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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?	
	

1.	What	do	we	know	about	phonological	change?	
	

It	is	not	difficult	to	find	people	saying	that	we	know	things	like	the	following:	

	

Shetewi	(2018,	188)		

	

	

	

	

	

Van	Epps,	Carling	&	Sapir	(2021,	297)	

	

	
	

	

	

	
	
These	claims	are	being	reported	here	as	well-known	facts	or	things	that	have	been	
shown	beyond	doubt	to	be	true	
	

=	 «	the	frequency	of	use	of	lexical	items	determines	the	extent	to	which	they	are		

							affected	by	change	at	the	phonological	level	»	
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6.2.7 Summary and Discussion of (θ) results   

 

Results on the variation of (θ) show that the local variant is the most common option for the 

majority of participants. It is most used in the picture task at 81.9%, closely followed by the 

interview with the local speaker at 77.1%, as the standard variant overlaps with the local 

pronunciation. It was least used in the interview with the urban speaker at 54.3% indicating a 

high level of accommodation towards the urban interviewer.  

 

Results also showed that the variable is lexically conditioned. Numerals two, three, eight and 

their derivations were categorically realized with [t] throughout the data, regardless of age, 

gender or context. It is interesting that this only applies to these numbers in their cardinal form, 

as they are mostly realized with [θ] in their ordinal form. Similar conditioning was found in the 

case of (ð) above, where certain lexical items were almost invariably realized with [z]. These 

lexical items were found to be very frequent in the data. They made up 13.38% of the total 

number of (θ) tokens and 38.1% of all tokens realized with [t]. This pattern is, therefore, likely 

to be a result of frequency that leads to lexical diffusion (Chen 1972). Research on frequency 

shows that phonological changes affect the most frequent words faster than less frequent ones 

(Bybee & Scheibman 1999; Bybee 2002). Frequency has been viewed as a factor in lexical 

diffusion (Bybee 2002; Phillips 2006), and acquisition and learning (Tomasello 2009). Habib 

(2010a) reports on the role of frequency in the acquisition of the prestigious urban [ʔ] as a 

realization of (q) by rural migrants in Homs noting that frequency in this context is a facilitating 

factor for a socially-motivated change, but frequency itself is not the cause of such change.  

 

15-17  male  Interview  61 SA [θ] 61 100% 100.00 .00 
Urban [t] 0 0 .00 .00 

 Picture task 24 SA [θ] 24 100 100 .00 
Urban [t] 0 0 .00 .00 

female  Interview  109 SA [θ] 105 96.3% 96.83 4.18 
Urban [t] 2 1.8% 1.70 1.99 
Urban [s] 2 1.8% 1.47 2.94 

 Picture task  24 SA [θ] 24 100% 100 .00 
Urban [t] 0 0 .00 .00 
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likelihood to change (p=.004 for frequency in Norwegian, and p=.048 for 
frequency in Swedish).16 As predicted, words with a higher frequency tend 
to be more resistant to change. When we compare the mean frequencies of 
the change cognates versus the stable cognates, a clear difference can be 
seen in Norwegian (see figure 2 below): 61.4 for change cognates versus 
72.7 for stable cognates. In Swedish, the difference is less pronounced: 55.2 
for change cognates versus 57.9 for stable cognates. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Mean log-transformed frequency 

for stable and change cognates in Norwegian and Swedish. 
 
It is well-known that while phonological change affects the most frequent 
lexical items first, analogical change tends to affect the most infrequent 
lexical items first. According to Bybee (2007:23–24), this is because the 
two types of changes spread through the lexicon in different manners. 
Phonological changes are driven by phonetic processes. Since these 
processes occur in casual speech, phonological change affects first those 
lexical items that are most frequent in casual speech. In contrast, 
analogical change affects less frequent lexical items in a language. When 
it comes to infrequent lexical items, speakers may be less certain of the 
correct form. In the absence of a clear choice, speakers associate the less 
frequent lexical item with a more frequent item that is phonologically, 

 
16 Frequency distributions tend to be highly skewed, and a solution to this is to 
log-transform the frequencies (Baayen 2008:100). We checked the distribution in 
our data to ensure this was the case. 
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It	is	also	not	difficult	to	find	people	saying	things	like	the	following:	
	

Bybee	(2007,	5)	
	

	
	

Gahl	(2008,	491)		
	

	
	

And	also	...	Phillips	(2006,	various-pages)		
	
“frequency	effects	can	most	easily	be	described	within	a	usage-based	network	

model	such	as	that	espoused	in	Bybee	(2001).	[...]	A	usage-based	model	

incorporating	exemplar	theory	[...]	is	designed	to	incorporate	performance	directly	

into	input.	[...]	this	theory	posits	that	speakers/listeners	have	stronger	

representations	for	items	they	have	heard	frequently	than	for	items	they	have	

encountered	infrequently	[...]	the	phonological	representation	in	a	usage-based	

model	is	based	on	the	detailed	memory	traces”	

1. Background

A newcomer to the field of linguistics might be surprised to learn that for most of the
twentieth century facts about the frequency of use of particular words, phrases, or
constructions were considered irrelevant to the study of linguistic structure. To the
uninitiated, it does not seem unreasonable at all to suppose that high-frequency words
and expressions might have one set of properties and low-frequency words and ex-
pressions another. So how is it that so many professional linguists for so many decades,
maybe even centuries, have missed (or perhaps avoided) this basic point?

One factor is that frequency effects tend to be observable at the level of the in-
dividual word or expression, while linguists have tended to focus their interest on
the broader patterns of structure and the more abstract and generalized categories.
While language is full of both broad generalizations and item-specific properties,
linguists have been dazzled by the quest for general patterns. Of course, the abstract
structures and categories of language are fascinating. But I would submit that what
is even more fascinating is the way that these general structures arise from and inter-
act with the more specific items of language use, producing a highly conventional
set of general and specific structures that allow the expression of both conventional
and novel ideas.

In terms of the history of the field, one can see not just the glamour but also the
utility of generalization as the basis of the Neogrammarian doctrine. Many sound
changes turn out to be completely regular in the sense that they affect all the words
of a language with the relevant phonetic environment. This fact is interesting in its
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frequency effects. Frequent items give rise to a greater number of exemplars, or else
to exemplars that have been activated more frequently.

The shortening of frequent forms can be conceptualized as follows in an exemplar-
based model. Compared to low-frequency words, high-frequency words are more likely
to shorten due to a range of factors: high-frequency words are accessed faster, tend to
be more predictable in discourse, elicit weaker articulatory effort, may benefit from
articulatory routinization, and so on. All of these factors conspire to change the distribu-
tion of exemplars representing high-frequency lemmas so as to include a relatively
greater number of short tokens—and thus shorten the average duration. This change
in the distribution leads to a gradual change in articulatory target, a process that contrib-
utes to further shortening: subsequent productions are increasingly likely to be short.

8.5. DIFFERENCES IN HOMOPHONE DURATION AND THE PLACE OF FREQUENCY IN THE

LEXICON. The finding that shortening takes into account information about the identity
of a lemma calls into question the suggestion (made, for example, in Newmeyer 2006)
that the shortening of frequent forms is analogous to practice effects in motor skills or
neuromotor fluency. As mentioned in the introduction, Bybee (2001) similarly cites
‘neuromotor fluency’ as the mechanism for reductive change. The present findings
suggest that form frequency, or the frequency of particular combinations of segments,
is insufficient for predicting which forms shorten. Instead, lemma frequency, that is,
frequency indexed by information about a word’s meaning and syntactic properties, is
a determinant of word duration. This means that the shortening of frequent forms is
not purely the result of increased motor fluency.

The notion that frequent forms shorten as a result of increased motor fluency has
been shared across a wide spectrum of opinions. As unfortunate as it may seem that
this widely shared notion turns out to be untenable, the hope is that recognizing the
limited role of articulatory fluency in shortening of frequent forms will aid an increased
understanding of the relationship between language usage and linguistic representation.

Despite the emphasis in some usage-based accounts (such as Bybee 2001) on articula-
tory routinization, it is clear that that work is in fact consistent with the findings pre-
sented here: for example, a number of such accounts (Bybee 2002a,b) clearly entail
that reduction processes are word-specific and context-specific. More fundamentally,
the usage-based work of Bybee and others shares with the current work the view that
frequency shapes linguistic knowledge profoundly and affects all aspects of language
production and comprehension.

9. CONCLUSION. One motivation for Levelt and colleagues’ (1999) decision to pro-
pose the phonological form as the sole locus of frequency information in the lexicon
was parsimony. On the face of it, a model that includes only one locus of frequency
information appears simpler than one that includes multiple loci for such information.
However, I agree with the observation that ‘parsimony cannot be assumed to be a
property of the language system; it is only something to which accounts of its underlying
principles aspire’ (O’Seaghdha 1999:51). The underlying principle of recognizing that
frequency may shape every aspect of language and speech is simple.
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Claims	like	these	are	reported	as	uncontroversial,	as	well-known	facts	or	things	that	
have	been	shown	beyond	doubt	to	be	true	...	
	
«	the	frequency	of	use	of	lexical	items	determines	the	extent	to	which	they	are		

							affected	by	change	at	the	phonological	level	»	
	
	«	frequency	effects	are	most	compatible	with	usage-based	phonology	»	
	
	

...	but	I	aim	to	persuade	you	here	that	they	are	(mostly	and	importantly)	wrong.	

	

	

In	order	to	figure	out	what	is	going	on,	we	will	need	to	consistently	bear	in	mind	a	

number	of	questions:	
	

• what,	exactly,	do	different	phonological	models	predict	in	terms	of	frequency	effects?	
	
	

• what	data	is	relevant	to	understanding	whether	there	are	frequency	effects?	
	
	

• is	a	particular	phonological	generalisation	a	diachronic	or	synchronic	fact?	
	
	

• what	do	we	mean	by	‘phonological	change’?	
	

	



What	do	we	mean	by	‘phonological	change’?	
	

We	can	distinguish	between	two	types	of	ways	in	which	phonological	forms	can	change	
	

(i)	 change	in	phonological	forms	which	is	phonologically	conditioned	–	‘sound	change’	
	

(ii)	 change	in	phonological	forms	which	is	not	phonologically	conditioned	–	analogy,	

levelling,	borrowing	...	
	
Most	discussion	of	historical	phonology	considers	changes	of	type	(i)	–	for	example	...	
	

(i)	 palatalisations,	vowel	shifts,	stress	shifts,	diphthongisations,	unroundings,	

spirantisations,	i-umlaut,	Grimm’s	Law,	the	High	German	Consonant	Shift,	etc	
	

	 k	>	t͡ʃ						u	>	y						p,	t,	k	>	f,	θ,	x						i,	e	>	aɪ,	i						i,	u	>	aɪ,	aʊ						y,	ø	>	i,	e				etc	
	

o the	Neogrammarians	argued	that	such	changes	apply	across	the	board		
(‘the	Exceptionlessness	Hypothesis’)				–			 PIE	[pods]		>		PGmc	[fots]		‘foot’	

–	such	changes	affect	segments		 PIE	[porkoos]		>		PGmc	[farhaz]		‘pig’	
	

	
...	but	changes	of	type	(ii)	are	common	in	the	history	of	languages,	too	

• what	do	they	look	like?	
	

	 OE	[koren]		>		PDE	[t͡ʃoːzen]	 ‘chosen’	
	

• are	these	diachronic	differences	due	to	changes	like	these	...?			

k	>	t͡ʃ	

r	>	z	/	V__V	 	 –	did	these	changes	affect	segments?	

No!	These	changes	between	the	OE	and	PDE	are	due	to	analogical	levelling	
	

• in	order	to	understand	this,	we	need	to	consider	the	word’s	morphological	paradigm		
	

o e.g.,	in	some	forms	of	the	verb	choose	the	non-initial	consonant	in	OE	was	/r/		
	

o it	is	now	/z/	because	of	analogical	paradigm	levelling	(the	initial	C	has	had	the	same	kind	of	thing)	
	

o =	the	change	is	due	to	the	influence	of	other	forms	of	the	same	morpheme:	 	 	
	

	
	

• in	OE,	there	was	a	sibilant	in	most	forms	(including	the	most	frequent	forms),	so	a	
sibilant	was	assumed	to	be	the	‘right	consonant	to	use’	in	past	forms,	too	
	

o this	also	happened	in	the	2nd-sing-past	–	forms	used	elsewhere	in	the	paradigm	
replaced	the	2nd-sing-past	form	

	

o this	is	thus	not	a	‘sound	change’	–	it	is	not	a	regular	phonological	change	–	but	it	is	a	
change	that	affected	the	phonology	of	relevant	forms	
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We	can	see	this	is	we	consider	the	OE	paradigm	of	the	verb:	
	

	 	 OE	 ModE	
	 infinitive	 ceosan	 choose	
	 1st-person	singular	past	 ceas	 chose	 the	/r/	in	OE	is	actually	due	to	an	
	 2nd-person	singular	past	 cure	 chose	 ancient	change	which	included	
	 3rd-person	singular	past	 ceas	 chose	 s	>	r	/	V__V	(this	was	constrained		
	 plural	past	 curon	 chose	 so	that	it	only	applied	to	some	
	 present	participle	 ceosende	 choosing	 occurrences	of	/s/,	as	in	Verner’s	Law)	
	 past	participle	 (ge)coren	 chosen	
	

• there	was	a	sibilant	in	most	forms	(including	the	most	frequent	forms)	in	OE,	so...	
• a	sibilant	was	assumed	to	be	the	‘right	consonant	to	use’	in	past	forms,	too	=	analogy	
o the	sibilant	was	analogised	into	the	past	participle	in	order	to	regularise	the	paradigm	
• NB:	the	word	form	used	for	the	2nd-sing-past	was	lost,	and	the	form	used	for	the	3rd-sing-

past	began	to	be	used	instead	for	the	2nd-sing-past	as	well	as	for	the	3rd-sing-past	
o this	is	thus	not	a	‘normal’	phonological	change	–	the	morphological	word-forms	involved	

are	a	crucial	aspect	of	the	understanding	of	the	change	
o this	is	an	A-change,	not	an	N-change	
	

This	is	indeed	not	a	regular	change	–	it	did	not	happen	in	all	verbs	that	used	to	have	an	
alternation	between	/r/	and	/z/	
• forms	of	the	verb	that	is	now	be	had	the	same	alternation	in	OE,	but	this	paradigm	has	not	levelled:	
	

	 	 	 	 	 	 OE	 	 ModE	
	 1st-person	singular	past	 	 wæs	 	 was	
	 2nd-person	singular	past		 wære	 	 were	
	 3rd-person	singular	past		 wæs	 	 was	 	
	 plural	past	 	 	 wæron		 were	
	

Analogy	(a	type	of	A-change)	is	inherently	tied	to	specific	words	(or	morphemes)	
• analogy	is	inherently	lexical	
o we	expect	analogy	to	occur	in	specific	words/morphemes	and	not	in	all	words	that	have	

the	same	phonological	environment		
	

	

What	about	this	case...?	
	

	 [hilpθ]	 >	 [hɛlps]		 ‘helps’	
	

The	same	kind	of	story	holds	here:	
• this	is	not	due	to	an	N-change	of	the	type		i	>	ɛ	
o (a	similarly	non-phonological	story	can	be	told	about	the	fact	that	the	OE	form	had	final	[θ]	

and	the	PDE	form	has	final	[s]	–	this	is	due	to	a	morphological	change)	
	

To	understand	the	vowel	change,	we	need	to	consider	the	paradigm	of	the	verb	in	OE,	as	
given,	for	example,	in	Wyatt	(1926)	
	

The	Present-Day	English	form	[hɛlps]	owes	
its	vowel	to	paradigm	levelling		
• the	majority	of	present-tense	forms	had	a	

mid	vowel	in	OE,	and	therefore	that	was	
assumed	to	be	the	‘right	vowel	to	use’	in	
2nd	and	3rd	p-sing-pres	forms,	too	

o the	allomorphy	that	used	to	give	a	
distinct	vowel	in	the	2nd	and	3rd	sing-
pres	forms	was	lost	and	the	general	base	
form	(found	in	other	present-tense	
forms)	was	used	instead	

	



This	is	indeed	not	a	regular	change	–	it	did	not	happen	in	all	verbs	that	used	to	have	
an	alternation	between	/r/	and	/z/	
	

• forms	of	the	verb	that	is	now	be	had	the	same	alternation	in	OE,	but	this	paradigm	has	
not	levelled:	

	 	
	
Analogy	is	inherently	tied	to	specific	words	(or	morphemes)	–	it	is	inherently	lexical	
	

• it	is	not	note-worthy	if	analogy	does	not	occur	in	all	words	that	have	the	same	
phonological	environment		

	

	

It	is	thus	indeed	common	to	distinguish	two	fundamental	types	of	change:	
	

(i)	 phonologically	conditioned	change	=	‘normal’	phonological	change	=	‘sound	change’	
	 		 	 –	N-changes	(‘neogrammarian’,	‘natural’	changes)	
	

(ii)	 not	phonologically	conditioned	change	in	phonological	forms:	analogy,	borrowing		
	 		 	 –	A-changes	(‘analogy’,	‘alles	andere’)	

	 10	

We	can	see	this	is	we	consider	the	OE	paradigm	of	the	verb:	
	

	 	 OE	 ModE	
	 infinitive	 ceosan	 choose	
	 1st-person	singular	past	 ceas	 chose	 the	/r/	in	OE	is	actually	due	to	an	
	 2nd-person	singular	past	 cure	 chose	 ancient	change	which	included	
	 3rd-person	singular	past	 ceas	 chose	 s	>	r	/	V__V	(this	was	constrained		
	 plural	past	 curon	 chose	 so	that	it	only	applied	to	some	
	 present	participle	 ceosende	 choosing	 occurrences	of	/s/,	as	in	Verner’s	Law)	
	 past	participle	 (ge)coren	 chosen	
	

• there	was	a	sibilant	in	most	forms	(including	the	most	frequent	forms)	in	OE,	so...	
• a	sibilant	was	assumed	to	be	the	‘right	consonant	to	use’	in	past	forms,	too	=	analogy	
o the	sibilant	was	analogised	into	the	past	participle	in	order	to	regularise	the	paradigm	
• NB:	the	word	form	used	for	the	2nd-sing-past	was	lost,	and	the	form	used	for	the	3rd-sing-

past	began	to	be	used	instead	for	the	2nd-sing-past	as	well	as	for	the	3rd-sing-past	
o this	is	thus	not	a	‘normal’	phonological	change	–	the	morphological	word-forms	involved	

are	a	crucial	aspect	of	the	understanding	of	the	change	
o this	is	an	A-change,	not	an	N-change	
	

This	is	indeed	not	a	regular	change	–	it	did	not	happen	in	all	verbs	that	used	to	have	an	
alternation	between	/r/	and	/z/	
• forms	of	the	verb	that	is	now	be	had	the	same	alternation	in	OE,	but	this	paradigm	has	not	levelled:	
	

	 	 	 	 	 	 OE	 	 ModE	
	 1st-person	singular	past	 	 wæs	 	 was	
	 2nd-person	singular	past		 wære	 	 were	
	 3rd-person	singular	past		 wæs	 	 was	 	
	 plural	past	 	 	 wæron		 were	
	

Analogy	(a	type	of	A-change)	is	inherently	tied	to	specific	words	(or	morphemes)	
• analogy	is	inherently	lexical	
o we	expect	analogy	to	occur	in	specific	words/morphemes	and	not	in	all	words	that	have	

the	same	phonological	environment		
	

	

What	about	this	case...?	
	

	 [hilpθ]	 >	 [hɛlps]		 ‘helps’	
	

The	same	kind	of	story	holds	here:	
• this	is	not	due	to	an	N-change	of	the	type		i	>	ɛ	
o (a	similarly	non-phonological	story	can	be	told	about	the	fact	that	the	OE	form	had	final	[θ]	

and	the	PDE	form	has	final	[s]	–	this	is	due	to	a	morphological	change)	
	

To	understand	the	vowel	change,	we	need	to	consider	the	paradigm	of	the	verb	in	OE,	as	
given,	for	example,	in	Wyatt	(1926)	
	

The	Present-Day	English	form	[hɛlps]	owes	
its	vowel	to	paradigm	levelling		
• the	majority	of	present-tense	forms	had	a	

mid	vowel	in	OE,	and	therefore	that	was	
assumed	to	be	the	‘right	vowel	to	use’	in	
2nd	and	3rd	p-sing-pres	forms,	too	

o the	allomorphy	that	used	to	give	a	
distinct	vowel	in	the	2nd	and	3rd	sing-
pres	forms	was	lost	and	the	general	base	
form	(found	in	other	present-tense	
forms)	was	used	instead	

	

2.	What	are	frequency	effects?	
	

Here’s	a	possible	definition	of	‘phonological	frequency	effect’:	
	

• a	phenomenon	which	is	relevant	to	phonology	in	some	way,	the	patterning	of	which	
is	affected	by	lexical	token	frequency		

	

o this	allows	in	principle	for	both	diachronic	and	synchronic	frequency	effects	
	

One	thing	to	be	clear	about:	
	

• we’re	talking	about	token	frequency	–	not	type	frequency	
	

o token	frequency	is	sometimes	called	‘text	frequency’	
	

o that	is:	we’re	talking	about	the	frequency	of	occurrence/use	of	words	in	texts	
	

‘Type	frequency’	refers	to	the	number	of	distinct	entries	in	the	lexicon	that	feature	a	

particular	structure	(whereas	token	frequency	refers	to	language	use)	
	

• e.g.,	how	many	instances	of	a	type	exist	in	a	language	(e.g.,	ablauting	past	tenses)		
	

o type	frequency	is	not	governed	by	usage	
	

• the	existence	of	type-frequency-effects	would	not	raise	the	same	issues	for	formal	
phonology	as	token-frequency-effects	–	distinct	items	in	the	lexicon	exists	in	all	models	

	
We	have	just	seen	several	claims	implying	that	(token)	frequency	effects	are	pervasive	
	

• is	this	true?		
	

• should	we	draw	such	far-reaching	implications	for	our	understanding	of	language?	



Phillips	(2006)	is	a	volume	dedicated	to	documenting	diachronic	frequency	effects:	
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therefore be rephrased as a claim that we can detect change in progress
in synchronic states by comparing outputs or products of variation
in present-day states of language.

So when we look below at data about phonetically gradual changes, we
will actually be looking at the outputs of synchronic variation. And we
will find that determining the phonetic environments which impact
the change does not solve the actuation problem of why this change
occurred when it did nor does it fully explain the implementation
problem – what drives this change to be diffused through similar pho-
netic environments, through the population of speakers, and through
the lexicon. But it should shed some light on the paths through which
a sound change is implemented in the lexicon.
This chapter, then, looks closely at the lexical diffusion patterns

of phonetically gradual changes and examines their implications for
a usage-based theory of language. The chapter first considers pho-
netically gradual changes that have affected the most frequent words
first, starting with vowel and consonant reduction and deletion, since
those processes have been most heavily investigated in this regard, and
proceeding to assimilations and vowel shifts. The second half of the
chapter reviews phonetically gradual sound changes that have affected
the least frequent words first: /g/-deletion in Southern American English,
the twelfth-century unrounding of English /À(8)/, and the late Old
English lengthening of vowels before homorganic consonant clusters.

3.1 Gradual changes affecting the most frequent words
first

Gradual changes which affect the most frequent words first include
vowel and consonant reductions and deletions, assimilations, and vowel
shifts. Each type is exemplified below.

3.1.1 Vowel reductions and deletions

Jespersen (1909–49, Part I: 256) was perhaps the first to note that word
frequency could affect the reduction of vowels in unstressed syllables in
words like career, tradition, grammarian: “Before consonant groups, [x]
may also be heard: ambition. campaign, etc., though [>] is very frequent
indeed, at any rate in the interior of a sentence. The less colloquial a word
is, the oftener the full vowel is retained, as in campestral. sanguineous.
spasmodic.” Fidelholz (1975) later examined the reduction of vowels in

Phillips	(2006)	uses	‘Coronal	Stop	Deletion’	(CSD)	

to	show	an	example	of	a	frequency	effect	

• she	describes	this	in	a	section	headed	thus	–	
clearly	invoking	diachrony 

Phillips	(2006)	discusses	the	following	kind	of	data	to	exemplify	‘deletions’	
	

• in	Dutch,	there	is	variation	between	realisations	of	words	like	those	below,	in	which	
forms	with	a	final	coronal	stop	following	another	consonant	occur	alongside	forms	

without	the	coronal	stop	–	Phillips	describes	this	as	a	case	of	Coronal	Stop	Deletion	(CSD)	
	
	

	

	

• so	...	Phillips	assumes	that	there	has	been	a	CSD	change	of	this	type:	t	>	Ø	/	s,	x__#	
	

o we	expect	variation	when	a	change	is	being	implemented		
	

–	so	...	what’s	interesting	here?	

! 3!

Bybee!and!Phillips!both!use!Coronal!Stop!Deletion!as!a!clear!example!of!a!frequency!effect!
• in!several!languages,!including!(American)!English,!there!is!variation!between!realisations!

of!words!like!those!below,!in!which!forms!with!a!final!coronal!stop!following!another!
consonant!occur!alongside!forms!without!the!coronal!stop:!
!
English:!
told! [toʊld]! [toʊl]!
held! [hɛld]! [hɛl]!
felt! [fɛlt]! [fɛl]!
built! [bɪlt]! [bɪl]!
sent! [sɛnt]! [sɛn]!
meant! [mɛnt]! [mɛn]!
lent! [lɛnt]! [lɛn]!
kept! [kɛpt]! [kɛp]!
slept! [slɛpt]! [slɛp]!
left! [lɛft]! [lɛf]!
lost! [lɑst]! [lɑs]!

!

Dutch:!!
kiest! [kiːst]! [kiːs]!
danst! [dɑnst]! [dɑns]!
wast! [wɑst]! [wɑs]!
wist! [wɪst]! [wɪs]!
moest! [muːst]! [muːs]!
buigt! [bœyxt]! [bœyx]!
lacht! [lɑxt]! [lɑx]!
bracht! [brɑxt]! [brɑx]!
krijgt! [krɛixt]! [krɛix]!
vliegt! [fliːxt]! [fliːx]!
mocht! [mɔxt]! [mɔx]!
zegt! [zɛxt]! [zɛx]

!
The!effect!of!word!frequency!can!be!seen!in!such!data!as!the!following!(from!Phillips,!2006),!
showing!which!words!show!the!deletion!of!word!final![t]!or![d]!
• in!the!English!data,!the!rule!is:!t,d!→!ø!/!C__#!
• in!the!Dutch!data,!the!rule!is:!t!→!ø!/!s,x__#!
o the!changes!involved!are!the!introduction!of!these!variable!processes!

!

!



Phillips	claims	that	the	interest	lies	in	a	

correlation	between	the	commonness	of	the	

form	without	a	coronal	stop	and	the	

frequency	with	which	those	words	are	used,	

as	in	the	following	data	
	
	

• CELEX	=	a	frequency	database,	based	on	a	
corpus	of	42,380,000	(written)	words	

	

o the	figures	for	frequency	given	here	are	
‘raw	word-form	frequencies’	=	the	

number	of	times	each	word	occurs	in	the	

CELEX	corpus	
	

	

This	shows	a	correlation,	at	least	for	one	

environment:	/x	__		
	

• NB:	the	frequency	with	which	different	
words	are	used	increases	gradiently	

	

o we	should	expect,	therefore,	if	frequency	
really	is	driving	phonology,	that:	

	

• the	proportion	of	deletion	should	
follow	this	gradient	increase		

CELEX	frequency	counts	for	first	20	of	the	words	in	Phillips’	list	are	as	follows:	

• frequency	increases	gradiently	
	

	



Percentage	occurrence	of	forms	without	a	CS	(“deletion	of	/t/”)	in	those	same	words:	

• deletion	increases	gradiently	
	

	

From	this	data,	it	looks	that	there	is	a	correlation	between	the	frequency	with	which	

words	are	used	by	speakers	and	how	commonly	forms	occur	without	coronal	stops	
	

• if	so:	something	which	is	specific	to	individual	lexical	items	–	their	frequency	of	
occurrence	–	influences	the	extent	to	which	they	engage	in	a	phonological	phenomenon	

	

o =	a	‘frequency	effect’	in	a	segmental	change	
	

	

	



for	and	four	are	‘not	homophones’	
	

Another	type	of	relevant	phenomenon	has	been	argued	for,	in	part	following	Lavoie	

(2002)	–	this	kind	of	idea	has	become	influential	in	some	psycholinguistic	work	
	

• this	strand	of	work	focuses	on	the	pronunciation	of	whole	words		
	

o Lavoie	compared	two	(AmEng)	words:	for	and	four	
	
	

Some	relevant	measurements	consider	the	duration	of	chunks	of	speech	
	

• such	durations	can	be	massively	variable		
	

o just	one	example	of	this:	the	phrase	‘I	see’	varied	in	the	same	elicitation	task	between		
110	ms	and	446	ms	(Maslowski	2015	–	not	a	novel	observation,	but	overtly	discussed)	

	

	

	

	

	

	

	

	
	

What	determines	this	variation?	Is	token	frequency	ever	relevant	...?		

• NB:	frequency	cannot	be	relevant	in	Maslowski’s	data	

for	and	four	are	‘not	homophones’	
	

Another	example	of	a	relevant	phenomenon	has	been	claimed	by	Lavoie	(2002)		
	

• this	strand	of	work	focuses	on	the	pronunciation	of	whole	words		
o two	words	(from	AmEng)	were	compared	by	Lavoie:	for	and	four	
	
Some	relevant	measurements	involved	consider	the	duration	of	chunks	of	speech	
	

• such	durations	are	massively	variable:	‘I	see’	in	an	elicitation	task	110	ms	vs	446	ms	
	

o Maslowski	(2015)	shows	some	of	this	in	terms	of	variation	in	the	pronunciation	of	the	
phrase	‘I	see’	in	an	elicitation	task:	
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or infrequent (n = 240), occurring 3 times. Words were produced with ultimate stress (n = 216) 

or penultimate stress (n = 192), and they either had a homophone twin (n = 352), or no 

homophone twin (n = 56) (when participant made a contrast in the production condition). 

Additionally, two training-level variables were included, namely condition (i.e. learning through 

perception or production) and test time. The first test sessions took place immediately after 

initial learning, and the second test sessions followed the second training sessions after a week 

delay. Participants learnt each word through either production (n = 240) or perception (n = 240) 

in both of two sessions. Lastly, speech rate was included as an individual-level variable in the 

models, because the number of reduction processes grows as speech rate increases (Lacheret-

Dujour 1991). Speech rate values of I see ranged from 110 msec. to 446 msec. (M = 287.3, SD = 

77.8). Spectrograms of these two extreme durations are shown in Figure 6. Figure 7 below also 

illustrates that speech rate values varied greatly, both intra-speaker and inter-speaker. Random 

factors in the study were participant and item, as they were both randomly selected from the full 

population. 

Model development and statistical analyses were carried out in R, using the lmer 

function of the lme4 package (Bates 2010). Models were built and tested for each of the 

dependent variables word duration, stressed syllable duration, unstressed syllable duration, 

stressed vowel duration, unstressed vowel duration, and log-spectral values (logF1Diff and 

logF2Diff) of full vowels. First, for each dependent variable a full model was built with a 

reduced random effect structure, including all fixed effects for intercept and slope, potential 

fixed effect interactions, and quadratic terms, as well as random effects for intercept and slope. 

Quadratic terms are usually included to indicate if the relationship between the dependent and 

an independent variable increases or decreases over time. In this study, a quadratic term was 

included for speech rate to ascertain whether the impact of speech rate was different in the first 

Figure 6: Spectrograms of the two productions of I see with the most extreme durations in test 

sentences spoken by two different participants. On the left, the shortest production of I see (110 

msec.) is visible; on the right, the longest production of I see is shown (446 msec.). 

!
The	strand	of	work	relevant	here	

assumes	things	like	the	following:	
	

• the	shortening	of	words	is	sometimes	
described	as	‘reduction’	

	

o more	frequent	words	are	claimed	to	
reduce	more	than	less	frequent	words		

	

o =	a	‘frequency	effect’	in	word	pronunciation	
	

Lavoie	(2002,	197)	writes:	
	

	
	
	

Realization of for and four 197

transcribing the dialogues, it was very easy to understand what the speakers meant by these
reductions. Although it is tempting to state that the rime can only be lost if the resulting
cluster is licit, there are counterexamples. While for + Jennifer would clearly not reduce to
∗fJennifer, it does seem possible to reduce for + Amanda to fmanda, losing the unstressed
initial vowel and yielding an illicit fricative + nasal onset.

6 A continuum of realizations rather than a choice between allomorphs
The words for and four share the full citation form, [fO®], but their ranges of realization in the
Map Task do not completely overlap. The preposition has a range of very minimal realizations
that are not attested or probably even acceptable realizations of the number. Table 15 compares
the observed realizations of for and four as a pair of continua, with the minimal observed
realizations at the top and the maximal at the bottom. The continua overlap somewhat in the
longer realizations. While there were no realizations of for as [fO®] in the Map Task, many
such forms occurred in the laboratory speech and so the form is included in the continuum.

The most reduced forms represent the minimum possible surface evidence for the word
and the most elaborated forms represent what is probably a hyperform, something that might
be used with a non-native speaker or with someone hard of hearing. In the cases of for and
four, the continuum for each of the words ends at a hyperform with a full tense vowel /o/.
The continuum begins with just the onset /f/ for the preposition, but there is no such reduced
version of the number.

The differences between the two continua could result from factors other than inherent
differences between the two words. Frequency and numbers of tokens examined might have
an effect. Of the two words, for is the more frequent, with 8996 occurrences of for in Francis
& Kučera (1982) compared to just 360 occurrences of four in the same corpus. Keeping with
the generalization from historical linguistics that more common words tend to shorten, the
more frequent word might simply show shorter realizations. The wider range of realizations
of for in the Map Task could be attributed to the larger sample size of for, which included
30 tokens, as opposed to 19 tokens of four. It is doubtful, however, that a larger sample would
include sufficiently reduced realizations of the number to rival the preposition. Realizations
of the number four always seem to have more segmental material, even in cases where the
number is highly predictable, such as in the sequence three, four, five. The highly predictable
contexts are where words usually show the greatest reduction. The number four never reduces
to just its onset /f/, as the preposition for may do, nor does the number ever completely lack
evidence of a coda /r/.

The continua in table 15 are intended to be more than simply a columnar representational
variant of lists of function word allomorphs. While the realizations of for and four in (7) and
(8) below can be represented as Jurafsky et al. (1998) represent other function words, lists of

Table 15 Continua of realizations of for and four.

for four

f
f´
f„
f„…
f! f!

f!®
fO® fO®
fo® fo®

1::7�
  .�2���0 ������	 
��������������������32�1/.��5325/�� ������2.0/��52�/��2: ���/��

Realization of for and four 197

transcribing the dialogues, it was very easy to understand what the speakers meant by these
reductions. Although it is tempting to state that the rime can only be lost if the resulting
cluster is licit, there are counterexamples. While for + Jennifer would clearly not reduce to
∗fJennifer, it does seem possible to reduce for + Amanda to fmanda, losing the unstressed
initial vowel and yielding an illicit fricative + nasal onset.

6 A continuum of realizations rather than a choice between allomorphs
The words for and four share the full citation form, [fO®], but their ranges of realization in the
Map Task do not completely overlap. The preposition has a range of very minimal realizations
that are not attested or probably even acceptable realizations of the number. Table 15 compares
the observed realizations of for and four as a pair of continua, with the minimal observed
realizations at the top and the maximal at the bottom. The continua overlap somewhat in the
longer realizations. While there were no realizations of for as [fO®] in the Map Task, many
such forms occurred in the laboratory speech and so the form is included in the continuum.

The most reduced forms represent the minimum possible surface evidence for the word
and the most elaborated forms represent what is probably a hyperform, something that might
be used with a non-native speaker or with someone hard of hearing. In the cases of for and
four, the continuum for each of the words ends at a hyperform with a full tense vowel /o/.
The continuum begins with just the onset /f/ for the preposition, but there is no such reduced
version of the number.

The differences between the two continua could result from factors other than inherent
differences between the two words. Frequency and numbers of tokens examined might have
an effect. Of the two words, for is the more frequent, with 8996 occurrences of for in Francis
& Kučera (1982) compared to just 360 occurrences of four in the same corpus. Keeping with
the generalization from historical linguistics that more common words tend to shorten, the
more frequent word might simply show shorter realizations. The wider range of realizations
of for in the Map Task could be attributed to the larger sample size of for, which included
30 tokens, as opposed to 19 tokens of four. It is doubtful, however, that a larger sample would
include sufficiently reduced realizations of the number to rival the preposition. Realizations
of the number four always seem to have more segmental material, even in cases where the
number is highly predictable, such as in the sequence three, four, five. The highly predictable
contexts are where words usually show the greatest reduction. The number four never reduces
to just its onset /f/, as the preposition for may do, nor does the number ever completely lack
evidence of a coda /r/.

The continua in table 15 are intended to be more than simply a columnar representational
variant of lists of function word allomorphs. While the realizations of for and four in (7) and
(8) below can be represented as Jurafsky et al. (1998) represent other function words, lists of

Table 15 Continua of realizations of for and four.
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transcribing the dialogues, it was very easy to understand what the speakers meant by these
reductions. Although it is tempting to state that the rime can only be lost if the resulting
cluster is licit, there are counterexamples. While for + Jennifer would clearly not reduce to
∗fJennifer, it does seem possible to reduce for + Amanda to fmanda, losing the unstressed
initial vowel and yielding an illicit fricative + nasal onset.

6 A continuum of realizations rather than a choice between allomorphs
The words for and four share the full citation form, [fO®], but their ranges of realization in the
Map Task do not completely overlap. The preposition has a range of very minimal realizations
that are not attested or probably even acceptable realizations of the number. Table 15 compares
the observed realizations of for and four as a pair of continua, with the minimal observed
realizations at the top and the maximal at the bottom. The continua overlap somewhat in the
longer realizations. While there were no realizations of for as [fO®] in the Map Task, many
such forms occurred in the laboratory speech and so the form is included in the continuum.

The most reduced forms represent the minimum possible surface evidence for the word
and the most elaborated forms represent what is probably a hyperform, something that might
be used with a non-native speaker or with someone hard of hearing. In the cases of for and
four, the continuum for each of the words ends at a hyperform with a full tense vowel /o/.
The continuum begins with just the onset /f/ for the preposition, but there is no such reduced
version of the number.

The differences between the two continua could result from factors other than inherent
differences between the two words. Frequency and numbers of tokens examined might have
an effect. Of the two words, for is the more frequent, with 8996 occurrences of for in Francis
& Kučera (1982) compared to just 360 occurrences of four in the same corpus. Keeping with
the generalization from historical linguistics that more common words tend to shorten, the
more frequent word might simply show shorter realizations. The wider range of realizations
of for in the Map Task could be attributed to the larger sample size of for, which included
30 tokens, as opposed to 19 tokens of four. It is doubtful, however, that a larger sample would
include sufficiently reduced realizations of the number to rival the preposition. Realizations
of the number four always seem to have more segmental material, even in cases where the
number is highly predictable, such as in the sequence three, four, five. The highly predictable
contexts are where words usually show the greatest reduction. The number four never reduces
to just its onset /f/, as the preposition for may do, nor does the number ever completely lack
evidence of a coda /r/.

The continua in table 15 are intended to be more than simply a columnar representational
variant of lists of function word allomorphs. While the realizations of for and four in (7) and
(8) below can be represented as Jurafsky et al. (1998) represent other function words, lists of

Table 15 Continua of realizations of for and four.

for four

f
f´
f„
f„…
f! f!

f!®
fO® fO®
fo® fo®
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The	duration	of	for	and	
four	can	be	the	same	
• but	for	often	has	a	
shorter	realisation	

• four	never	has	the	
shortest	realisations	



Differentiating	between	imaginable	types	of	frequency	effects	
	

(i)	In	work	on	frequency	effects,	two	types	are	often	recognised:	
	

		frequency	effects	

	

	

	

	

‘high-frequency	effects’	

• the	most	frequent	words	engage	
		most	in	some	phonological	behaviour	

• a	promoting	effect	of	frequency	

‘low-frequency	effects’	

• 	the	least	frequent	words	engage	
		most	in	some	phonological	behaviour	

• a	conserving	effect	of	frequency		

The	two	cases	that	we	have	just	seen	both	involve	high-frequency	effects	

• ‘Coronal	Stop	Deletion’	is	assumed	by	Phillips	to	affect	more	frequent	words	more	
than	it	affects	low-frequency	words	

• word-duration	reduction	is	considered	by	Lavoie	as	possibly	affecting	more	
frequent	words	more	that	it	affects	low-frequency	words		

	
(ii)	On	the	basis	of	these	two	phenomena,	we	can	also	differentiate	between:	

• segmental-category	type	effects		
• whole	word	effects		

We	will	consider	another	‘type’	later:	‘categorical	frequency	effects’	

What	might	low-frequency	effects	be?				1:	English	preterites	
	

Practically	all	English	verbs	form	their	past	tense	in	a	phonologically	transparent	way	
	

• with	the	suffix	matching	the	voicing	of	a	preceding	segment:	
	
I	pay	 I	paid	 I	rub	 I	rubbed	 I	pick	 I	picked	
[peɪ]	 [peɪd]	 [rʌb]	 [rʌbd]	 [pɪk]	 [pɪkt]	 	
	

I	fill	 I	filled		 I	ease	 I	eased	 I	heap	 I	heaped	
[fɪl]	 [fɪld]	 [iːz]	 [iːzd]	 [hiːp]	 [hiːpt]	

	

I	slam	 I	slammed		 I	heave	 I	heaved	 I	miss	 I	missed	
[slam]	 [slamd]		 [hiːv]	 [hiːvd]	 [mɪs]	 [mɪst]	

	

Some	forms	show	an	extra	vowel	
	

• the	precise	nature	of	the	vowel	varies	from	accent	to	accent	
	

o but	its	presence	is	phonologically	predictable:	it	occurs	if	a	verb’s	base	ends	in	/t/	or	/d/	
	
I	heat	 I	heated	 I	heed	 I	heeded	
[hiːt]	 [hiːtɪd]	 [hiːd]	 [hiːdɪd]	
	
	

This	is	the	kind	of	patterning	that	is	often	
assumed	to	be	due	to	phonological	rules	(or	
their	equivalent)	
• voicing	assimilation	
• coronal-coronal-stop-disrupting	epenthesis	



However,	several	verbs	form	their	preterite	in	an	‘irregular’	way:	
	

   present   past         present   past 
I	drive	 I	drove	 	aɪ	 	 	oʊ	 	 	 	 I	know	 I	knew	 		oʊ		 			ɪʊ	 	

I	write		 I	wrote	 	aɪ	 	 	oʊ	 	 	 	 I	grow	 I	grew	 		oʊ		 			ɪʊ	 	
	
I	shoot	 I	shot	 	uː	 	 	ɒ	

I	choose	 I	chose	 	uː	 	 	oʊ	
	
If	we	go	back	to	Old	English,	the	situation	is	somewhat	different	
	

• there	were	several	‘classes’	of	strong	verbs,	which	followed	the	same	ablaut	patterns	
	

o most	common	verbs	fitted	into	one	of	these	classes	
	

 	

If	we	go	back	to	Old	English,	the	situation	is	different.	
• there	were	several	‘classes’	of	strong	verbs,	which	followed	the	same	ablaut	patterns	
	
‘Class	I’	
	
I	drive	 I	drove		 ModE	
ic	drīfe	 ic	drāf		 OE	
	
I	write		 I	wrote	 ModE	
ic	wrīte	 ic	wrāt		 OE	
	
I	bide	 I	bided		 ModE	
ic	bīde	 ic	bād	 	 OE	
	
I	sneak	 I	sneaked	 ModE	
ic	snīce	 ic	snāc		 OE	
	
	

‘Class	II’	
	
I	shoot	 I	shot	 	 ModE	
ic	scēote	 ic	scēat	 OE	
	
I	choose	 I	chose		 ModE	
ic	cēose	 ic	cēas		 OE	
	
I	shove	 I	shoved	 ModE	
ic	scūfe	 ic	scēaf	 OE	
	
I	float	 I	floated	 ModE	
ic	flēote	 ic	flēat		 OE	
	
	

‘class	VII’	
	
I	know	 I	knew		 ModE	
ic	cnāwe	 ic	cnēow	 OE	
	
I	grow	 I	grew	 	 ModE	
ic	grōwe	 ic	grēow	 OE	
	
I	sow	 I	sowed	 ModE	
ic	sāwe	 ic	sēow	 OE	 	
	
I	flow	 I	flowed	 ModE	
ic	flōwe	 ic	flēow	 OE	
	

‘Class	II’	
	
I	shoot	 I	shot	 	 ModE	
ic	scēote	 ic	scēat	 OE	
	
I	choose	 I	chose		 ModE	
ic	cēose	 ic	cēas		 OE	
	
I	shove	 I	shoved	 ModE	
ic	scūfe	 ic	scēaf	 OE	
	
I	float	 I	floated	 ModE	
ic	flēote	 ic	flēat		 OE	
	
	

‘class	VII’	
	
I	know	 I	knew		 ModE	
ic	cnāwe	 ic	cnēow	 OE	
	
I	grow	 I	grew	 	 ModE	
ic	grōwe	 ic	grēow	 OE	
	
I	sow	 I	sowed	 ModE	
ic	sāwe	 ic	sēow	 OE	 	
	
I	flow	 I	flowed	 ModE	
ic	flōwe	 ic	flēow	 OE	
	

28 BACKGROUND AND CURRENT CONTEXT

In the left-hand column are strong verbs that remained strong; in the right-hand
column are strong verbs that lost the vocalic alternation. I used all the verbs that Sweet
listed under each class, except, of course, the verbs that do not survive in Modern
English. The results overwhelmingly bear out the hypothesis; in fact, the frequency
differences are so great that I am certain an expanded corpus would produce the same
results.

Let me comment briefly on a few details: (1) In Class I, shine is not classified,
because as an intransitive verb it has, presumably, the past tense and past participle
shone; but as a transitive verb, it is weak and has the past tense and past participle
form shined. (2) In Class VII, weep and leap are considered to be leveled, despite the
lax vowels occurring in wept and leapt, because this lax vowel is a result of an early
Middle English vowel shortening (Moore 1968, 67) and is not the same as the ablaut
found in the Old English strong verbs.

A problem with the results displayed in table 2.3 is that the frequency count used
was based on Modern English, but the analogical leveling took place sometime dur-
ing the last ten centuries. However, since the results show such a striking difference

TABLE 2.3. Frequency of Leveled versus Unleveled Old English
Strong Verbs

Strong Verbs
Strong Verbs That Have Become Weak

Class I
*drive 208 *bide 1
*rise 280 *reap 5
*ride 150 *slit 8
*write 599 *sneak 11
*bite 128 Partially leveled

   *shine 35

Average frequency 273.00 Average frequency 6.25

Class II
*choose 177 *rue 6
*fly 119 *seethe 0
*shoot 187 *smoke 59
*lose 274 *float 23
*flee 40 *shove 16

Average frequency 159.40 Average frequency 32.50

Class VII
*fall 338 *wax 19
*hold 498 *weep 31
*know 1227 *beat 96
*grow 257 *hew 1
*blow 81 *leap 42

*mow 1
Average frequency 473.80 sow 3

*flow 95
*row 53

Average frequency 37.89

Between	OE	and	PDE,	there	has	been	a	lot	of	change	in	the	phonological	forms	of	preterites	
	

• many	verbs	that	were	‘strong’	now	pattern	as	regular	verbs	
	

e.g.,	 bād	[baːd]	 >	 	bided	[baɪdɪd]	 	 	 sēow	[seːo]	 >			sowed	[soʊd]	
	

	

	

Hooper/Bybee	(1976,	2001)	

has	often	argued	that	the	

regularisation	changes	affect	

infrequent	verbs	before	

frequent	verbs		

• the	numbers	are	frequency	
counts	(for	PDE)	

	
	



Hooper	(1976)	writes	...	
	

	

		 	
	

This	table,	adapted	from	Coetzee	(2007),	includes	some	of	the	figures	Bybee	refers	to	

	

	

	

	

	

28 BACKGROUND AND CURRENT CONTEXT

In the left-hand column are strong verbs that remained strong; in the right-hand
column are strong verbs that lost the vocalic alternation. I used all the verbs that Sweet
listed under each class, except, of course, the verbs that do not survive in Modern
English. The results overwhelmingly bear out the hypothesis; in fact, the frequency
differences are so great that I am certain an expanded corpus would produce the same
results.

Let me comment briefly on a few details: (1) In Class I, shine is not classified,
because as an intransitive verb it has, presumably, the past tense and past participle
shone; but as a transitive verb, it is weak and has the past tense and past participle
form shined. (2) In Class VII, weep and leap are considered to be leveled, despite the
lax vowels occurring in wept and leapt, because this lax vowel is a result of an early
Middle English vowel shortening (Moore 1968, 67) and is not the same as the ablaut
found in the Old English strong verbs.

A problem with the results displayed in table 2.3 is that the frequency count used
was based on Modern English, but the analogical leveling took place sometime dur-
ing the last ten centuries. However, since the results show such a striking difference

TABLE 2.3. Frequency of Leveled versus Unleveled Old English
Strong Verbs

Strong Verbs
Strong Verbs That Have Become Weak

Class I
*drive 208 *bide 1
*rise 280 *reap 5
*ride 150 *slit 8
*write 599 *sneak 11
*bite 128 Partially leveled

   *shine 35

Average frequency 273.00 Average frequency 6.25

Class II
*choose 177 *rue 6
*fly 119 *seethe 0
*shoot 187 *smoke 59
*lose 274 *float 23
*flee 40 *shove 16

Average frequency 159.40 Average frequency 32.50

Class VII
*fall 338 *wax 19
*hold 498 *weep 31
*know 1227 *beat 96
*grow 257 *hew 1
*blow 81 *leap 42

*mow 1
Average frequency 473.80 sow 3

*flow 95
*row 53

Average frequency 37.89
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in frequency between leveled and nonleveled forms, I do not think a more accurate
frequency count would alter the general picture. A way to avoid this problem would
be to study modern leveling. One case I have investigated involves the six verbs creep,
keep, leap, leave, sleep, and weep, all of which have a past form with a lax vowel
(due to the Middle English laxing mentioned earlier). Of these verbs, three, creep,
leap, and weep, all may have, at least marginally, a past forms with a tense vowel,
creeped, leaped, and weeped. The other three verbs are in no way threatened by lev-
eling; past forms *keeped, *leaved, *sleeped are clearly out of the question. Now
consider the frequency differences among these verbs, in table 2.4. Again the hy-
pothesis that less frequent forms are leveled first is supported.

3. Implications for the source of change

Of course I have not examined enough data to produce strong statistical support for
the two tendencies upon which I will base my theoretical speculations, but this small
body of data satisfies me that the intuitions of linguists over the years have been
essentially correct: phonetic change tends to affect frequent words first, while ana-
logical leveling tends to affect infrequent words first. The implication of this differ-
ence is that phonetic change and analogical change must be treated differently in both
diachronic theory and synchronic theory.

With regard to theories of diachronic change, I would like to explore the im-
plications of the reverse tendencies for theories concerning the source of linguistic
change. I will argue that since the two types of change diffuse through the lexicon
in opposite manners, we must posit two different sources for these two types of
change.

One hypothesis about the source of linguistic change, which I will call the im-
perfect learning hypothesis, holds that a language is changed in the process of being
transmitted from one generation to the next. This view has been proposed by Halle
(1964), Kiparsky (1968), King (1969), Stampe (1969, 1973), and others. One point
of view, stated in Kiparsky (1970), is that analogical change comes about as the
result of overgeneralization on the part of children acquiring their language. This
claim is quite plausible: the similarities between children’s overgeneralization and
analogical levelings are quite striking and familiar. The tendency I have discussed
here concerning the lexical diffusion of analogical change fits in quite well with
the imperfect learning hypothesis. If children are going to get away with any
overgeneralization, it is more likely to be in infrequent forms, where it will not be
noticed so much. If they are going to learn any suppletive paradigms, these will

TABLE 2.4. Modern English Leveling

Not Subject to Leveling Subject to Leveling

*keep 531 *creep 37
*leave 792 *leap 42
*sleep 132 *weep 31

! 6!

In!fact,!linguists!like!Bybee!argue!that!we!need!to!recognise!two!types!of!frequency!effect:!
!

frequency!effects!
!
!
!
!

‘high!frequency’!effects!
• a!promoting!effect!of!frequency!!
• the!most!frequent!words!engage!
in!some!phonological!behaviour!

!

‘low!frequency’!effects!
• !a!conserving!effect!of!frequency!!
• the!least!frequent!words!engage!
in!some!phonological!behaviour!

The!cases!of!Coronal!Stop!Deletion!shown!above!are!cases!of!‘high!frequency’!effects!
!

Low!frequency!effects!are!apparent!in!other!types!of!changes:!
• eg,!the!regularisation!of!strong!past!tense!forms!affects!infrequent!verbs!before!frequent!

verbs,!as!Hooper!(1976),!Bybee!(2001)!has!often!explained!(this!table!is!adapted!from!
Coetzee,!2007)!

!
Less$likely$to$regularize! More%likely%to%regularize!

Present! Raw$frequency! Present! Raw$frequency!
keep! 348! creep! 19!
leave! 345! leap! 20!
sleep! 106! weep! 22!
drive! 174! dive! 32!

!
This!connects!with!other!changes!that!we!have!considered!!
• Diatonic!Stress!Shift,!considered!last!week,!is!well!know!to!have!been!lexically!gradual!
o it!is!not!exceptionless!
• but,!more!than!this:!the!“words!which!have!undergone!the!Diatonic!Stress!Shift!have!lower!

frequency!than!those!which!have!not”!(Sonderegger!2010)!
o DSS!also!shows!a!low!frequency!effect!
!
Work!which!focuses!on!frequency!effects!places!great!store!on!the!argument!that!lexical!
diffusion!is!not(sporadic!in!terms!of!which!words!it!affects,!but!is!predictable!from!the!
frequency!with!which!speakers!use!the!words!affected!
• or,!rather,!from!speakers’!knowledge!of!the!frequency!of!occurrence!of!words!in!

utterances!
o there!have!been!several!efforts!to!identify,!on!a!non>arbitrary!basis,!which!types!of!

changes!will!have!‘high!frequency!effects’!and!which!will!have!‘low!frequency!effects’!

What	might	low-frequency	effects	be?						2:	Diatonic	Stress	Shift	
	

Chen	&	Wang	(1975)	and	Phillips	(2006)	consider	a	phonological	change	that	they	

describe	as	the	emergence	of	‘diatonic	pairs’	in	English	
	

• this	is	also	known	as	Diatonic	Stress	Shift		
	

o ‘diatones’	are	noun-verb	pairs	which	contrast	in	their	stress	pattern,	such	as:		
cónvictN		 ~	 convíctV	
récordN		 ~	 recórdV	
éxportN		 ~	 expórtV	

	

• ‘monotones’	are	noun-verb	pairs	which	don’t	vary	in	their	stress	pattern,	such	as:		
contrólN		 ~			 contrólV	
assáultN		 ~			 assáultV	

	

The	number	of	diatonic	pairs	has	increased	over	several	centuries		
	

• the	change	involves	in	the	creation	of	diatones	from	monotones	
	

o in	monotonic	pairs,	both	have	the	stress	pattern:	σσ� 	
	

o in	DSS,	σσ� V	stays	as	σσ� V,	but	σσ� N	>	σ� σN	 	 		

	

Before	the	change,	both	forms	of	these	verbs	had	final	stress:	prefix,	discount,	export,	contract	
	

• they	are	now	diatonic,	but	many	similar	forms	are	not:	assault,	dislike,	exchange,	control	
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FIGURE 2. Increase in number of diatonic N-V homographs as a function of time (based on 
Sherman 1973). Only disyllabic pairs are counted. 

HOMOGRAPHIC 

N-V PAIRS TOTAL ISOTONIC DIATONIC % OF DIATONES 

DISYLLABIC 1,315 1,165 150 11 
POLYSYLLABIC 442 372 70 16 
TOTAL 1,757 1,537 220 13 

TABLE 3. English diatones (based on Sherman 1973). 

applied those resources toward the solution of a central issue in the theory of 
sound change. A similar approach has been used in reconstructing chronological 
profiles of sound changes based on a succession of pronouncing dictionaries and 
rime charts dating back to MC times (early 7th century): cf. Chen-Hsieh 1971. 

A related study, Janson 1973, deals with the loss of final -d in many words in 
Stockholm Swedish. In words like ved 'wood', hund 'dog', blad 'leaf', and rod 
'red', Stockholmers usually delete the -d in ordinary speech. This fact has been 
thoroughly checked out by Janson, both by sampling opinions from sophisticated 
informants and by monitoring taped speech. The point of special interest here is 
that the class of words that can undergo optional -d deletion is now much smaller 
than it was, say, a half-century ago, as determined from earlier descriptions. It is 
believed that the final -d was disappearing, in some Swedish dialects, as early as the 
14th century. In Stockholm speech, the deletion used to be possible for many more 
words, across several more grammatical categories. However, since it has been 
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Based	on	Sherman	(1973),	Chen	&	Wang	(1975)	plot	the	course	of	Diatonic	Stress	Shift	

in	the	history	of	English	

• in	1570,	there	were	only	a	few	diatonic	pairs	–	all	other	N~V	pairs	were	monotones	
o récordN		 ~			recórdV	
o rébelN		 ~			rebélV	
	

The	assumption	is	that	DSS	is	a	

change	that	occurred	over	a	long	

period,	and	not	all	eligible	words	are	

affected	by	a	change	at	the	same	rate	
	

• DSS	spreads	through	the	lexicon	
gradually	

	

o and,	crucially	for	our	purposes,	
the	“words	which	have	undergone	

the	Diatonic	Stress	Shift	have	

lower	frequency	than	those	which	

have	not”	(Sonderegger	2010)	

	

	

	

Linking	types	of	change		
	

One	of	the	claims	that	we	saw	at	the	start	of	this	session	makes	a	link	between	the	

two	distinctions	between	types	of	change	that	we	have	just	considered:	
	

Van	Epps,	Carling	&	Sapir	(2021,	297)	

	

	
	

	

	

	

The	claim	here	(also	made	by	Bybee	et	al)	is	that:	
	

• N-changes	show	high-frequency	effects		
	

• A-changes	show	low-frequency	effects		
	

(i)	 phonologically	conditioned	change	=	‘normal’	phonological	change	=	‘sound	change’	
	 		 	 –	N-changes	(‘neogrammarian’,	‘natural’	changes)	
	

(ii)	 not	phonologically	conditioned	change	in	phonological	forms:	analogy,	borrowing		
	 		 	 –	A-changes	(‘analogy’,	‘alles	andere’)	

	

We	will	pursue	these	ideas	at	various	points	in	what	follows.	
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likelihood to change (p=.004 for frequency in Norwegian, and p=.048 for 
frequency in Swedish).16 As predicted, words with a higher frequency tend 
to be more resistant to change. When we compare the mean frequencies of 
the change cognates versus the stable cognates, a clear difference can be 
seen in Norwegian (see figure 2 below): 61.4 for change cognates versus 
72.7 for stable cognates. In Swedish, the difference is less pronounced: 55.2 
for change cognates versus 57.9 for stable cognates. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Mean log-transformed frequency 

for stable and change cognates in Norwegian and Swedish. 
 
It is well-known that while phonological change affects the most frequent 
lexical items first, analogical change tends to affect the most infrequent 
lexical items first. According to Bybee (2007:23–24), this is because the 
two types of changes spread through the lexicon in different manners. 
Phonological changes are driven by phonetic processes. Since these 
processes occur in casual speech, phonological change affects first those 
lexical items that are most frequent in casual speech. In contrast, 
analogical change affects less frequent lexical items in a language. When 
it comes to infrequent lexical items, speakers may be less certain of the 
correct form. In the absence of a clear choice, speakers associate the less 
frequent lexical item with a more frequent item that is phonologically, 

 
16 Frequency distributions tend to be highly skewed, and a solution to this is to 
log-transform the frequencies (Baayen 2008:100). We checked the distribution in 
our data to ensure this was the case. 
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So...	we	have	seen	that	there	are	some	strong	claims	that:	
	

«	the	frequency	of	use	of	lexical	items	determines	the	extent	to	which	they	are		

							affected	by	change	at	the	phonological	level	»	
	

• we	have	seen	claims	that	this	affects	both	segmental	phonological	changes	and	the	
overall	pronunciation	of	chunks	of	speech	

	

• and	we	have	seen	claims	that	this	might	involve	both	high-frequency	effects	and	
low-frequency	effects			

	

We	also	saw	the	following	claim	at	the	start,	though	–	what	about	that?	
	

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

• this	could	be	seen	as	the	biggest	issue	facing	theoretical	(historical)	phonology	
	

o the	fundamental	issue	also	extends	beyond	phonology	to	take	in	whole	
conceptions	of	‘what	language	is’,	‘how	much	abstraction	we	should	allow’,	and	

‘how	children	acquire	language’	

3.	Formal	Phonology	vs	Usage-Based	Phonology		
	

It	has	been	claimed	that...	
	

• Balogné	Bérces	&	Honeybone	(2020)	
	

	
	
I	think	this	is	still	true	...	
	

• ...	but	what	does	it	mean?	
	

o if	there	are	these	diffuse	theory	groups,	there	must	be	disagreements	about	how	
phonology	works?	
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(phonetics, analogy, frequency).3 As a result, we can now identify four
major currents in present-day phonological theory: Rule-Based Phonol-
ogy (RBP), Representation-Based Phonology (RepBP), Constraint-Based
Phonology (CBP), and Usage-Based-Phonology (UBP), all of which can
be seen as diffuse ‘theory groups’. Naming the currents in this way places
emphasis on what is the most important thing for the understanding of
phonology according to those who work in each framework. RBP, RepBP
and CBP are fundamentally formal approaches to phonology, while UBP
dissents on this issue.

All these currents are contemporary (and have been live throughout
the current century), but they differ in their popularity, and a number of
strands have developed within each basic current. As we mention above,
the primary representative of RBP is the SPE model (also including de-
velopments such as Lexical Phonology); nowadays this approach is in the
minority but it has several prominent current proponents (see, for example,
Vaux 2008). The majority of present-day representatives of autonomous,
formal phonology come from either a RepBP or a CBP background. The
fundamental hallmark of RepBP is a subscription to autosegmentalism
(see sections 3–4), and RepBP-type frameworks include two major related
strands, Dependency Phonology (DP) and Government Phonology (GP),
and currently form a substantial minority position in Europe (e.g., Scheer
2004), and a few other places. The largest, most popular and most populous
contemporary framework in phonology is CBP, with Optimality Theory
(OT)4 as the primary (albeit not the only) representative (e.g., McCarthy
2001; Prince & Smolensky 1993/2002/2004), while UBP presents a sub-
stantial minority position (e.g., Bybee 2001). The UBP movement is part
of a twenty-first-century ‘assault on autonomous phonology’ (e.g., Port &
Leary 2005), and is characterised by eclecticism in its proponents and icon-
oclasm in its views – the strand of phonological work dubbed Exemplar
Phonology (e.g., Pierrehumbert 2001) fits in here.5

3 At the same time, the idea of a ‘hyper-autonomous’ phonological module has been
pursued by proponents of Substance-Free Phonology. As pointed out by a reviewer,
current RepBP is divided over the issue of substance in phonology and the universal
nature of acoustic signatures. See Scheer (2019) and the papers in Chabot (to appear).

4 Note that Uffmann (2011) treats all of GP, DP and OT as forms of constraint-based
phonology, using the label to mean something like ‘non-rule-based’. It may well be
that the popularity of OT is now on the wane (see, for example van Oostendorp to
appear), but the framework is still widely used and is being actively developed.

5 For recent overviews of the four approaches (albeit not quite adopting the frame-
work for understanding them set out here), see the chapters of Hannahs & Bosch
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In	order	to	make	sense	of	this,	here	is	a	brief	(colour-coded)	history	of	phonology:	
	

	
	

There	have	been	a	range	of	theoretical	currents	within	both	of	these	fundamental	currents	

• autonomous	phonology	=	‘Formal	Phonology’		
• reductionist	phonology	=	non-formal	=	functionalist	=	‘Usage-Based	Phonology’	

 

 2  

A	number	of	theories	(‘frameworks’)	have	adherents	among	phonologists	in	the	current	
landscape	of	theoretical	phonology		
• some	are	widely	practiced,	others	are	restricted	to	some	groups	or	geographical	areas	
• there	is	a	historical	relationship	between	many	of	these	frameworks	(of	the	kind	just	

mentioned),	but	the	development	is	not	simply	and	straightforwardly	linear	
• some	frameworks	are	broadly	compatible	(‘commensurable’),	sharing	fundamental	assumptions	
○ within	the	broad	landscape	of	phonological	theory,	however,	there	is	incommensurability	

between	certain	frameworks	
	

NB:	(in)commensurability	as	used	here	is	a	term	from	the	philosophy	of	science		
• “theories	are	incommensurable	if	they	are	embedded	in	starkly	contrasting	conceptual	

frameworks	whose	languages	do	not	overlap	sufficiently	to	permit	scientists	to	directly	
compare	the	theories	or	to	cite	empirical	evidence	favoring	one	theory	over	the	other”	

○ https://en.wikipedia.org/wiki/Commensurability_(philosophy_of_science)	
○ https://plato.stanford.edu/entries/incommensurability/	
	

	

A	brief	history	of	phonology	
	

															phonetics-phonology	
	 	 	 ???? –	it’s	not	easy	to	say	when	phonological	ideas	were	first	developed	
	 	 	 	 –	they	have	bubbled	up	in	description	of	articulation	and	in	
	 	 	 	 			discussions	of	writing/alphabets	over	many	centuries	
	
	 	 	 19th C.	-	developments	in	a	combined	(historical)	‘phonetics-phonology’	
	
	
	 	 	 early 20th C.	-	phonetics	and	phonology	can	be	pursued	separately		
	 	 	 	
	 	 	 	 	 	 	autonomous	phonology	
	 	 	 	 		 	 	reductionist	phonology		
	
	 	 	 	 									now 
 

					‘phonetics’																			‘phonology’	
				reductionist																	autonomous	 ‘autonomous’	≈	domain-specific,	module-like	
					E-focused	 																				I-focused	
							concrete																									abstract	
						empiricist																					rationalist	
				functionalist																						formal	
								gradient		 	 							categorial	
	

	

There	have	been	a	range	of	theoretical	currents	within	both	of	these	fundamental	currents	
• we	will	consider	a	number	of	these	currents	within	autonomous/formal	phonology	and	

some	arguments	from	reductionist	phonology		
• autonomous	phonology	=	‘formal	phonology’	=	emerged	out	of	structuralist	phonology,	which	

flourished	in	1920s–1950s,	developing	phonemic,	morphophonemic	and	systemic	approaches	
	

								autonomous	phonology	=	‘generative’	/	‘formal’	phonology		
	 1960s	
	
	 1980s	
	
	 1990s	 	 	
																																												
	 	 	 	
	
				Constraints					Rules															Representations	

	

We	can	recognise	two	fundamental	currents	in	phonology:	
‘reductionist’	=	phonology	can	be	reduced	to	phonetics	
‘autonomous’	=	there	are	some	purely	phonological	primitives	

Within	the	formal	phonological	current:	
	

 	
	

We	can	thus	recognise	four	main	currents	in	contemporary	phonological	theory:	
	

	
	

These	fit	into	2	broad	currents:	RBP,	RepBP	and	CBP	have	different	assumptions	in	

some	ways,	but	also	have	much	in	common	–	together,	they	form	Formal	Phonology		
	

• they	are	all	commensurable,	assuming	the	same	kind	of	‘atoms’	/	‘vocabulary’	
	

• they	can	be	combined:	RRepBP	is	common	+	CRepP	occurs,	too	
	

When	taken	at	its	word,	Usage-Based	Phonology	is	not	really	commensurable	with	

these	approaches,	although	all	approaches	argue	they	are	‘doing	phonology’.	
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A	number	of	theories	(‘frameworks’)	have	adherents	among	phonologists	in	the	current	
landscape	of	theoretical	phonology		
• some	are	widely	practiced,	others	are	restricted	to	some	groups	or	geographical	areas	
• there	is	a	historical	relationship	between	many	of	these	frameworks	(of	the	kind	just	
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between	certain	frameworks	
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• “theories	are	incommensurable	if	they	are	embedded	in	starkly	contrasting	conceptual	

frameworks	whose	languages	do	not	overlap	sufficiently	to	permit	scientists	to	directly	
compare	the	theories	or	to	cite	empirical	evidence	favoring	one	theory	over	the	other”	
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A	brief	history	of	phonology	
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	 	 	 ???? –	it’s	not	easy	to	say	when	phonological	ideas	were	first	developed	
	 	 	 	 –	they	have	bubbled	up	in	description	of	articulation	and	in	
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	 	 	 early 20th C.	-	phonetics	and	phonology	can	be	pursued	separately		
	 	 	 	
	 	 	 	 	 	 	autonomous	phonology	
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There	have	been	a	range	of	theoretical	currents	within	both	of	these	fundamental	currents	
• we	will	consider	a	number	of	these	currents	within	autonomous/formal	phonology	and	

some	arguments	from	reductionist	phonology		
• autonomous	phonology	=	‘formal	phonology’	=	emerged	out	of	structuralist	phonology,	which	

flourished	in	1920s–1950s,	developing	phonemic,	morphophonemic	and	systemic	approaches	
	

								autonomous	phonology	=	‘generative’	/	‘formal’	phonology		
1960s	
	
1980s	
	
1990s	 	 	
																																												
	 	 	 	
now	
				Constraints						Rules							Representations	

	

We	can	recognise	two	fundamental	currents	in	phonology:	
‘reductionist’	=	phonology	can	be	reduced	to	phonetics	
‘autonomous’	=	there	are	some	purely	phonological	primitives	

 

 3  

	

Four	main	currents	are	recognisable	in	contemporary	phonological	theory	because	none	of	
these	frameworks	have	been	entirely	replaced	as	new	ideas	emerged	(=	theoretical	
development	has	been	‘additive’)	
	

Rule-Based	Phonology		 	 =	RBP	
Representation-Based	Phonology		 =	RepBP	 commensurable,	autonomous	(≈	formal)	
Constraint-Based	Phonology	 	 =	CBP	
Usage-Based-Phonology		 	 =	UBP	 			-	 iconoclastic,	reductionist	(≈	functionalist)	
	
	

There	have	been	a	number	of	strands	within	these	basic	currents:	
• RBP	=	SPE,	Lexical	Phonology	
• RepBP	=	Autosegmental	Phonology,	Dependency	Phonology,	Government	Phonology		
• CBP	=	Theory	of	Constraints	and	Repair	Strategies,	Optimality	Theory	
• UBP	=	Exemplar	Phonology,	‘statistical	phonology’	
	

○ eclecticism	and	hybrid	models:	frameworks/phonologists	can	mix	aspects	of	these	approaches	
○ NB:	all	frameworks	need	some	theory	of	‘statements’	(‘rules’)	and	‘representations’	
○ the	names	of	frameworks	describe	what	the	leading	explanatory	idea	is	in	that	framework	
	

Despite	there	being	some	historical	interactions	in	their	development,	these	currents	can	all	
be	seen	as	contemporary,	although	they	differ	in	their	popularity:	
	

RBP		 =	was	the	majority	framework	in	the	1960s	and	1970s,	now	a	minority	position,	but	
several	has	prominent	proponents	(eg,	Vaux	2008,	Purnell	2018)	

	

RepBP		 =	was	the	majority	position	in	the	1980s,	is	now	a	substantial	position	in	Europe	(eg,	
Scheer	2004,	Scheer	&	Cyran	2018)	and	has	had	a	widespread	impact		

	

CBP		 =	was	the	majority	framework	in	the	1990s	and	2000s	(eg,	McCarthy	2002,	Krämer	
2018),	and	is	now	still	widespread	but	may	no	longer	be	the	‘mainstream’	

	

UBP		 =	has	been	a	minority	position	since	the	2000s	(eg,	Bybee	2001,	Frisch	2018)	-	it	
can	be	seen	as	part	of	a	recent	(21st	century)	‘assault	on	formal	phonology’	

	
	

Patterns	in	(the	cognitive	entities	which	relate	to)	linguistic	sounds/articulations	
	

What	counts	as	a	pattern?	
• patterns	involve	predictability	–	the	distribution	of	segments	can	be	predictable	or	contrastive	

	

Here	is	some	classic	data	of	the	type	that	phonologists	frequently	consider:	
	

	
	

One	way	of	stating	the	pattern	here	is:	
• there	are	no	word-final	voiced	obstruents	in	German	

	

Note,	however,	that	it	is	also	true	that:	
• both	voiced	and	voiceless	obstruents	can	occur	word-initially	and	word-internally	
• both	can	occur	in	the	same	environment	
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1. Phonology - what is it and where did it come from? 
2. Opacity - derivational depth and process ordering 
3. Frequency effects - is phonology derived from stored words? 
 
 
1. Phonology - what is it and where did it come from? 
 

Phonology aims to find, describe and explain patterns/generalisations in linguistic sounds/articulations 
• crucial basic notions are distribution and contrast 
• phonological patterns exist at the segmental and suprasegmental levels, and many involve both 
○ in this course, I focus on segmental phonology 
 

What counts as a pattern? 
• pattern involve predictability 
• the distribution of surface segments can be predictable or contrastive 
 

(1) Some classic data that phonologists frequently fall back on: 
 

 Nominative Genitive (m.s.) 
 Lob ‘praise’ [lo˘p]  [lo˘b´s] 
 Bund ‘federation’ [bUnt]  [bUnd´s] 
 Weg ‘path’ [ve˘k]  [ve˘g´s] 
 brav ‘well-behaved’ [bra˘f]  [bra˘v´s] 
 Haus ‘house’ [haUs]  [hauz´s] 
 

 Rap ‘rap music’ [rap]  [rap´s] 
 bunt ‘colourful’ [bUnt]  [bUnt´s] 
 Rock ‘skirt’ [rçk]  [rçk´s] 
 steif ‘steif’ [StaIf]  [StaIf´s] 
 weiß ‘white’ [vaIs]  [vaIs´s] 
 

One way of stating the pattern in (1) is: 
• there are no word-final voiced obstruents in German 
 

However, it is also true that: 
• both voiced and voiceless obstruents can occur word-initially and word-internally 
• both can occur in the same environment 
○ they can form a contrast, as exemplified by the coronal stops: [bUnt´s] " [bUnd´s] 
 

Moreover,  
• in some words, there is an alternation in morpheme-final segments between voiced and 

voiceless obstruents; in such cases the contrasts are neutralised 
 
Different phonological frameworks express these generalisations/patterns in different ways... 

Inflected 

None	of	these	frameworks	have	been	entirely	
replaced	as	new	ideas	emerged		
(=	theoretical	development	has	been	‘additive’)	



UBP	can	be	seen	as	part	of	a	21st	C.	‘assault	on	formal	phonology’,	as	in	work	like:	
	

• Bybee,	Joan.	2001.	Phonology	and	language	use.	Cambridge:	CUP.	
	

• Blevins,	Juliet.	2004.	Evolutionary	phonology:	the	emergence	of	sound	patterns.	
Cambridge:	Cambridge	University	Press.	

	

• Port,	Robert.	&	Adam	Leary.	2005.	Against	formal	phonology.	Language	81,	927-964.	
	

• Haspelmath,	Martin.	2006.	Against	markedness	(and	what	to	replace	it	with).	
Journal	of	Linguistics	42,	25-70.	

	

• Silverman,	Daniel.	2006.	A	critical	introduction	to	phonology:	of	sound,	mind,	and	
body.	London	&	New	York:	Continuum.		

	

• Wedel,	Andrew.	2007.	Feedback	and	regularity	in	the	lexicon.	Phonology	24,	147-185.	
	

• Booij,	Geert.	2008.	Lexical	storage	and	phonological	change.	In:	Hanson,	Christin	&	
Sharon	Inkelas	(eds.),	The	nature	of	the	word.	Cambridge,	MA.:	MIT	Press,	497-505.	

	

• Pater,	Joe.	2019.	Generative	linguistics	and	neural	networks	at	60.	Language	95,	e41-e74.	
	

• Archangeli,	Diana	&	Douglas	Pulleyblank.	2022.	Emergent	phonology.	Berlin:	
Language	Science	Press.			

	
Not	all	of	this	is	‘out-and-out’	UBP	–	and,	also	–	other	trends	can	also	be	seen	as	related	
–	MAXENT	and	related	‘number-based’	approaches	to	phonology	have	aspects	of	UBP	
–	by	including	the	preponderance	of	the	occurrence	of	items	(=	usage)	in	phonology		

What	is	formal	phonology?		
	

Formal	phonology	(FP)	is	part	of	formal	linguistics		
	

• it	could	be	that	a	synonym	for	‘formal	linguistics’	is:	‘the	generative	enterprise’	
	

o however:	there	are	approaches	which	see	themselves	as	generative,	but	which	
don’t	share	the	properties	of	formal	linguistics/phonology	that	we	will	recognise	

	

o [it	is	true,	though,	that	most	formal	phonologists	would	see	themselves	as	doing	
some	type	of	generative	linguistics]	

	

• there	has	been	something	of	a	general	assault	on	generative	linguistics	in	this	
century,	claiming	that	it	is	‘outdated’	and	‘disproven’	–	this,	however,	is	just	rhetoric	

	
	

Newmeyer	has	written	insightfully	on	the	nature	of	formal	linguistics,	and	its	key	competitor	
	

• in	syntax,	non-formal	work	is	most	often	called	‘functional	linguistics’	
	

o UBP	is	sometimes	described	as	a	functional	approach	to	phonology		
	



Newmeyer	(1998)	writes:	
	

I’ve	been	using	the	terms	‘formal	linguistics’	and	‘functional	linguistics’	as	if	they	have	
unique	well-understood	referents.	Unfortunately,	they	do	not.		
There	are,	however,	two	broad	orientations	in	the	field.	[...]	One	orientation	sees	as	a	

central	task	for	linguists	characterizing	the	formal	relationships	among	grammatical	
elements	independently	of	any	characterization	of	the	semantic	and	pragmatic	[and	
physiological	and	‘external’]	properties	of	those	elements.	The	other	orientation	rejects	
that	task	[...].		
It	should	be	obvious	why	the	former	orientation	is	called	‘formalist’:	it	focuses	centrally	

on	linguistic	form.	The	problem	is	the	ambiguity	of	the	word	‘formal’	and	its	derivatives.	The	
term	is	ambiguous	between	the	sense	of	‘pertaining	to	(grammatical)	form’,	as	opposed	to	
meanings	and	uses,	and	the	sense	of	‘formalized’,	i.e.,	stated	in	a	mathematically	precise	
vocabulary.	This	ambiguity	has	the	danger	of	leading	to	confusion.	When	Pullum	(1989),	
Chomsky	(1990),	and	Ludlow	(1992),	for	example,	debate	whether	the	‘principles	and	
parameters’	approach	is	a	species	of	‘formal	linguistics’,	they	have	the	latter	sense	of	the	
term	in	mind;	functionalists’	criticisms	of	‘formal	linguistics’	invariably	refer	to	the	former.		
	

Hinskens,	Hermans	&	van	Oostendorp	(2014)	write	relevant	words:	
	

The	designation	‘formal’	to	refer	to	these	various	approaches	goes	back	to	De	Saussure’s	
definition	of	langue	as	‘‘une	forme,	non	une	substance’’	(1916,	Cours,	Ch.	III);	where	De	
Saussure’s	notion	of	‘forme’	referred	to	the	structure	of	the	relations	holding	between	
linguistic	elements.		

Thomas	(2020)	is	a	volume	called	Formalism	and	Functionalism	in	Linguistics:	
The	Engineer	and	the	Collector	–	she	writes:	
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functionalism discounts or ignores and vice versa. The two approaches do 
sometimes address the same issue only to arrive at complementary conclu-
sions. However, there are also instances where formalism and functional-
ism each independently pursues an objective, employing assumptions and 
conceptual tools that the other would consider alien or extraneous. In this 
sense, formalism and functionalism do not always compete side by side. 
Sometimes their contributions to our understanding of human language can 
be coordinated. At other times they are simply incommensurable.

1.2	 Defining	the	Terms
Curnow (2002: 506) quipped that formalists are scholars who are sure they 
know what ‘functionalism’ is, whereas functionalists are those who are con-
fident that they can readily define ‘formalism’. The remark is light-hearted, 
but it calls attention to the difficulty each side may encounter in identifying 
a coherent core within its own practices and intellectual commitments. We 
will start by taking a step away from language to consider the sense of the 
words ‘formalism’ and ‘functionalism’ in other disciplines.

Formalism in general—in art, architecture, literary criticism, logic, 
philosophy—emphasizes the structure and organization of the object of 
analysis, sometimes conceived as extracted out of its overlying material 
presentation. Formal logic translates a sentence into a skeleton of basic 
symbolic elements, removing whatever cannot be so represented. Formal 
literary criticism highlights the linguistic material and component parts of 
a text rather than its reception or historical role. Formal(ist) architecture 
is characterized by monumental symmetry, precise alignment of iterated 
geometric shapes, nested angles, subdued colors. Although the term takes 
on different senses in different domains, those approaches or styles labeled 
‘formal’ typically look inward to the shape and organization of a phenom-
enon, often by abstracting away from its surface appearance and its relation-
ships with neighboring phenomena.

‘Functionalism’, on the other hand, emphasizes the roles that phenomena 
play in their larger contexts, sublimating structure to function. In the first half 
of the twentieth century, functionalism in sociology turned the study of fam-
ilies, cultural practices, and institutions toward investigation of how these 
elements of a society contributed (or not) to the community’s integrity and 
stability overall. In architecture, the American Louis Sullivan (1856–1924) 
famously asserted that ‘form ever follows function’ (1896: 406), hyperboli-
cally depicting that claim as ‘the pervading law of all things organic and 
inorganic’. Sullivan’s aphorism, conventionally cited as ‘form follows func-
tion’, was adopted by designers who deliberately shaped buildings accord-
ing to their local environments and the uses to which people put them. For 
example, rather than flattening a hillside to accommodate the footprint of a 
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library, functionalist architects may build the library into the hill; they may 
round the corners of an office tower on a busy street to facilitate the flow of 
pedestrians around it; they may extend the overhang above an entrance to 
a house to protect owners from the rain as they fumble for their keys, even 
as that extension interrupts the harmony of the building’s facade. In these 
ways, functionalism not only incorporates but prizes asymmetry and even 
idiosyncrasy as a response to external, contextually imposed demands.

Overall, then, it may be fair to say that for formalists, form transcends func-
tion, or at least that they prioritize form over content or context. For function-
alists, form derives from function in the sense that the role a phenomenon fills 
within its environment determines its internal structure. In linguistics, formal-
ists analyze language as a system shaped by formal, structural rules. Formalists 
take for granted that close articulation of those rules (or constraints, principles, 
etc.) is the central task of language scholars. Fischer (2007: 54) wrote that for 
formalists ‘the system of grammar [is] more important as an object of study 
than the actual language data’ (emphasis in the original). Therefore, formal-
ists characteristically look inward to explain linguistic phenomena: in some 
instances, this means that they explain a newly-observed fact of language 
according to how it fits within the configuration of already-established for-
mal linguistic facts. In other instances, formalists look inward to explain facts 
according to their status in language change or acquisition. Functionalists, 
on the other hand, prioritize language data and prize detailed, contextualized, 
records of its use. They characteristically look outside language for explana-
tions, under the assumption that languages are what they are because of the 
exigencies of human communication and cognition, or because of the external 
cultural environment in which language is used. To functionalists, the central 
task is to define how the shape of language data is connected to its communi-
cative purposes and to human cognitive resources.

1.3 The Engineer and the Collector
From these bare-bones definitions of our two key terms, it is clear that each 
is not the simple converse of the other. Although in some instances formal-
ism and functionalism do look like paired opposites, it is more accurate to 
conceive of them as heterogeneous assemblies of traits which are independ-
ent of each other and only sometimes match up as mirror images across the 
formalist/functionalist divide. At the risk of over-simplification, the Appen-
dix to this book compiles some of those traits, contrasting in one column the 
purported features of (at least some versions of) formalism to the purported 
features of (at least some versions of) functionalism in the opposing column.

It is important to grasp, first, that the contents of the Appendix are not a 
summary, but only a collection of entry points; and, second, that the entries 
in the two lists characterize the two terms rather than define them, since not 
all specimens of formalism or functionalism exhibit all traits. An analogy 
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Chomsky	&	Halle	(1968)	are	often	seen	as	central	in	the	development	of	the	formal	

approach	to	phonology	–	they	say:	

	

	

	
	

Where	do	these	formal	universals	come	from?	
	

• a	standard	answer	in	the	formal	approach	is	that	they	are	part	of	what	it	means	to	
be	human	–	part	of	our	genome	–	they	are	‘Universal	Grammar’	
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hiylkxm-j-tamara (" he'll come tomorrow")

,
3. Phonetic representations

(" il viendra demain ")ilvysdradams

1 We omit much phonetic detail that should in universal representations but that is irrelevant
to the exposition here. This is the course we Will generally follow in discussing particular examples. In the
representation (2), and in other representations in this chapter, we include the" boundary symbol" +,
which can be taken as specifying a certain type of transition between phonetic elements. Actually, however,
we will suggest later that boundary symbols dt> not appear in phonetic representations.

netic features and the conditions on their possible combinations. The phonetic form of each
sentence in each language is drawn from this class of possible phonetic representations.

What exactly is a phonetic representation? Suppose that universal phonetics establishes
that utterances are sequences of discrete segments, that segments are complexes of a par-
ticular set of phonetic features, and that the simultaneous and sequential combinations of
these features are subject to a set of specific constraints. For example, universal phonetics
may provide us with the feature" consonantal," which distinguishes [+consonantal] pho-
netic segments such as [P], [t], [e], [s], [8] from [-consonantal] phonetic segments such as
[u], [i], [a]; and the feature "strident," which distinguishes [+strident] segments such as
[s] and [8] from [-strident] segments such as [p], [t], and [e]. Among the" simultaneous
constraints" of universal phonetics would be the condition that no phonetic segment can
be both [- consonantal] and [+ strident]; the feature" strident" does not provide a further
classification of the category of [-consonantal] segments. Among the" sequential con-
straints" might be certain conditions that assign a maximal length to a sequence of [+ con-
sonantal] phonetic segments, that is, to a consonant cluster. There will be many other con-
straints of both sorts, and they must be met by each phonetic representation in each
language.

More specifically, a phonetic representation has the form of a two-dimensional
matrix in which the rows stand for particular phonetic features; the columns stand for the
consecutive segments of the utterance generated; and the entries in the matrix determine
the status of each segment with respect to the features. In a full phonetic representation, an
entry might represent the degree of intensity with which a given feature is present in a
particular segment; thus, instead of simply subdividing segments into [+strident] and
[- strident], as in the example just given, the entries in the row corresponding to the feature
" strident" might indicate degrees along a differentiated scale of "stridency." The phonetic
symbols [p], [t], [e], [i], [u], etc., are simply informal abbreviations for certain feature
complexes; each such symbol, then, stands for a column of a matrix of the sort just described.

To recapitulate, the phonetic representation of an utterance in a given language is
a matrix with rows labeled by features of universal phonetics. The grammar of the language
assigns to this phonetic representation a "structural description" that indicates how it is
to be interpreted, ideally, in this language. More generally, we may say that the grammar
of each language assigns a structural description to each member of the universal class of
possible phonetic representations. For example, the grammar of every language will assign
structural descriptions to phonetic representations such as (1) and (2):1

2. Linguistic universals

General linguistics attempts to develop a theory of natural language as such, a system of
hypotheses concerning the essential properties of any human language. These properties
determine the class of possible natural languages and the class of potential grammars for
some human language. The essential properties of natural language are often referred to
as "linguistic universals." Certain apparent linguistic universals may be the result merely
of historical accident. For example, if only inhabitants of Tasmania survive a future war,
it might be a property of all then existing languages that pitch is not used to differentiate
lexical items. Accidental universals of this sort are of no importance for general linguistics,
which attempts rather to characterize the range of possible human languages. The significant
linguistic universals are those that must be assumed to be available to the child learning a
language as an a priori, innate endowment. That there must be a rich system of a priori
properties-of essential linguistic universals-is fairly obvious from the following empirical
observations. Every normal child acquires an extremely intricate and abstract grammar, the
properties of which are much underdetermined by the available data. This takes place with
great speed, under conditions that are far from ideal, and there is little significant variation
among children who may differ greatly in intelligence and experience. The search for essen-
tiallinguistic universals is, in effect, the study of the a priori faculte de langage that makes
language acquisition possible under the given conditions of time and access to data.

It is useful to divide linguistic universals roughly into two categories. There are, first
of all certain" formal universals" that determine the structure of grammars and the form
and organization of rules. In addition, there are "substantive universals" that define the
sets of elements that may figure in particular grammars. For example, the theory of trans-
formational generative grammar proposes certain formal universals regarding the kinds of
rules that can appear in a grammar, the kinds of structures on which they may operate,
and the ordering conditions under which these rules may apply. We shall study these ques-
tions in detail, in connection with the phonological component of a generative grammar.
Similarly, general linguistic theory might propose, as substantive universals, that the lexical
items of any language are assigned to fixed categories such as noun, verb, and adjective,
and that phonetic transcriptions must make use of a particular, fixed set of phonetic features.
The latter topic, once again, will occupy us in this book. We will be concerned with the
theory of "universal phonetics," that part of general linguistics that specifies the class of
"possible phonetic representations" of sentences by determining the universal set of pho-

there is no significant sense of " generalization" in which these new utterances can be de-
scribed as generalizations from earlier experience, and no sense of the term "habit" in
which the normal use of language can be described as some kind of "habit system" or as
"habitual behavior." We cannot, in other words, characterize the internalized, mentally
represented system of rules that we call the "grammar" in terms of any other significant
concept of psychology.

To summarize, then, we use the term "grammar" to refer both to the system of
rules represented in the mind of the speaker-hearer, a system which is normally acquired
in early childhood and used in the production and interpretation of utterances, and to the
theory that the linguist constructs as a hypothesis concerning the actual internalized gram-
mar of the speaker-hearer. No confusion should result from this standard usage if the dis-
tinction is kept in mind.

Dresher	(2025)	summarises	a	formal	take	on	this	in	phonology,	which	includes:	
	

	

	
	
	

NB:	this	shows	how	formal	approaches	are	committed	to	two	key	parts	of	phonology		
	

(i)	 abstract	storage	(in	the	lexicon)	 	 =	(d)	–	structured	as	in	(a)	
	

(ii)	 phonological	computation	(giving	derived	forms)	 =	(b)	–	constrained	by	(a)	&	(c)	
	

	

(i)	=	‘Underlying	Representations’	/	‘inputs’	/	‘URs’	–	distinct	from	‘SRs’	/	‘outputs’		

	

Dresher	(2025)		

also	recognises,	

for	(ii)	
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language, what they call the Emergent Grammar hypothesis. The basic principles of 
Emergent Grammar are listed in (8):

(8) Principles of Emergent Grammar (Archangeli and Pulleyblank, 2015)
a. Ability to create categories
b. Ability to attend to frequency
c. Ability to generalize and create a symbolic system

That’s it! Recall that these principles have to determine what grammars are like; in pho-
nology, they have to guide the learner in resolving questions such as those in (6) and (7). 
But the principles in (8) are consistent with any conceivable grammar; therefore, they 
cannot guide the learner to any particular GL, whatever it is. Whatever the exact nature 
of the phonological grammar, solving the poverty of the stimulus requires a more con-
tentful theory of the innate endowment. In addition to the principles in (8), we would 
need at least principles such as those in (9). The principles in (9) may not all be correct; 
but if they are not, they need to be replaced by other principles that have the same degree 
of specificity.

(9) Some basic UG principles for phonology
a. Learners analyse segments into primes which consist of {features or ele-

ments or particles, whichever is correct}.
b. Interactions between segments involve the primes in (a).
c. Learners have access to the morphological make-up and paradigmatic mem-

bership of lexical items.
d. Learners attempt to arrive at a single underlying form for each lexical item.
e. Where possible, rules and representations formulated in phonological terms 

are preferred to those that mention non-phonological (e.g. diacritic or mor-
phosyntactic) terms.

Archangeli and Pulleyblank (2015, 2022) call their approach ‘Emergent Grammar’, 
alluding to proposals that features are not innate and universal, as in the theory of 
Chomsky and Halle (1968), but rather are learned and emerge in the course of language 
acquisition. There are several reasons for taking this view. As argued by Mielke (2008), 
Samuels (2011), and others, no specific set of innate features have been found that work 
for all languages. Moreover, an innate set of features based on phonetic properties 
exclude sign languages, which arguably have important parallels with spoken phonology 
(Sandler 1993; van der Hulst 1993, 2022). However, replacing innate features with emer-
gent ones does not lessen the need for UG principles that are specific to phonology. On 
the contrary, as argued by Dresher (2014), if learners have to construct their own phono-
logical features, they need to have UG principles that will guide them in this task. What 
sort of features should they construct? How many features do they need to find for a 
given inventory? How specific or general should they be? Contrastive Hierarchy Theory, 
which Archibald discusses in his article, proposes some answers to these questions, sum-
marized in (10).
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IV UG and segmental representations
What are phonological grammars, the GLs in (4), like? Consider, to begin, representa-
tions of the segmental aspects of phonology. Some representational issues that have been 
debated by phonologists are listed in (6).

(6) Questions about the representation of phonemes
a. Are phonemes (or segments) represented as indivisible atoms, or do they 

consist of smaller units?
b. If the latter (according to the overwhelming majority of phonologists), do 

the phonological ‘primes’ consist of binary or multi-valued features, or 
unary elements, or particles, or gestures?

c. Are these primes universal or language particular?
d. Are they phonetically detailed or purely contrastive?
e. Are words or phonemes represented by unique representations or by exem-

plar clouds?

Similar questions have been debated concerning phonological computations; a few basic 
ones are listed in (7).

(7) Questions about phonological computations
a. Do phonological grammars consist of ordered rewrite rules, or ranked con-

straints that apply in parallel?
b. Does the grammar have levels, and if so, how are they defined?

These are all questions that phonologists argue about; but presumably these are not 
issues for learners. As Archibald writes, ‘children do not have to test hypotheses won-
dering if the environmental input to which they are being exposed has features or 
vowels or consonants, or syllables, or feet.’ We assume that the basic form of each GL 
is determined by UG. But there is a ‘gap’ between the signal DL and the grammar GL 
that learners acquire: simply attending to the input does not instruct learners how to 
represent that input in their internal grammars, no matter how much data they are pre-
sented with. I maintain that this type of gap is a fundamental form of poverty of stimu-
lus. This type of poverty of stimulus does not depend on showing that learners have 
acquired patterns or generalizations for which they did not have sufficient input; rather, 
we are dealing with a basic incommensurability between an acoustic signal and what-
ever representation learners assign it.

It is UG that has to bridge the gap between input and grammar. And however desir-
able it may be for the innate cognitive principles to be as general as possible and appli-
cable across cognitive domains, it would appear that some of them have to be fairly 
specific to language, or even to phonology. Consider, for example, the argument by 
Archangeli and Pulleyblank (2015) that infants do not learn grammar ‘due to an innate 
capability specific for language, the Universal Grammar hypothesis’. They propose 
instead that language learners make use of basic cognitive principles not special to 



Does	the	grammar	have	levels?	
	

A	simple	(‘old’)	model	of	how	phonology	fits	with	other	aspects	of	language	looks	like	this:	
	

	
	

	

This	assumes	no	levels,	but	does	build	in	Dresher’s	(c)		–		phonological	learners	have	

access	to	the	morphological	make-up	of	lexical	items	because	morphology	occurs	before	
and	has	an	interface	with	phonology	
	

• the	model	uses	Hale	&	Reiss	(2008)	‘human	body	brackets’	to	indicate	speech	
	

o NB:	the	‘end’	of	phonology	([...])	is	still	phonology	
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The	model	of	the	grammar	that	we	are	assuming,	could	thus	be	expanded	(from	the	one	at	the	start	of	
this	handout)	like	this:	

	
				morphology	 	 	MORPHOLOGY	
	

	
	 	 	 	 	interface	
	
					/underlying	form/	
	

	 	 	 	 	 	PHONOLOGY	
	 		[surface	form]	
	
	 	 	 	 	 	interface/transduction	
	
	
	 	�pronunciation�		 	PHONETICS	
	
	
	

Phonological	phenomena	in	English:	tapping	/	flapping	
The	phenomenon	known	as	both	‘tapping’	and	‘flapping’	(the	two	are	often	seen	as	synonyms)	is	
common	in	many	varieties	of	English,	including	GA	and	Ulster	English,	and	is	currently	spreading	to	
other	parts	of	the	English-speaking	world	(probably	through	the	influence	of	US	accents).		
	

Tapping	is	illustrated	in	the	following	data	(for	GA,	partly	from	Giegerich	1992,	p.242)	
• the	issue	is	the	distribution	of	[ɾ]	in	‘flapping	dialects’	
o the	spellings	used	to	represent	the	relevant	segments	are	underlined		
o to	some	extent	this	is	an	optional	rule	-	flapping	speakers	can	resist	the	process	and	realise	full	stops	
	

tip		 [ˈtʰɪp]	 	 	 dip		 [ˈdɪp]	 	
writing		 [ˈɹaɪɾɪŋ]	 	 	 riding		 [ɹaɪɾɪŋ]	 	
data	 [ˈdeɪɾə]	 	 	 madam		 [ˈmaɾəm]	 	
party		 [ˈpʰɑɹɾi]	 	 	 pardon		 [ˈpʰɑɹɾən]	 	
attend	 [əˈtʰɛnd]		 	 	 adapt	 [əˈdapt]	
petite		 [pʰəˈtʰiːt]	 	 	 lid		 [ˈlɪd]		
petty	 [ˈpʰɛɾi]	 		 	 	

	
	

Flapping	does	seem	to	be	categorical:	it’s	not	just	coarticulation	smearing	voicing	from	the	
surrounding	segments	onto	the	stops	
• there’s	always	a	categorical	difference	in	duration	between	how	speakers	pronounce	flapped	

stops	and	unflapped	stops	(Herd	et	al.	2010)	
	

How	could	we	describe	the	pattern	involved	in	flapping?	
• how	could	we	write	a	rule	for	this	process	using	segmental	symbols?	
o (how	could	the	rule	be	generalised?)	

	
One	possible	formulation	of	the	flapping	rule,	on	the	basis	of	data	seen	here,	is	as	follows:	
	

/t,	d/	®	[ɾ]		/		V,	r		__	V	 	 	 	 	
	 	 	 															[−stress]	
	
There	is	more	to	consider	about	flapping	than	is	discussed	here:	
• does	it	apply	across	a	morpheme-boundary?	which	words	in	the	above	data	are	relevant	here?	
• does	it	apply	across	a	word-boundary?	
o [how	should	we	model	the	occurrence	of	boundary	information	in	rules?]	

{suppletion}	
{morphological	rules}	

=	speech	planning	and	production 

In	FP,	there	are	limits	to	the	kinds	of	factors	that	
can	condition	phonological	processes	because	of	
fundamental	factors	concerning	the	nature	of	
the	grammar	
• we	can	expect	to	see	interactions	between	
morphology	and	phonology	(because	
morphology	‘precedes’	phonology	and	
interfaces	with	it)	

• but:	factors	related	to	usage	cannot	condition	
phonology	(structures	are	‘fed	forward’	after	
phonology	to	speech	planning	and	production,	
where	usage	is	relevant)	

 

A	more	subtle,	structured	model	of	the	grammar	(as	in	stratal	models)	argues	that	

there	are	‘levels’	–	and	a	more	intricate	interface	between	morphology	and	phonology:		
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In	fact,	the	Lexical/Stratal	model	assumes	that	there	are	two	strata	in	English	morphology	–	that	is,	
there	are	two	fundamental	types	of	lexical	morphology		
• this	is	based	on	a	long-recognised	distinction	in	English	morphology		
o stratum	1	=	e.g.,	-ity,	-ic,	-ian,	-ee,	in-	(and	other	typically	less	regular,	bound	morphology)	
o stratum	2	=	e.g.,	-ness,	-less,	-ly,	un-,	-er	(comparative),	-er	(agent),	-ing,	-s	(plural	etc),	-d	(past	etc)	
	

The	full	LP/Stratal	model	of	the	grammar	is,	in	fact:	
	
	
	
	 	 	 	 	 	LEXICON: MORPHOLOGY + LEXICAL-PHONOLOGY	

	
		|		morphology	 	
	
	
	
	
	

	
	 	 	 	 		lexical	insertion	is	determined/modulated	by	syntax	
							
	 		syntax	combines	 	
									outputs	of	the	lexicon			 	SYNTAX	
	
					|#concatenated#strings#|	
	
	 	 	 	 	interface	[lexical	and	morphological	information	no	longer	present]	
	
	
								|concatenatedstrings|	
	

								phonological processes	
	 	 	 	 	 	PHRASAL-PHONOLOGY	
	 		[surface	forms]	
	
	 	 	 	 	 	interface/transduction	
	

	
	 	�pronunciation�		 	PHONETICS	
	
We	have	long	considered	on	this	course	how	morphological	information	can	be	relevant	to	
phonological	generalisations	
• we	have	seen	the	idea	that	morphological	information	is	erased	at	some	point	in	a	derivation	
o on	this	model,	the	Bracketing	Erasure	Convention	(BEC)	states	that	morphological/lexical	

‘brackets’	(that	is,	boundaries)	“are	erased	at	the	end	of	every	level”	
• we	have	seen	that	morphological	boundaries	can	seem	to	block	or	trigger	phonological	processes	
o on	this	model,	the	assumption	is	that	the	relevant	boundaries	are	not	present	at	the	relevant	

point	of	a	derivation	
	

To	apply	this	to	cases	that	we	have	considered		
• pre-r	Dentalisation	must	be	a	phonological	process	in	stratum	1	of	the	lexicon	so	it	does	not	

apply	in	words	where	the	rhotic	is	added	later	in	a	derivation	–	the	opacity	can	be	generated	
• the	SVLR	must	be	in	stratum	1:	it	applies	in	kneed,	crewed	as	the	/-d/	suffix	has	not	yet	been	added	

(and	the	morphological	boundary	need	not	be	part	of	the	rule)	–	the	opacity	can	be	generated	
• CR	must	apply	in	the	lexicon	–	but	it’s	not	clear	that	we	can	tell	which	stratum	it	applies	in	
• general,	assimilative	Dentalisation	and	Flapping	must	be	phonological	processes	in	the	phrasal	

stratum,	before	which	all	morphological	and	lexical	boundaries	have	been	erased	

/#underlying-forms#/	
	

{stratum	1	mph}	
	

phonological processes 
↓	

	

|#output-of-stratum1#|	
	
	

{stratum	2	mph}	
	

phonological processes	
↓	

	|#output-of-lexicon#|	
	
	

Stratal	models	typically	assume	that	there	are	two	strata	in	English	morphology	–	that	is,	there	are	
two	fundamental	types	of	lexical	morphology		
• this	is	based	on	a	long-recognised	distinction	in	English	morphology		
o stratum	1	=	e.g.,	-ity,	-ic,	-ian,	-ee,	in-	(and	other	typically	less	regular,	bound	morphology)	
o stratum	2	=	e.g.,	-ness,	-less,	-ly,	un-,	-er	(comparative),	-er	(agent),	-ing,	-s	(plural	etc),	-d	(past	etc)	
 

This	model	gives	three	places	where	phonological	computation	can	‘occur’	–	where	phonological	
generalisations	hold	–	with	different	aspects	of	morphology	preceding	them	
• there	remain	the	two	key	parts	of	phonology	–	underlying	forms	and	computation	

=	speech	planning	and	production 



As	part	of	formal	linguistics,	FP	assumes	a	sharp	distinction	between	two	key	aspects	of	

‘language’	(with	phonology	part	of	the	former,	as	part	of	linguistic	knowledge)	
	

• competence	and	performance	
	

• I-language	and	E-language		
	

• FLN	(‘narrow	faculty	of	language’)	and	everything	else	(including	‘third	factors’)	
	

FP	assumes	that	phonological	generalisations	can/will	be:	
	

• categorical	–	features,	constituents,	constraints,	rules,	levels	are	present	or	absent	
	

• abstract	–	abstracted	away	from	forms	that	are	articulated	or	perceived		
	

• autonomous	from	phonetics	–	closely	connected,	with	a	diachronic	link	to	phonetics,	
but	also	following	lines	that	are	not	simply	‘the	same’	as	phonetic	pressures	

	

• modular	–	phonological	knowledge	is	domain-specific	and	encapsulated	(with	interfaces	
handling	interactions),	making	sense	of	the	PRINCIPLE-OF-PHONOLOGY-FREE-SYNTAX	

	

• ‘limited’	by	theory	–	there	are	limits	to	the	kinds	of	factors	that	can	condition	
phonological	generalisations	–	not	everything	is	possible	

	

What	is	‘non-formal’	phonology	–	Usage-Based	Phonology?	
	

The	basic	thrust	of	the	UBP	position	is	a	move	back	to	a	‘unified	phonetics-phonology’	
	

• some/many/all	of	the	characteristics	identified	above	are	rejected	
	

o the	idea	that	phonology	involves	(i)	abstract	storage	and	(ii)	computation	as	
fundamentally	distinct	things	is	disputed		

	

	

Shea	(2025,	537)	argues	the	following:	
	

	

	

‘Exemplar	theory’	can	be	seen	as	the	logical	endpoint	of	UBP.	

Shea 537

Towards the end of the twentieth century, based upon evidence showing frequency/
recency/speaker effects on memory and production (Goldinger, 1998), researchers started 
to question the assumption that lexical representations were minimal and abstract. 
Accumulating empirical evidence suggested that listeners store all the information present 
in the input as exemplars, which are themselves stored in detailed exemplar clouds that 
change and shift to reflect ongoing experience with language(s), leading to continuous 
re-weighting of individual exemplars over a lifetime of linguistic experience. Importantly, 
according to exemplar-based approaches, learning is never complete, or ‘stable’ and con-
tinues across the lifespan; exemplar-based approaches assume plasticity in perception and 
production, lexically-driven phonetic and sociolinguistic variation, and probabilistic/dis-
tribution-based learning mechanisms (for a discussion, see Goldrick and Cole, 2023).

In a recent commentary, Goldrick and Cole (2023) point out how exemplar-based 
models can address some of the challenges generative approaches face when accounting 
for the representation and processing of sound. Since exemplar models do not assume 
modularity, such approaches eliminate the need for interface-based explanations and 
account for many of the observations that generativists attribute purely to phonetic out-
put. Perhaps most relevant to the current discussion is the role of experience in influenc-
ing and shaping the system long after the putative ‘end state’ has been reached. Plasticity 
in production and perception results from the storage of novel exemplars that, in turn, 
influence subsequent behavior (Flege and Bohn, 2021). Moreover, the assumption of 
strict modularity in generative approaches is challenged by data that shows gradiency in 
both perception and production (Kapnoula et al., 2024) and by lexically-specific pat-
terns. Finally, there has also been an abundance of recent research showing that lexically-
conditioned sociolinguistic variation also occurs, as people move across different 
contexts and interact with different interlocutors (Babel et al., 2019; Hayes-Harb et al., 
2022). Overall, the well-documented plasticity of the speech system challenges repre-
sentational assumptions made by generativist models, which require additional mecha-
nisms to account for it.

But, as the title of this section states, avoiding straw man arguments is important. More 
recent exemplar-based models have recognized a growing consensus in the literature that 
both abstract and fine-grained details are part of lexical knowledge, and that accounting for 
this necessarily demands integrated models (Ernestus, 2014; Fink and Goldrick, 2015; 
Pierrehumbert, 2016; Pisoni and Levi, 2007), or hybrid models (‘abstractions of exem-
plars’, Goldrick and Cole, 2023; see Pierrehumbert, 2006; Todd et al., 2019). The abstrac-
tions-made-of-exemplars account is distinct from abstractions in the formalist accounts, 
whereby modularity demands separation between the abstractions and the detailed exem-
plars. Instead, these models claim that particular exemplars can be connected by higher-
level abstractions and still retain exemplar-specific information. Abstractions at different 
granular sizes can account for hierarchical effects (Todd et al., 2019; see also transducer 
models such as BERT in Devlin, 2018). Phonological units such as syllables and segments 
emerge through shared phonetic properties of words, stored in the mental lexicon (Cole, 
2009; Pierrehumbert, 2003) via the clustering of similar instances in the phonetic space. 
Statistical co-occurrence captures higher level structure. For example, in exemplar models, 
phonotactic constraints emerge from statistical regularities, whereby high activation occurs 



There	are	several	flavours	of	exemplar	theory	(some	of	which	are	more	conciliatory	

with	standard	phonological	models	than	others)	
	

• I	focus	largely	on	‘strong	positions’	here	–	as	in	Goldinger	(1998),	Hawkins	(2003),	
Johnson	(2006),	Wade	&	Möbius	(2010),	also	claimed	by	Bybee	–	as	they	are	testable	

	

o in	exemplar-based	UBP,	whole	words	are	the	focus	of	phonology,	rather	than	the	
type	of	units	which	most	phonological	theory	works	with	(features,	moras	etc.)	

	

The	crux	of	exemplar	theory	is	that	the	lexicon	is	a	vast	repository	of	highly-detailed	

memories	of	phonetic	episodes	experienced	by	the	speaker		
	

• these	are	the	‘exemplars’	–	they	replace	the	derivations	of	standard	phonological	models	
	

o they	are	stored	in	the	lexicon	on	the	basis	of	usage:	on	the	basis	of	speakers’	
experience	of	production	and	perception	(hence	‘Usage-Based	Phonology’)	
	

o the	strong	position	is	that	this	is	essentially	all	that	speakers	need	and	have	in	
terms	of	phonological	knowledge	–	there	are	connections	between	‘clouds’	of	

exemplars	on	the	basis	of	various	types	of	similarity	between	them	
	

o as	Pierrehumbert	(2006)	points	out,	in	this	model,	a	key	“phonological	principle	
[is]	not	[...]	in	force	[...]	instead,	each	word	[is]	an	individual	point	somewhere	in	

phonetic	hyperspace”	
Introduction to the special issue on

exemplar-based models in linguistics

SUSANNE GAHL and ALAN C. L. YU

The Linguistic Review 23 (2006), 213–216 0167–6318/06/023-0213
DOI 10.1515/TLR.2006.007 c⃝Walter de Gruyter

Recent years have witnessed the emergence of a cluster of approaches in lin-
guistic theory known as exemplar-based models. Such exemplar-based models
are being developed in research domains as diverse as phonetics, phonology,
morphology, historical linguistics, semantics, syntax, and language acquisition.
This special issue brings together, for the first time, articles applying exemplar-
based models to a wide range of linguistic subdisciplines. We hope that this
collection will give readers a sense for the challenges and new research tools
that exemplar-based models offer.

The central idea behind exemplar-based models is that mental representa-
tions consist of memory traces of specific tokens. This idea runs counter to the
goal of developing maximally simple, redundancy-free representations, a goal
that has been central to many proposals within linguistic theory. For example,
much phonological work in the 1980s went into the study of underspecification
theory, which banned non-distinctive or predictable feature values from under-
lying representations. Similarly, highly influential models of syntax have taken
economy to be a guiding consideration in their conceptions of the lexicon and
its grammatical interfaces (Chomsky 1993, 1995).

Inspired by studies of exemplar-models of categorization (Goldinger 1996;
Hintzman 1986; Kruschke 1992; Nosofsky 1986), some researchers have
started exploring new models of the lexicon and its interface with other levels
of linguistic competence which call into question the goal of redundancy-free
representations. A category in exemplar-based models is defined by a collec-
tion of memorized tokens, or “exemplars”. Each exemplar may belong to many
categories simultaneously. An exemplar-based speech processing system rec-
ognizes inputs and generates outputs by analogical evaluation across a lexi-
con of distinct memory traces of remembered tokens of speech. While specific
exemplar-based models differ on how new experiences are assigned to relevant
categories and integrated with the stored exemplars, all exemplar-based mod-

Hinskens,	Hermans	&	van	Oostendorp	(2014)	put	things	thus:	
	

	

	

	

Gahl	&	Yu	(2006)	write	that:		
	
	

	 	

	 	

	

	

Editorial

Grammar or lexicon. Or: Grammar and lexicon? Rule-based
and usage-based approaches to phonological variation

Abstract

After a brief discussion of the concept of language variation, some of the main characteristics of ‘rule-based’ and usage-based
paradigms are sketched, confined to the domain of phonological variation and its relation with syntax, morphology and the lexicon. Given
the large number of different perspectives from which both approaches and their relationships have recently been addressed in the
literature, these outlines cannot be exhaustive. Both paradigms will be compared on the basis of research of the variable deletion of word-
final /t/ or /d/ in modern varieties of English, Dutch and German. Several strengths and weaknesses of both approaches are succinctly
discussed. The contours of some recent hybrid models, including those advanced in the five contributions to the present thematic issue,
will be briefly described. Subsequently, two quantitative studies of variable reduction processes in specific varieties of modern Dutch will
be summarized. Following a reflection on the potential implications of one of the outcomes of the latter of the two studies, a few thoughts
regarding the potential and desiderata for further research conclude this contribution.
© 2014 Elsevier B.V. All rights reserved.

Keywords: Language variation; Phonology; Storage; Computation; Hybrid models; Lexically diffuse sound change

Mit dem Wissen wächst der Zweifel -- Goethe

1. Introduction

Although usage-based and ‘rule-based’ approaches to natural language share a number of constituent properties as a
result of the fact that both look at language as a cognitive object, they differ in many respects. In essence, usage-based
approaches contrast with ‘rule-based’, formal theory in that they do not assume language users to have abstract
grammatical knowledge at their disposal. Instead, they postulate a close, organic connection between linguistic structure
and language usage.

With respect to the phonetic/phonological part of language, usage-based models assume that language users store
detailed phonetic information about the words of their language each time that they are exposed to them. These models
stipulate redundant mental storage of bundles of maximally concrete articulatory, acoustic, grammatical, semantic and
pragmatic information concerning single occurrences (‘tokens’ or ‘exemplars’) of lexical items, along with characteristics
of both the speaker and the situation, organized in ‘clouds’. The items are interconnected in multi-tiered networks, in which
aspects of form, meaning and usage are the organizing dimensions. Formal theory, on the other hand, conceives linguistic
competence as a computational capacity based on internalized representations, rules, processes, constraints, principles
and related abstract devices, which are usually categorical and generalize across many cases. The latter traits
characterize several generations of models of generative phonology, including Optimality Theory, even though (classic)
Optimality Theory is non-derivational, hence not literally rule-based, but rather declarative in nature. The designation
‘formal’ to refer to these various approaches goes back to De Saussure’s definition of langue as ‘‘une forme, non une
substance’’ (1916, Cours, Ch. III); where De Saussure’s notion of ‘forme’ referred to the structure of the relations holding
between linguistic elements.
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Van	de	Weijer	(2009)	writes	the	following,	in	part	citing	Bybee:	
	

	

	

number of operations are possible on any input, and only steps that improve that candidate 
are evaluated, giving us a better handle on problems of opacity. Second, in classical OT all 
constraints are innate, which may or may not be a necessary assumption. From a learnability 
perspective, it would be better if constraints were learned, just like other general cognitive 
skills. 

To summarise, we have identified three areas where OT is particularly strong (com-
munication, typology and production) and three areas of active research (perception, varia-
tion/frequency, and psycholinguistic credibility). With these in mind, let us turn to psycholin-
guistics. 
 
2.2. Exemplar Theory 

In psycholinguistics the focus is not on languages as wholes but on individual speech 
behaviour. One theory that is influential is Exemplar Theory (henceforth: ET), a theory that 
has come from the psychology literature on categorization, and which has been applied to 
linguistics by researchers such as Bybee (2006 and references cited there). Space limitations 
make a detailed description of this theory impossible here. One major difference between 
standard theories of linguistics and ET is that in the latter there is a much greater role for 
storage of forms. Two quotes from Bybee (2006) are given in (2). 
 
     (2) In exemplar theory, every token of experience is classified and placed in a vast organ-

izational network as part of the decoding process. New tokens of experience are not 
decoded and discarded, but rather they impact memory representations. In particular, a 
token of linguistic experience that is identical to an existing exemplar is mapped onto 
that exemplar, strengthening it. Tokens that are similar but not identical (differing in 
slight ways in meaning, phonetic shape, pragmatics) to existing exemplars are repre-
sented as exemplars themselves and are stored near similar exemplars to constitute 
clusters or categories.  

(Bybee (2006), p. 716) 
 
Thus, instead of a dictionary-like lexicon as in standard (generative) grammar, lexical items 
are stored in a network-like multi-dimensional organization: items that are similar are stored 
close to each other. This has psycholinguistic advantages, e.g. mispronunciations will often 
pick out a form which is close to the intended form. If a certain item is subject to variation, 
then both items will be stored, roughly in the proportion of the frequency with which the 
items are encountered. Variation is thus a natural part of the lexicon in an ET grammar. Note, 
incidentally, that exemplar clouds can be described in OT terms: a difference in a single fea-
ture could be conceived of as an IDENT difference, a difference in the presence or absence of 
a sound could be described as a MAX or DEP difference. In this way, the OT formalism of 
Correspondence could be useful. 

Items that are frequently heard strengthen each other in the lexicon. This “level of en-
trenchment” reflects, but is not identical to, the frequency of a certain item in a speech com-
munity. In this way, tokens carry a certain weight on their sleeves, which can be expressed as 
a numerical value, which will be related to their frequency of occurrence in a speech commu-

On	this	kind	of	UBP	approach,	each	lexical	item	has	its	own	exemplar	cloud	
	

=	there	is	no	abstract	storage	
	

There	is	no	derivation	from	UR	to	SR		
	

–	rather,	when	speakers	come	to	speak,	one	of	the	exemplars	from	the	exemplar	

				cloud	for	the	relevant	lexical	items	is	chosen	and	implemented	in	speech	
	

=	there	is	no	UR	®	SR	/	input	®	output	phonological	computation	
	

• phonological	categories	do	not	have	any	obvious	existence,	but	may	be	thought	to	
exist	as	ad	hoc	generalisations	over	(parts	of)	forms	in	the	lexicon	

	

o the	forms	that	are	generalised	over	(exemplar	clouds)	are	gradiently	different	
	

o different	clouds	have	different	numbers	of	exemplars		
	

o the	connections	between	exemplar	clouds	vary	in	‘strength’	due	to	phonetic,	
semantic,	and	contextual	similarity	and	connections	



Phonological	storage	in	the	lexicon	on	an	exemplar-based	UBP	perspective	can	be	

understood	like	this	(adapted	from	Paramore	&	Sui	2025)	
	
	

	

	

	

	

	

	

	

	

	

	

Wedel	(2007)	writes: 	

• there	is	thus	less	distinction	between		
competence	and	performance		

/	I-language	and	E-language	

cats	=	19.73pmill		
	
fist	=	7.35pmill	
	
fists	=	2.96pmill		
	
mists	=	0.29pmill		
 

The	most	extreme	exemplar-based	models	allow	for	nothing	but	exemplars	of	

words/phrases	(‘chunks’)	
	

• typically,	however,	UBP	makes	use	of	segment-like	or	constituent-like	connections	
between	exemplar	clouds,	as	in	this	representation	from	Bybee	(2001)	

	

o the	precise	nature	of	these	connections	can	be	difficult	to	pin	down	–	the	units	
involved	are	not	discrete,	or	defined	by	any	UG-like	expectations,	and	will	vary	

from	person	to	person	(as	people	have	different	experiences	of	usage)	

	

	

words that are phonetically similar and separate those portions of words that are
phonetically distinct. (1985:87, emphasis in original)

Bybee (1985) presents a similar proposal using a two-dimensional
visual representation that is easier to render on paper than topologi-
cal deformation; in this proposal, identity relations are represented by
connecting lines. Activation of one item spreads to other items con-
nected by such lines. In Bybee (1985), I proposed that these lexical con-
nections can be phonological or semantic, since the type of priming
relations just described also occur among semantically related words.
When words are related by parallel semantic and phonological con-
nections, the resulting relations are morphological, as with a series of
words expressing past tense that all end in [d].

In effect, generalizations about linguistic units are discovered by
speakers as they categorize items for storage. Such generalizations can
be described in schemas, which are non-process statements about
stored items. The schemas represented in Figures 2.1, 2.2, and 2.3 cor-
respond to the following generalizations, though it is not necessarily
the case that these have a cognitive representation independent of the
forms that participate in them.

(1) [ nd] is a possible syllable rhyme: [$__ nd$]
(2) [b] is a possible syllable onset (in effect, [b] is a phoneme): [$b__]
(3) [[VERB] d] means Past Tense: [ [VERB] d ]Past Tense

Thus, it is possible to represent the generalization of patterns without
removing predictable information from the representation of particu-
lar items.

ε̃ε̃
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Figure 2.1. Lexical connections for [ nd] in send, lend, trend, blend, bend.ε̃



How	do	FP	and	UBP	deal	with	diachrony?		
	

Given	that	we	are	focussing	on	historical	linguistics	here,	we	need	to	recognise	how	

phonological	models	deal	with	diachrony	
	

• the	two	fundamental	approaches	make	different	predictions	in	terms	of	which	
kinds	of	phonological	change	should	be	possible	

	

How	can	FP	deal	with	diachrony?	
	

We	have	seen	that:	

	
	

Formal	Phonology	is	committed	to	two	key	parts	of	phonology		
	

(i)	 abstract	storage	(in	the	lexicon)	 	 =	URs,	inputs	
	

(ii)	 phonological	computation	(giving	derived	forms)	 =	rules,	constraints	
	

	
We	can	therefore	assume	that	either	(i)	or	(ii)	can	change	
	

• this	is	indeed	the	FP	model	of	change	(Kiparsky	1965,	Ringe	&	Eska	2013)	
	

o change	in	(i)	involves	a	reanalysis	(on	the	part	of	the	learner?)	of	URs		
=		‘restructuring’	(often	involving	the	lexicalisation	of	the	remains	of	a	rule)	

o 	

o change	in	(ii)	could	involve	‘rule	addition’	or	‘rule	loss’	or	‘constraint	reranking’	
	

	 	–	 if	a	model	involves	multiple	levels,	‘rule	relevelling’	can	occur		

	 	–	 (as	in	‘the	life-cycle	of	phonological	processes’)	

How	can	UBP	deal	with	diachrony?	
	

We	have	also	seen	that:	
	
	

On	a	UBP	approach,	each	lexical	item	has	its	own	exemplar	cloud	
	

=	there	is	no	abstract	storage	
	

There	is	no	derivation	from	UR	to	SR		
	

–	rather,	when	speakers	come	to	speak,	one	of	the	exemplars	from	the	exemplar	

				cloud	for	the	relevant	lexical	items	is	chosen	and	implemented	in	speech	

=	there	is	no	UR	®	SR	/	input	®	output	phonological	computation	
	

• phonological	categories	do	not	have	any	obvious	existence,	but	may	be	thought	to	
exist	as	ad	hoc	generalisations	over	(parts	of)	forms	in	the	lexicon	

	

o the	forms	that	are	generalised	over	(exemplar	clouds)	are	gradiently	different	
	

o different	clouds	have	different	numbers	of	exemplars	
	

o the	connections	between	exemplar	clouds	vary	in	‘strength’	due	to	phonetic,	
semantic,	contextual	similarity	and	connections	

	

	
On	this	model,	speakers	are		

changing	their	phonology		

all	the	time,	as	they	hear		

new	exemplars	–	as	Wedel		

(2007)	explains:		

diverse findings, linguists of various stripes have turned to exemplar
models.

Exemplar models of categorisation propose that categories are com-
posed of many detailed memories of instances, or EXEMPLARS, of that cat-
egory, rather than, for example, a single prototype or a list of category
features (for reviews, see Jacoby & Brooks 1984, Nosofsky 1988,
Tenpenny 1995). As a result, categories can be populated with many dif-
fering exemplars of the ‘same’ thing – indeed, the only detail these ex-
emplars must share is the fact of having been placed in the same category.
Within exemplar models of language, a linguistic category contains many
highly detailed exemplars of previously perceived members of that cat-
egory. To model the greater influence of more recent memories, the acti-
vation level of exemplars is often modelled as slowly decaying over time
(Nosofsky 1986, Pierrehumbert 2001a, Wedel 2006). Production from a
given category is generally modelled as activation of some exemplar (or
local set of exemplars; Pierrehumbert 2002, Wedel 2006), followed by
mapping from that exemplar directly to a corresponding articulatory plan
without the intervention of a grammar algorithm (Pierrehumbert 2001a,
2002, Wedel 2004, 2006). On the perception side, categorisation proceeds
by comparison of a percept to actual exemplars (Nosofsky 1986), or to
generalisations derived from the range of exemplars within a category
(Hintzman 1986, Goldinger 1996; for a general review of exemplar models
of categorization, see Tenpenny 1995). Upon identification of a percept
with a category, a new exemplar is created in the corresponding category
space, or the activation of a previously stored, indistinguishable exemplar
is raised. As a consequence, each experience alters the entire category
system slightly by changing the range and/or activation of component
exemplars.

Experiments have shown that the narrow phonetic details of an utter-
ance can be influenced by the details of recently perceived utterances
(Tuller et al. 1994, Kelso 1995: 207–212, Goldinger 1996, 2000, Guenther
et al. 2004). This finding provides evidence for a production–perception
feedback loop in adult speakers, in which non-contrastive phonetic details
of what is perceived can be subsequently reflected in the details of what is
produced (Pierrehumbert 2001a, Oudeyer 2002). The consequences of
this production–perception feedback loop for phonological category
evolution over time within a community of speakers have been explored in
a number of recent papers. These studies suggest that a variety of
phonological category change processes such as gradual word-specific
lenition, category merger (Pierrehumbert 2001a, 2002, 2003) and contrast
trading (Wedel 2006) can be successfully modelled at a relatively fine-
grained, mechanistic level with exemplar-based categories.

The ‘exemplar’ is a metaphor for a mechanism of information storage,
and different models vary in their commitment to the details of this
metaphor. For example, in models in which the exemplar is the sole unit
of information storage, generalisations are proposed to be abstracted on
the fly from the existing exemplar set, as needed. Other models assume
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The	modelling	of	change	in	the	two	fundamental	approaches	is	thus	very	different	
	

• in	UBP,	phonology	is	changing	all	the	time,	as	new	exemplars	are	encountered	
	

• in	formal	models,	phonology	is	fundamentally	fixed	at	the	end	of	the	critical	period		
	

o there	may	be	modification	after	L1	acquisition	(maybe	low-level	rules	can	be	added?),	
but	fundamental	aspects	of	phonology	are	assumed	to	be	fixed	through	a	lifetime	

	
	
	
	
4.	FP,	UBP	and	frequency	effects	
	

The	rest	of	these	sessions	could	be	seen	as	an	answer	to	the	following	question:	
	

• do	frequency	effects	favour	usage-based	phonology?	
	

–	it	is	often	claimed	that	they	do	

	

	

You	may	remember	that	the	title	of	these	sessions,	however,	is,	closer	to:	
	

• do	frequency	effects	favour	formal	phonology?	
	

–	I	think	that,	if	we	draw	out	predictions,	and	investigate	the	nature	of	relevant		

	 data,	carefully		–		then	the	answer	is	yes:	frequency	effects	favour	formal	phonology	
	

Why	is	it	standardly	claimed	that	UBP	predicts	frequency	effects?	
	

There	is	constant	update	of	phonology	in	UBP,	as	new	exemplars	are	added	to	the	

exemplar	clouds	that	instantiate	each	word	
	

• more	exemplars	(as	with	more	frequent	words)	is	different	to	less	exemplars	
	

• this	means	that	UBP	has	a	means	of	storing	the	different	frequency	of	occurrence	
of	each	word	–	with	different	sized	exemplar	clouds	–	FP	has	no	equivalent	means	

	

	

	

As	we	will	see,	there	are	ways	of	conceptually	linking	these	differences	to	the	types	of	

frequency	effect	that	have	been	argued	to	exist.	
	



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
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Why	is	it	standardly	claimed	that	frequency	effects	are	a	problem	for	FP?	
	

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:	
 

 

To	sum	up,	there	are	two	very	different	models	of	‘things	affecting	pronunciation’	

	
	
The	frequency	with	which	a	word	is	used	is	not	an	I-linguistic	fact	
	

• usage	is	canonically	an	E-linguistic	thing	
	

• FP	is	a	feed-forward	model:	the	output	of	phonology	is	fed	to	speech	production	
	

• usage-related	phenomena	should	not	be	able	to	impact	on	phonological	behaviour	
	

• URs	(and	SRs)	are	categorical	phonological	forms	
	

	

The	predictions	of	the	formal	approach	derive	from	its	model	of	grammar	
• are	frequency	effects	incompatible	with	formal	phonology	...?	

• or,	are	we	missing	something	...?	

Why	does	FP	predict	that	frequency	effects	shouldn’t	exist?	
	

There	is	no	obvious	way	to	express	the	fact	that	the	phenomena	seem	to	affect	some	
words	more	than	others	in	generative	frameworks	
• as	Pierrehumbert	(2001)	writes,	this	could	have	substantial	implications:	
 

 

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
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To	sum	up,	there	are	two	very	different	models	of	‘things	affecting	pronunciation’	
	

UBP	
	

exemplars	
	
	
	
	
	

pronunciation

FP	
	

UR	
	
SR	
	

phonetic	implementation	
	

pronunciation
	
	 	 	 	 		‘I	=	E’	 	 	 	 	 	 	 	 ‘I	knows	nothing	of	E’	
	
The	frequency	with	which	a	word	is	used	is	not	an	I-linguistic	fact	
	

• usage	is	canonically	an	E-linguistic	thing	
	

• FP	is	a	feed-forward	model:	the	output	of	phonology	is	fed	to	speech	production	
	

• usage-related	phenomena	should	not	be	able	to	impact	on	phonological	behaviour	
	

• URs	(and	SRs)	are	categorical	phonological	forms	
	

	

Given	that	the	predictions	of	the	formal	approach	derive	from	its	model	of	grammar,	
this	is	a	fundamental	challenge	to	the	formal	approach	
• are	frequency	effects	incompatible	with	formal	phonology	...?	


