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Abstract: Contrary to Pothos, rule- and similarity-based processes cannot
be disting uished by dimensionality. R ather, one must consider the g oal of
the processing : w hat the system w ill do w ith the resulting  representations.
R esearch on speech perception demonstrates that the deg ree to w hich
speech categ ories are g radient (or similarity-based) is a function of the util-
ity of w ithin-categ ory v ariation for further processing .

Pothos attempts to deriv e computational distinctions betw een rule-
and similarity-based processes from the observ ation that similarity
processes operate ov er many dimensions, w hereas rules operate
ov er v ery few . H e arg ues that dimensionality can account for the in-
tuitiv e characteriz ation that similarity operations tend to allow  g ra-
dient mapping  w hereas rules operations req uire strict (discrete)
mapping . W e arg ue, how ev er, that w hether the mapping  is g raded
or discrete is a primary disting uishing  characteristic of the tw o sys-
tems and is not deriv ativ e upon hig h or low  dimensionality.

D imensionality is actually a relativ ely w eak  discriminator. I t is
based on a decontex tualiz ed notion of cog nitiv e processing  that
pays too little attention to the g oals of a g iv en computation. Cog -
nitiv e processes lik e categ oriz ation must directly support either
action or further computation. Pothos’s error is to ov erlook  the
sig nificance of this aspect of the computational problem. T he
usefulness of g radient information for carrying  out a specific
cog nitiv e task  is a more useful g uide for understanding  w hy a
g iv en process allow s more or less (similarity-lik e)  g radient map-
ping .

O ur research in speech perception and spok en-w ord recog nition
clearly demonstrates the primacy of processing  g oals ov er dimen-
sionality in discriminating  rule and similarity operations. W ork  in
speech perception and phonolog y has long  assumed rule-based op-
erations operating  on discrete categ ories (e.g ., Categ orical Percep-
tion, L iberman et al. 1 9 5 7 ). V oicing  perception is an important case
because much of the ev idence for categ orical perception of v oicing
comes from w ork  in w hich a single stimulus dimension, v oice onset
time (V O T ), is manipulated (e.g ., L iberman et al. 1 9 6 1 ).

W ith its basis in a sing le dimension, the perception of v oicing
should, in Pothos’s terms, be a clear case of rule-based processing .
H ow ev er, recent w ork  show s that v oicing  perception is g radient
for some purposes and categ orical for others. M cM urray et al.
( 2 0 0 2 )  presented subjects w ith arrays of pictures and ask ed them
to use a mouse to select a g iv en picture identified by a spok en
w ord. V O T  w as manipulated to mak e continua betw een w ords lik e
beach and peach. E x amination of subjects’ eye mov ements during
this task  show ed that subjects w ere increasing ly lik ely to look  at a
lex ical competitor (e.g ., the peach after hearing  “ beach” ) as V O T
approached the categ ory boundary. I n other w ork  using  similar
V O T  continua in another eye-track ing  task , M cM urray et al.
( 2 0 0 3 )  and M cM urray et al. ( in preparation) found v ery little sys-
tematic sensitiv ity to such w ithin-categ ory v ariation in V O T  w hen
the task  w as to identify initial phonemes desig nated by ortho-
g raphic letters rather than pictures.

W hy do perceptual categ ories appear continuous (sug g esting
similarity-based operations) in the first ex periment, but discrete
(sug g esting  rule-based operations) in the second?  T he reason
seems to be that in the contex t of speech recog nition (w hich is bet-
ter tapped by the picture-matching  task ) , v ariation in V O T  is cor-
related w ith future and past acoustic ev ents ( lik e v ow el leng th,
pitch, and prosodic streng th) that may be useful for processes in-
cluding  rate normaliz ation and the use of prosody to disambig uate
syntactic structure. W hile these processes may be essential to the
interpretation of connected speech, they play no role in the cate-

g oriz ation of isolated CV  syllables. T hus, in the phoneme categ o-
riz ation task , w ithin-categ ory v ariability along  the same sing le di-
mension is noise and is best discarded.

T his observ ation is consistent w ith a g row ing  literature show ing
that w ithin a categ ory, v ariation affects the dynamics of lex ical ac-
tiv ation during  w ord recog nition (A ndrusk i et al. 1 9 9 4 ; D ahan et
al. 2 0 0 1 ; G ow  &  G ordon 1 9 9 5 ) . S trict matching  in the form of cat-
eg orical perception of speech sounds discards v ariation. T his may
mak e hig her-lev el processing  more efficient, but only if the v aria-
tion that is lost is uninformativ e.

W ork  in the perception of law ful phonolog ical v ariation is a case
in point. I n E ng lish, ling uists describe a rule for coronal place as-
similation that states that a seg ment w ith coronal place of articu-
lation (e.g ., /t/ , /d/, or /n/)  tak es the place of articulation of a fol-
low ing  non-coronal seg ment (e.g ., /b/, /p/, /m/, / g / , / k / , or /ng /) .
A s a process operating  on a sing le dimension (place of articula-
tion), place assimilation w ould appear to be a clear ex ample of a
rules process. H ow ev er, close analysis of the acoustic conse-
q uences of coronal place assimilation sug g ests that it tends to cre-
ate g raded v ariation. F or ex ample, in the phrase “ rig ht berries,”
assimilation g iv es the [t]  properties that are intermediate betw een
those of a [t]  and a [p] ( G ow  2 0 0 1 ; 2 0 0 2 ; 2 0 0 3 ) .

T his has fundamental conseq uences for perception. I f modifica-
tion w ere complete, listeners w ould need to rely on hig her-lev el in-
ferential processes to determine if the phrase “ ripe berries”  re-
ferred to the r igh t berries or the r ip e berries. S uch a modification
w ould be perceptually destructiv e in that it w ould neutraliz e any
contrast betw een rig ht and ripe. H ow ev er, if modification is g raded,
listeners may potentially rely on perceptual processes to both re-
cov er underlying  form and also anticipate upcoming  contex t. T hat
type of process is perceptually enhancing  because it preserv es in-
formation about underlying  form w hile potentially encoding  infor-
mation about upcoming  contex t. E v idence from ex plicit online be-
hav ioral task s such as phoneme monitoring  and form priming  (G ow
2 0 0 2 ; 2 0 0 3 ), and implicit measures including  spontaneous eye
track ing  and E R P (G ow  et al. 2 0 0 3 ; G ow  &  H olcomb 2 0 0 2 ) show s
that g raded assimilatory modification creates a rang e of contex t ef-
fects that are not found w hen modification is discrete. T hese in-
clude reg ressiv e effects enabling  the recog nition of the underlying
form and prog ressiv e effects facilitating  perception of the contex t
that follow s assimilated seg ments. G radient modification encodes
information about multiple seg ments, and listeners’ sensitiv ity to
that g radiency allow s them to ex ploit it fully in perception.

I n summary, processes operating  on v ery few  stimulus dimen-
sions may show  either the strict matching  associated w ith rule-
based processes, or g raded matching  associated w ith similarity-
based processing . T he distinction betw een these types of
processes reflects the potential v alue of subcateg orical informa-
tion for further processing , rather than the number of dimensions
under consideration.
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Abstract: D raw ing  on an ex ample from artificial g rammar learning , I  pre-
sent the case that similarity processes can be computationally identical to
rules processes, but that participants in an artificial g rammar learning  ex -
periment may use different processing  modes to classify stimuli. T he num-
ber of properties and other representational differences betw een rule and
similarity processes are an accidental conseq uence of strateg ies used.

I f rule processes and similarity processes w ere separated by the
number of properties inv olv ed, as Pothos sug g ests, it w ould be im-
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