutes	faster	(so	words	will	have	shorter	durations)	than	non-bakers	on	the	street	
	

• the	context	of	an	utterance	is	crucial	to	how	fast	we	can	say	it	(and	real-world	
context	is	surely	not	a	phonological	factor)	

	

o this	feeds	into	the	planning	of	the	articulation	of	an	utterance	
	

• words	said	outside	of	a	context	(e.g.,	in	a	generic	carrier	phrase)	will	not	have	this	
effect	of	understandability-in-context	overlaid	on	them	during	speech	planning	

	

o there	will	be	more	influence	from	phonological	structures	in	that	case	
	

o context-type-factors	can	‘hide’	the	effect	of	phonology	
	
These	kinds	of	factors	are	very	‘unreliable’	–	we	might	expect	them	to	sometimes	

have	an	effect	and	sometimes	not	
	

• we	find	this	in	synchronic	high-frequency	effects:	they	are	only	present	sometimes	
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In this connection, it is interesting to note that Guion (1995) found durational differences
when homophones were embedded in full sentences, but not in generic carrier phrases.
This is consistent with a pattern in which experimental stimuli in meaningful contexts
display variation resembling that found in the corpus, whereas stimuli in generic carrier
phrases pattern more like word lists, which do not reliably give rise to differences in
homophone durations. The fact that such differences have been observed for single-
word production (Bonin & Fayol 2002, Whalen 1996) suggests that it cannot be entirely
due to accent placement or other aspects of language use in particular contexts.

Given that homophones differ in duration in our corpus of spontaneous speech, is
it possible to explain why experimental studies have not consistently found differences
in homophone durations? One possible explanation relates to presentation order. As
noted earlier, one study (Whalen 1996) found differences when homophones were
presented in word lists grouped by frequency, but not in mixed lists. Such an effect of
stimulus blocking is expected if lemma frequency affects durations: findings by Kello
and Plaut (2000, 2003) suggest an explanation for why frequency effects would be less
likely to surface in mixed word lists than in lists grouped by frequency. Kello and Plaut
show that subjects tend to read word lists at a regular pace, in effect setting themselves
a deadline for each item. For lists with high-frequency items, which subjects are able
to produce faster, that deadline is faster than for low-frequency items. In mixed lists,
subjects set themselves a generic deadline, which attenuates the effects of properties
of individual stimuli. The finding by Bonin and Fayol (2002) of faster picture-naming
latencies for high-frequency compared to low-frequency homophones in French may
lend itself to a similar explanation: Bonin and Fayol employed a between-subjects
design, in which some subjects saw only high-frequency items, and others only low-
frequency ones. Perhaps subjects in the picture-naming task tended to pace themselves
in a manner similar to that described by Kello and Plaut. If this is so, then one would
expect stronger effects of frequency when subjects see only high-frequency or only
low-frequency items than when stimuli are presented in mixed lists.

When one considers corpus evidence and experimental evidence together, it becomes
clear that differences in homophone duration in the corpus cannot solely be due to
these uncontrolled modulating factors, since they have also emerged when modulating
factors were controlled experimentally. Conversely, the fact that homophone pairs differ
in duration in naturalistic settings suggests that this effect is not entirely attributable
to the mechanics of experimentation, such as presentation order. At the methodological
level, then, our findings illustrate that corpora of spontaneous speech and controlled
experiments are two one-legged creatures that can usefully support one another.

8.2. DIFFERENCES IN HOMOPHONE DURATION AND EFFECTS OF FORM FREQUENCY. The
present findings pose a challenge to the claim made in Levelt et al. 1999 that word
frequency is a property of the phonological form, and not of the lemma. Recall that
this claim was motivated by the phenomenon of frequency inheritance, that is, the
observation that low-frequency words with high-frequency homophones behave in some
respects as though they were of high frequency (Dell 1990, Jescheniak & Levelt 1994).
There are at least three ways to reconcile the present findings with these seemingly
contradictory observations. The first is to note that frequency inheritance may in fact
have affected word durations in the corpus: the low-frequency words were longer than
their high-frequency twins, but perhaps they were shorter than they would be without
those twins. Unlike Jescheniak and Levelt’s experiments, this corpus-based study did
not include words without homophones as a control condition.



Another	possible	cause	of	effects	in	speech	planning	and	production	is	that	people	get	

‘better’	at	doing	things	the	more	they	do	them	
	

• speakers	of	English	will	have	said�wɒʔthaɪmɪzɪ	ʔ�	many	times,	and	will	have	said	
�adəsprɪɡəfthaɪm�		rarely	

	

o speakers	will	be	more	fluent	in	articulating	the	gestural	scores	that	our	articulators	
use	to	implement�wɒʔthaɪmɪzɪ	ʔ�	in	speech	–	more	fluent	=	quicker	

	

o that	includes	the	sequence�thaɪm�	–	a	linguist	can	segment	that	from	utterances,	and,	
if	taken	from�wɒʔthaɪmɪzɪ	ʔ�,	it	will	be	quicker	than�thaɪm�			from�adəsprɪɡəfthaɪm�			

	

Statistically	sophisticated	work	(e.g.,	Maslowski	2015)	has	shown	that:	
	

• ‘reduction’	effects	show	up	in	nonce	words	after	3	pronunciations		
	

• they	are	the	same	after	3	pronunciations	as	after	50	pronunciations	
	

• no	difference	in	reduction	occurs	in	the	speech	of	people	who	have	heard	a	nonce	
word	3	times	or	50	times	–	only	if	they	articulate	it	

	

o this	is	not	a	frequency	effect,	but	an	effect	of	getting	used	to	pronouncing	things	
	

o this	is	simply	like	getting	used	to	doing	the	actions	that	we	use	to	drive	a	car	
	
We	get	better	at	the	‘speech	production’	of	some	gestural	scores	–	better	=	quicker.	

If	this	approach	is	right	...	
	

• pairs	of	words	like	time	and	thyme	are	homophones	at	the	end	of	phonology:	[thaɪm]	
	

• however,	sometimes	they	will	not	be	pronounced	with	the	same	duration,	due	to	
factors	related	to	speech	planning	and	production	

	
When	UBP	analysts	acknowledge	that	we	still	need	to	be	able	to	account	for	all	the	things	

that	phonology	has	typically	accounted	for,	it	is	quite	common	to	find	claims	like	this:	
	

• from	Pierrehumbert	(2006)	
	

	
	

Do	we	need	‘hybrid’	models	of	phonology	combining	FP-like	analysis	with	exemplar-
type	UBP	analysis?	
	

• or	do	we	just	need	phonology	+	speech-planning-and-production?	
	

o we	need	phonology	+	speech-planning-and-production	anyway	to	account	for	
patterns	in	data	–	why	add	in	exemplars?	

	

representation for sequential encoding, thus supporting dissociations of form and meaning, XOR interactions,
Fast Mapping, and many other classic hallmarks of phonology. They do not provide a full answer to the
scientific characterization of the phonological coding level because they have difficulties with large-scale
gradient dependencies. One example, discussed Pierrehumbert (1993), concerns the effects of post-nuclear
position on the phonetic properties of words. If a speaker shifts towards a soft, breathy voice quality over an
entire string of words in post-nuclear position, this will affect the measurable properties of all the phonemes in
the sequence. The same problem occurs in a different guise when dealing with sociostylistic shifts. For either
case, the challenge for the future is to develop models that can shift the use of the parameter space over some
temporal interval, while still exploiting the lexical representations and phonological structures that are still
present, though manifested in a different way.

Hybrid models also promise to provide technical resources needed for a theory of historical change. They
can capture changes involving within-level dynamics (for any level). Equally, they can describe changes
involving vertical dynamics (reinterpretion of superficial patterns in terms of the representational apparatus of
more abstract levels). The existence of changes that are both lexically and phonetically gradual, is not
surprising, given that phonetic distributions for specific words can be defined in the model. However, the
behavior of the entire perception-production system is structured by the phonological coding levels.

In summary, the traditional arguments for a phonological level of representation are valid. We need
phonology to explain basic findings in the structure of the lexicon, psycholinguistics, and historical change.
The first and simplest exemplar models provided a valuable challenge to the field by revealing the weak points
of neo-generative approaches to sociophonetic variation. However, the future lies with hybrid models, which
have multiple levels of representation (like neo-generative models) while also having explicit mechanisms for
statistical learning and situational indexing (like exemplar models).

4. Learning and frequency in the cognitive system

One of the original motivations for exemplar theory was its natural treatment of effects of frequency, which
are pervasive in language processing. For example, high frequency words are recognized faster and under
more adverse signal conditions than low frequency words. High-frequency phonotactics speeds lexical access.
The frequency bias in perception means that infrequent phonemes can only survive if they are robustly distinct
from high frequency competitors; otherwise, the frequency differences are magnified through use and the
weaker member of the competitor tends to be lost historically.

Such effects are naturally captured in exemplar models through the very processes of encoding and memory.
More frequent categories acquire a more substantial cognitive representation, simply because tokens of these
categories are (by definition) encountered more often. Thus, the representation of frequency is intrinsic to the
processing in the system, and no special mechanisms need to be posited. Frequent categories are advantaged in
speech perception, because speech perception involves competition amongst alternative classifications of the
same physical stimulus. This competition plays out in exemplar theory through the cumulative force of the
exemplars in the similarity neighborhood of the stimulus; if there are more exemplars, the cumulative force
obviously tends to be greater. Warren, Hay, and Thomas (forthcoming) rely on this property in their exegesis
of a frequency bias in the original SQUARE-NEAR data set.

Exemplar models involving multiple levels of representation or types of indexing naturally have frequency
effects everywhere. In the phonological area, they make it possible to discuss the frequencies of different
parametric outcomes, of different prosodic or segmental configurations, of categorically distinct representa-
tions of words, or of different words competing in the analysis of the same signal. They also make it possible to
talk about the amount of experience with different speakers or social groups. Further, the frequencies relating
to the perceptual system are not necessarily the same as those relating to production. Native listeners have
experience perceiving more different dialects or idiolects than they ever undertake to produce. Even when they
have mastered different sociostylistic systems in production, their intention to perform the various styles can
have very different statistics from the frequencies with which they encounter these styles as listeners.

A not uncommon criticism of exemplar models is that the frequency effects are excessive, with the models
predicting that more frequent means more, period. However, this is not actually a generic prediction of
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mammary and artillery , the modal outcome is a schwa plus /r/. Another example is provided
by so-called t/d-deletion, which is widely acknowledged to be a case of variable undershoot of the
coronal articulation of the /t/ or /d/. Bybee (2000) found that deletion – defined as the inability of
the transcriber to hear the stop on a tape-recording – is more prevalent in high-frequency words than
in low-frequency words. The set of double-marked past tense verbs (such as told and left) provides
a way to control for the morphological factors which could play a part in this pattern. Within
the set of double-marked pasts alone, Bybee’s data showed a statistically significant relationship of
word frequency to the rate of /t/ deletion, with the most frequent word (told ) having /d/ deleted in
68% of cases while the least frequent (meant ) never had the /t/ deleted. Further documentation of
the association between word frequency and leniting historical change is provided in Phillips (1984,
this volume).

Although these frequency effects will be the main focus in this paper, is is also important to
acknowledge that word-specific allophony has been found in a number of other situations as well.
For example, Yaeger-Dror and Kemp (1992) and Yaeger-Dror (1996) demonstrate that words in a
particular cultural/semantic field in Montreal French have resisted a historical shift in the vowel
system and as a result display idiosyncratic vowel quality. Hay (2000) also presents data relating
degree of morphological decomposibility to degree of /t/ lenition in words such as ”shiftless”.

These results challenge standard models of phonology and phonetics at two levels. First, in all
standard models, the lexicon is distinguished from the phonological grammar. The exact phonetic
details of a word’s pronunciation arise because the word is retrieved from the lexicon, and processed
by the rules or constraints of the grammar whose result (the surface phonological form of the word)
is fed to a phonetic implementation component. The phonetic implementation component computes
the articulatory and/or acoustic goals which actualize the word as speech. The phonetic implemen-
tation component applies in exactly the same way to all surface phonological representations, and
the outcome depends solely on the categories and prosodic structures displayed in those represen-
tations. As a result, there is no way in which the phonetic implementation can apply differently to
some words than to others. If a phonetic implementation rule is variable and gradient, then the same
probability distribution of outcomes would arise for all words which meet the structural description
of the rule. This generic feature of modular generative models with phonetic implementation rules
is developed at more length in Pierrehumbert (1994).

A second challenge arises from the fact that the differential phonetic outcomes relate specifically
to word frequency. Standard generative models do not encode word frequency. They treat the word
frequency effects which are so pervasive in experiments involving priming or lexical decision tasks
as matters of linguistic performance rather than linguistic competence. Thus the intrusion of word
frequency into a traditional area of linguistics, namely the conditioning of allophony, is not readily
accommodated in the classical generative viewpoint.

If each word corresponded to a completely idiosyncratic phonetic signal, then results such as
Bybee’s could be readily formalized in a highly transparent scientific model. We would simply
assume that holistic gestural or acoustic templates are associated with word meanings. The real
challenge arises from the fact that the classical view does provide important insights about the
mental representation of phonology. Although a word may have idiosyncratic phonetic properties,
it is perceived as made up of units of sound structure which are also shared with other words. The

2

What	about	the	claims	that	...	
	

There	is	no	easy	way	to	express	the	fact	that	these	phenomena	seem	to	affect	some	

words	more	than	others	in	a	formal/generative	grammar	

• Pierrehumbert	(2001)	claims	that	this	could	have	substantial	implications:	
 

 
	

	
	

	

	
	

	

	
	

	
	
This	is	a	strawman	
	

• (informed)	FP	does	not	claim	that	only	phonology	determines	what	comes	out	of	
speakers’	mouths	

	

o speech-planning-and-production	is	complex,	taking	phonological	representations	
as	a	starting	point,	but	also	being	influenced	by	context	in	multiple	ways	

Du	&	Durvasula	(2024)	are	clear	about	this:	
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[all things being equal12] clauses are not exceptions, but the rule in science’.13

He further argues that only a ‘dogmatic falsificationist’ would interpret incon-
sistency between a specific scientific theory and facts as falsification of the
theory. Unfortunately, this is exactly what has happened in the case of argu-
ments against abstract/discrete representations, despite the original proponents
being rather clear that their conception of the classic generative phonology
view had an implicit all things being equal clause attached to it.
So, whence does the difference in the two views of generative phonology

come? We suspect that the common strawman view of discrete representa-
tions arose from a misunderstanding of the classic claim that phonology is
a feedforward system, which means that there is no feedback from perform-
ance systems back to phonology. However, this term has been misunderstood
to mean that only the output of phonology affects phonetics, that is, perform-
ance is sensitive only to the output of phonology. In this latter view, generative
phonology is viewed as a sort of production system, which is contrary to the
original claims of generative phonologists. Relatedly, researchers already wor-
ried (in the 1970s) about the term generative grammar being misunderstood
along the above lines.

There seems to be considerable confusion on this issue, due mainly, we
believe, to a misinterpretation of the term ‘generative’ (as in ‘generative
grammar’, ‘generative phonology’) as meaning ‘creating’, ‘bringing about’.
It is this misinterpretation that gives rise to views of competence as merely
idealized performance, or of performance as an additional component of a
grammar. (Hammarberg 1982, p. 135)
It is important to interpret the term generate in a static, rather than a

dynamic, sense. The statement that the grammar generates a particular sen-
tence means that the sentence is one of the totality of sentences that the gram-
mar defines to be grammatical or well formed. All the sentences are gener-
ated, as it were, simultaneously. The notion of generation must be interpreted
as would be a mathematical formula containing variables. For example, in
evaluating the formula y2+y for different values of y, one does not say
that the formula itself generates these variant resultant values (2, when y
= 1; 5, when y = 2; etc.) one after another or at different times; one says
that the formula generates them all simultaneously, or better still perhaps,
timelessly. The situation is similar for a generative grammar. Although one
sentence rather than another can be derived on some particular occasion by

12 Added by the current authors.
13 Note, this is in effect no different from a physicist arguing that the effect of a gravitational force

(or space-time curvature in more modern conceptions) is that of attraction – this prediction is
only true all things being equal. If, however, there is a repulsive magnetic force also present,
then the prediction is clearly not true. We use this example from physics simply because we
believe our target audience is likely to be familiar with such a straightforward case.
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What	should	we	conclude?	
	

In	terms	of	diachrony,	frequency	effects	are	a	red-herring	
	

• they	either	don’t	exist	or	are	expected	by	both	approaches	
	

o there	is	not	firm	evidence	for	segmental-type	high-frequency	effects	
	

There	are	diachronic	low-frequency	effects		
• but	this	doesn’t	prove	anything	in	terms	of	the	nature	of	phonology		
	
The	evidence	for	diachronic	high-frequency	effects	is	not	compelling,	and	there	and	
there	is	evidence	against	them	

• so	this	doesn’t	prove	anything	in	terms	of	the	nature	of	phonology		
	

In	terms	of	synchrony,	frequency	effects	are	complicated	
	

• synchronic	frequency	effects	seem	robustly	to	exist	in	speech,	but	are	not	
supportive	of	UBP,	and	are	a	facet	of	speech,	not	phonology		

	

What	should	we	conclude?	
	

The	two	basic	approaches	to	phonology	make	different	predictions	in	terms	of	what	

should	occur	in	the	relationship	between	frequency	and	phonology	
	

1.	Diachronic	low-frequency	effects	should	exist	in	A-changes	

• UBP		 -	yes	 ü	
• FP		 -	yes	 ü	
	
2.	Diachronic	high-frequency	effects	should	always/ever	exist	in	N-changes	
• UBP		 -	yes	 û	
• FP		 -	no		 ü	

	
3.	Synchronic	high-frequency	effects	should	exist	in	speech	

• UBP		 -	yes	 ü	(?)	
• FP		 -	yes	 ü	
	

	

=		 Frequency	effects	in		
	 phonological	change	

	 favour	formal	phonology		

	

Number	of	valid	predictions:	
	

UBP:	 2		(1½?)	

FP:	 3	

	
Number	of	falsified	predictions:	
	

UBP:	 1	

FP:	 0	

	


