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PHONOTACTICS is the study of permissible and impermissible phoneme
combinations in a language.

Phonotactic principles are known to be GRADIENT: lexical items can be more or
less well-formed depending on the phoneme combinations they contain.

Phonotatic gradience emerges in at least two ways:
(a) Statistical overrepresentation/underrepresentation in the lexicon
(b)  “Wug words”, e.g. stin > smy > bzarshk

Literature on the former: Albright 2006; Greenberg and Jenkins 1964; Ohala and
Ohala 1986; Coleman and Pierrechumbert 1997; Vitevitch, Luce, Charles-Luce,
and Kemmerer 1997; Frisch, Large, and Pisoni 2000; Frisch and Zawaydeh 2001;
and Bailey and Hahn 2001.

Literature on the latter: Greenberg 1950; McCarthy 1988, 1994; Pierrechumbert
1993; Frisch, Pierrechumbert, and Broe 2004; Pater and Coetzee 2005 (Arabic);
Berkley 1994a, 1994b, 2000; Coleman and Pierrehumbert 1997; Hammond 2004;
Hay, Pierrehumbert, and Beckman 2004 (English); Pater and Coetzee 2005;
Coetzee and Pater 2006 (Muna).

Possible explanations:

(a) GRAMMAR: abstract generalizations over natural classes
(b) LEXICON: new words are supported by existing words
(©) Both?

Intuitively, the relative well-formedness of phonotactic combinations depends on
markedness: marked combinations are less well-formed.

The Complexity Hypothesis: The probability of an <input, output> mapping is
inversely correlated with its grammatical complexity (to be defined shortly).

Consequence: Much of gradient phonotactics is ranking-independent, hence
universal, and thus does not have to be learned, cf. Hayes and Wilson 2006.



2. The Arabic example
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In Arabic, root morphemes normally consist of three consonants, e.g. kth ‘write’.

A dissimilatory constraint against homorganic consonants in adjacent positions
within the verbal root (Frisch, Pierrehumbert, and Broe 2004; Greenberg 1950;
McCarthy 1988, 1994; Pater and Coetzee 2005; Pierrehumbert 1993).

Thus, e.g. *fbm, *bfk, *kbm are ill-formed (McCarthy 1988:88).

The pattern is gradient: the more similar the consonants, the less frequently they
co-occur in actual lexical items (Frisch, Pierrehumbert and Broe 2004).

OBSERVED/EXPECTED (O/E) VALUE: The ratio of the observed number of
occurring consonant pairs (O) to the number that would be expected if the
consonants combined at random (E).

Example (see e.g. Frisch, Pierrehumbert and Broe 2004:185)

e What is the O/E value for the sequence C1-C2?

e O = the number of times C1-C2 actually occurs in the dictionary.

e E = the number of times C1-C2 would occur if C1 and C2 combined freely.

Calculate E as follows:

e (alculate the probability of C1 in the first position

e (Calculate the probability of C2 in the second position.

e The probability of the pair is the product of these two probabilities.

e The expected frequency E is the product of the pair probability and the total
number of consonant pairs.

An O/E value > 1 indicates that there are more observed combinations than
expected, i.e. the combination is favored.

An O/E value < 1 indicates that there are fewer observed combinations than
expected, i.e. the combination is disfavored.



(19) OJ/E values for pairs of adjacent consonants in Arabic verbal roots (Frisch,
Pierrehumbert, and Broe 2004:186). The data are based on 2,674 Arabic roots
taken from a dictionary of standard Arabic (Cowan 1979).

labial | dorsal | coronal | coronal | coronal
sonorant | fricative | plosive

labial 0.00

dorsal 1.15 | 0.02

coronal | 1.18 | 1.48 }10.06

sonorant
coronal | 1.31 | 1.16 1.21 0.04
fricative
coronal | 1.37 | 0.80 1.23 0.52 0.14
plosive
labials: b,f,m
dorsals: k, g q
coronal sonorants: Lr,n
coronal fricatives: 0,d,s,2s, Z?,f
coronal plosives: t,d, tT, d’

(20)  The quantitative patterning of adjacent coronals

(a) If the coronals are both sonorants, fricatives, or plosives, O/E is low;
(b) If the coronals are fricative + plosive, O/E is higher;
(©) If the coronals are sonorant + fricative or plosive, O/E is high.

(21)  How to derive this pattern from the grammar?
3. Gradient phonotactics and T-orders

(22) Constraints for coronals (Pater &Coetzee 2005, see also McCarthy 1988, 1994,
Padgett 1995)

FAITH Input and output are identical.

OCP-coRr No adjacent coronals (e.g. /t-n/)

OCP-COR[—son] No adjacent coronal obstruents (e.g. /t-s/)
OCP-COR[+son] No adjacent coronal sonorants (e.g. /1-n/)
OCP-COR[—son][acont] No adjacent coronal obstruents agreeing in

continuancy (e.g. /t-d/)



(23)

The constraint violations for coronals

FAITH | OCP-cOR | OCP-COR | OCP-COR | OCP-COR
[-son, | [+son] [-son] !
ocont] | i
t-d | td * * E *
OTHER *
t-s t-s * ! *
OTHER *

t-n t-n | *
OTHER * ! ! ! !
|t | — =

OTHER *
(24)  The factorial typology for coronals

#1 #2 #3 H4 #5 #6 H7

/t-d/: t-d t-d OTHER OTHER OTHER OTHER OTHER
/t-s/: t-s t-s t-s t-s OTHER OTHER OTHER
/t-n/: t-n t-n t-n t-n t-n t-n OTHER
/1-n/: I-n OTHER 1-n OTHER 1-n OTHER OTHER
(25)  An implicational universal

<t-d, t-d> --> <t-s, t-s> If /t-d/ is realized faithfully, so is /t-s/.
(26)  T-order as pairs of <input, output> pairs

(@ <t-d,
(o) <t-d,
(c) <t-s,
(@ <I-n,
(e) <t-s,
() <t-n,
(9) <t-n,
(h) <t-n,

t-d> -
t-d> -
t-s> -
I-n> -
OTHER>
OTHER>
OTHER>
OTHER>

-> <t-s, t-s>
-> <t-n, t-n>
-> <t-n, t-n>
-> <t-n, t-n>
--> <t-d, OTHER>
--> <t-d, OTHER>
--> <t-s, OTHER>
--> <l-n, OTHER>




(27)  T-order as a directed graph

<t-d, t-d = 0.14> <t-n, OTHER>

' AN

<t-s,t-s =0.52> <I-n, I-n = 0.06> | | <]-n, OTHER> <t-g, OTHER>

N/ l

<t-n, t-n=1.23> <t-d, OTHER>

(28)  Observation: Implicational universals are reflected quantitatively in the Arabic
lexicon. What is typologically marked is quantitatively underrepresented. Why?

(29)  Consider again the violation patterns for coronals:

FAITH | OCP-cOR | OCP-cOorR | OCP-COR | OCP-COR
[-son, : [+son] ! [—son]
acont] 5 .
td |td IR I S
OTHER * ' ' ' '
t-s t-s : : : * : *
OTHER * ' ' ' '
tn_ |tn | | | L
OTHER * ! ! j j
In_|In a — =
OTHER * ! ! ! !

(30)  The rankings required for the faithful mapping </t,d/, [t-d]>

FAITH >> OCP-COR A
FAITH >> OCP-COR[—son] A
FAITH >> OCP-COR[—son, acont]




(31)  Faithful mappings ordered by the amount of ranking information

</t,d/, [t-d]> (O/E = 0.14):

FAITH >> OCP-COR A

FAITH >> OCP-COR[—son] A
FAITH >> OCP-COR[—son, acont]

A 4

</t,s/, [t-s]> (O/E = 0.52): </I,n/, [I-n]> (O/E = 0.06)
FAITH >> OCP-COR A FAITH >> OCP-COR A
FAITH >> OCP-COR[—son] FAITH >> OCP-COR[+son]

— =

</t,n/, [t-n]> (O/E = 1.23)
FAITH >> OCP-COR

(32)  Unfaithful mappings ordered by the amount of ranking information

</t-n/, OTHER>:
OCP-COR >> FAITH

/\

</l-n/, OTHER>: </t-s/, OTHER>:
OCP-COR >> FAITH v OCP-COR >> FAITH v
OCP-cOR[+son] >> FAITH OCP-CcOR[—son] >> FAITH

</t,d/, OTHER>:

OCP-COR >> FAITH v
OCP-COR[—son] >> FAITH v
OCP-COR[—son, acont] >> FAITH

(33) Two different ways of looking at T-orders:
(a) EXTENSIONALLY in terms of factorial typologies
(b) INTENSIONALLY in terms of rankings

(34) Summary: T-orders arrange the <input, output> mappings by decreasing
complexity, where complexity is measured in terms of the amount of ranking
information.
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The Complexity Hypothesis (preliminary version): The O/E value of an <input,
output> mapping is inversely correlated with its grammatical complexity.

4. Why should the Complexity Hypothesis be true?

(36) [Thanks to Michael Kenstowicz (p.c.) for raising these issues.]

(37) A language's vocabulary is largely a matter of history and the result of
extragrammatical events such as language contact.

(38) Thus, it is probably not literally true that "when new words are added to the
lexicon, forms that are more well-formed are more likely to be added than forms
that are less well-formed" (Coetzee 2006a:382).

(39) What may be true is that over time, all else being equal, a language's lexical stock
will favor less complex items over more complex items.

(40) For example, stems may form prosodically natural classes (monosyllabic,
disyllabic, etc.), affixes may be restricted to natural classes (dentals, etc.) In this
sense, the lexicon is a single system where tout se tient.

(41) How should all this be understood in terms of synchronic grammar?

(42) The answer is not obvious in OT. The Arabic ranking must be as in (43), since all
these pairs are attested, but there is no sense in which the mapping <t-d, t-d> is
“less optimal” than <t-n, t-n>.

(43)  The ranking for Arabic (first attempt)

FAITH OCP-cOR | OCP-cOR | OCP-cOR | OCP-COR
[-son, | [+son] | [-son] |
acont] |
t-d < t-d * i i * i *
OTHER * | | |
t-s & t-3 * *
OTHER *
t-n @ t-n : : : *
OTHER *
I-n & |-n * *
OTHER *
(44) An alternative view: The lexicon of a language is not phonologically

homogeneous, but consists of subsystems, e.g. noun and verb phonologies (see
e.g. Firth 1958, and more recently e.g. It6 and Mester 1995, 2002).
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5. Extending the analysis

(48)
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(50)

Within OT, this view has been adopted by proponents of COPHONOLOGIES:
(classes of) lexical items may differ in their constraint rankings (see e.g. Anttila
2002, 2006; Inkelas 1998; Inkelas and Zoll 2003; Orgun 1996; Raffelsiefen 1999;

Zamma 2005).

Proposal: Language users value simple lexical items over complex ones: a lexical
item that requires more ranking information is at a disadvantage in comparison to
a lexical item that requires less ranking information.

It is this SIMPLICITY PRINCIPLE that is reflected quantitatively in the Arabic
lexicon: lexical items that require more ranking information are less frequent than
lexical items that require less ranking information.

Check whether the analysis still works if we include all the distinct consonant
pairs listed by Frisch, Pierrehumbert, and Broe (2004).

The adjacent consonant pairs (Frisch, Pierrehumbert, and Broe 2004, 186)

CONSONANT PAIR
LAB

LAB

LAB

LAB

COR[—son, —cont]
COR[—son, —cont]
COR[—son, —cont]
COR[—son, +cont]
COR[—son, +cont]
COR[+son]

LAB

COR[—son, —cont]
COR[—son, +cont]
COR[+son]
COR[—son, —cont]
COR[—son, +cont]
COR[+son]
COR[—son, +cont]
COR[+son]
COR|[+son]

EXAMPLE
b-m
b-t
b-s
b-n
t-d
t-s
t-n
S-Z
S-n
I-n

O/E VALUE
0.00
1.37
1.31
1.18
0.14
0.52
1.23
0.04
1.21
0.06

Assumption: OCP-PLACE is STRINGENT: there is no markedness constraint that
only targets coronals (OCP-COR), but there is a markedness constraint that targets
all places (OCP-PLACE or OCP-LAB/COR) (Kiparsky 1994, De Lacy 2002).



(€2))

The complete violation tableau

FAITH OCP- | OCP- | OCP- OCP- OCP-
LAB | LAB/COR : COR COR COR
E [+son] [—son] [—son,
! ocont]
b-s b-s (1.31) !
OTHER * !
b-m b-m (0.00) Lk
OTHER * ?
b-n b-n (1.18) ! ! i
OTHER * 5
b-t b-t (1.37) ! ! !
OTHER * E
t-s t-s (0.52) 5 * *
OTHER * E
t-n t-n (1.23) L
OTHER * ! i i
s-n s-n (1.21) ; *
OTHER *
t-d t-d (0.14) * * *
OTHER *
I-n I-n (0.06) * *
OTHER *
S-Z s-z (0.04) * * *
OTHER *
(52) T-order for Arabic: precision = 0.837, recall: 0.8

<g-1, OTHER>
<t-n, OTHER>

N

<g-Z,8-2=0.04>
<t-d, t-d=0.14>

l

<t-s, OTHER>

<b-m, b-m =0.0>

<t-g,t-s =0.52>

<I-n, I-n = 0.06>

N

N/

<]-n, OTHER>

<b-m, OTHER>

AN

<b-n,b-n=1.18>
<b-g,b-s=131>
<b-t, b-t=1.37>

<g-z, OTHER>
<t-d, OTHER~>

<t-n, tn=1.23>
<g-1, &-n=121>

/

—




(53) Caveat: O-values are typically rather low, precisely because of the strong OCP
effect. This makes it hard to test statistical significance.

(54)  Frisch et al. (2004) compared models using the residual sum of squares between
the data and the model predictions and compared models in terms of better/worse
fit (Frisch, p.c.).

(55) That said, the OT model derives explicit and fine-grained predictions that can be
in principle tested on experimental data.

6. Summary

(56) T-orders are a consequence of standard OT, not a new theoretical device.

(57) A different issue: How should T-orders be interpreted empirically?

(58)  Our proposal is the Complexity Hypothesis. This is an empirical claim that may
be true or false.

(59) The Complexity Hypothesis makes specific and often surprising predictions about
phonotactic patterns, given a set of constraints.

(60)  For example, Pater and Coetzee 2005’s constraints predict the following:
(a) The orderings [t-d] < [t-s] < [t-n] and [I-n] < [t-n] should be universal.
(b) The orderings between [l-n] and [t-s] and between [I-n] and [t-d] should

vary from language to language.

(61)  Q: Why do gradient phonotactic generalizations exist?
A: Because some phoneme combinations are more marked than others.

(62)  Q: How is this formalized in the grammar?
A: Marked phoneme combinations are more complex than unmarked ones.

(63) We have formalized these intuitions in terms of T-orders.

10
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