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as this and that, here and there, and me and you, the higher and farth
front vowels are found in the word that means “self’or “near the self,” the
lower and farther-to-the-back word means “other” or “far from the self.
true not only in English but in many families of languages.?

Perhaps this ubiquitous vowel contrast is a case of so
linguist Roger Wescott has pointed out that high front vowel
with a constricted mouth cavity and the tongue close to the visible
vocal tract, whereas low back and central vowels are pronounced with a large
mouth cavity and the tongue buried from view. That may call to mind the con-
ceptual distinction between presentness and pastness. Pastness may remind “
people of a cavity or space, because a past event is separated by an interval of
time from the present moment, and metaphorically spe
space. It may also remind people of remoteness oOf dist:
metaphorically speaking long ago equals far away. Perhaps as Indo-European :
was developing, speakers vaguely felt that lower and farther back vowels fig
better with the concept of an event separated in time from the present, and
that higher and farther front vowels fit better with an event in the here and
now.5* Of course, the Indo-Europeans had to pick some vowel contrast if th
were to mark tense with a vowel, and for all we know they ¢
ily gone the other way. But the fact that the vowel contrast ap
unrelated languages with similar roles, and was preserved and embellished
our own 5500-year game of Broken Telephone, hints that it might have son

mmamsao resonance for human Bwﬁmw.

er-to-the-

und symbolism. The
s are pronounced
part of the

aking time equals
ance, because

ould just have eas=
pears in ma Y

That is

IN SINGLE COMBAT

ow that we kn

il <<oam-mbm.ﬁ““<~ Mwﬁﬂ_wocn .Wmm:_mw and irregular verbs, how well does

2ys not so well. According to Hmwﬁrmow:wmhﬂbwoﬂw e M M.Em vell in other
nemorized wi . ’ redients of language are a li
. o WMM:MMW m:M arbitrary pairing between a mozzw mmm a M:MMMW
B irrcilor forms QH.M mmuﬁ.rmn assemble words into combinations. Reg-
ated by rule, irregular mon ty the two ingredients: Regular forms are
dissection of language H..BmMH memorized by rote.

B are clegant nwahw. chapter 2 showed that the organs that secrete
£. But the excavation i inatorial systems, just as the theory had led

avation in chapter 3 showed that the depository for 5&_%

Hm
S 1S not ﬁ._.“_.wo mk:Nmm mwum mert Hw
3 cem:our 18 éwwmﬁ H_”H@ HT.OO

FMNNHV&WG:TWQE‘ know—knew, throw—threw
1 rM: ww .\(._SNI.*QSS&V grind—ground, wind—wound
rank, shrink—shrank, sink—sank, stink—stank

bore, swear—
F > SwWear—swore, tear—tore, wear—wore

t what we wo i
b o) mwrw wamnn if they were a laundry list of arbitrary items
B M : ﬂmi and be-was are the exception, whereas if Hrm.
: quired one by one they could just as easily have been
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ﬁ_masm sentences such as Sam likes to spling. Yesterday he Al
ercent of the subjects offered splang or splung. Even éﬂrm:lw«m EOmM
some of the subjects were tempted by irregular patterns wdmm om% rea
creative forms such as dig—dag, sting—stang, slink—slank, streak—st ) :NW
skud, and clip—clap. Bybee and Moder may have m:w:omﬁmw in the meummw

viving verbs that fit the old patterns and a halo of distorted ver! ., 13 %m. H:mnmmm that gave us forms like fling—flung and drag-drug in the history
drifted off in various directions. But many verbs have joined the stre nglish: .
have jumped from class to class, and today's irregular families cr , ut maybe not. University students treat anything that looks like a test as a
original ones. Ring—rang originally was weak (with a past tense | and ﬁmwr.m%m they saw the task as a challenge to their ingenuity in coming
was attracted to the ing—ang—ung class by analogy to verbs like si th creative forms. <<m. know that outside the lab, people ruminate over ir-
happened to dig-dug, stick—stuck, wear—wore, show—shown, and jlar patterns and sometimes deduce ways in which they ought to be gener-
Some verbs that entered the language after the Old English petiac ed. Here 15 Leo mo.ﬁms m:n._ Leonard Ross’s character Hyman Kaplan, a
duced into strong classes, such as fling—flung and sling—slung. Ot jsh immigrant learning English at night school: w
from one strong class to another, such as slay—slew and draw _
drough). Still others found the weak irregular patterns appealing,
and creep—crept.!
The words-and-rules theory would be off the hook if these atti
conversions were a thing of the distant past. Perhaps the vowe
did not die out completely with the Indo-European or Germ
lingered in weakened form in parts of England for a few centa
ing up the ghost. Unfortunately, some of the conversions afe
Kneel—knelt, dive—dove, catch—caught, and quit—quit became
the nineteenth century; George Washington, for example, uset
Jane Austen used quitted. And as we saw, snuck came into En
ago and is only now becoming standard. :
The funny irregulars in the nonstandard dialects of English
ries. While some rural irregulars are quaint holdovers of old st
such as help—holp, climb—clim, and creep—crope, many, if not®
grown products of the creativity of local speakers: bring
dive—div, chide—chode, snow—snew, climb—clomb, drag—drs
fling—flang, and literally hundreds of others.?
As an experimental psychologist I have been trained not to |
unless it can be demonstrated in the laboratory on rats or SOp
knowledge no one has yet studied irregular verbs in rats, but
Bybee and Carol Moder have studied them in sophomores
that they are all too happy to generalize irregular patterns ton
asked the students in a university linguistics course (not only

d mé

course) to write down the past-tense forms of existing and B

We have seen that many irregular patterns are fossils of extinct r
in the heads of speakers long ago, but history can explain only p
terning. If the irregulars got all of their patterning from old rules and
erated steadily since the rules became extinct, today's patterns
tattered versions of the ancient Indo-European strong classes, wit

ght de pest time ‘bite’ should be—bote.”
Miss Mitnick gave a little gasp.
Bote’?” Mr. Parkhill asked in amazement. “Bote’?”
“Bote’!” said Mr. Kaplan.
- Parkhill shook his head. “I don't see your point.”
ell,” sighed Mr. Kaplan, with “iF is ‘wri
k. M . ER@M@: a modest shrug, “if is ‘write, wrote, written’ so
ic cymbals crashed in Mr. Parkhill's ears.

e is not such a word ‘bote,” protested Miss Mitnick, who took this all as
al affront. Her voice was small, but desperate.

soch-a-void!” Mr. Kaplan repeated ironically. “Mine dear Mitnick, don’ I

s not soch a void? Did 1 say is soch a void? All I ...v
be soch a void?"™* id? All I'm eskink is, isn’t logical

nts M: Mwm spling experiment also may have thought to themselves
§ ould be soch a void?,” and may have concocted forms the Eﬁ\mV
€ used when speaking naturally. ’ )
worry is that people make note of irregular forms, especially in

- .
e hﬂm_moﬂm.“ and consciously use them in wit and wordplay, as we
in the previous chapter and can sce in these old jokes: ‘

ts into ii ’ i
a taxi in Boston’s Logan airport and asks the driver, “Can you

eplace where I ca ?
o n get scrod?” He says, “Gee, that's the first time
e pluperfect subjunctive.”
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cre so spectacularly red
“Are they dyed?”
put ‘em in water

o0ss some cut flowers that w
ske. “These are amazing,” she said.
“No, no, not at all” he said. “Just

A friend of mine came act
she thought they must bef
The florist shook his head.
and they 1l be fine.”

e street by her hair. The judge

or pulling a woman down th
oliceman replied, “Yes, sir,

A man was on trial
“Was she drugged?” The p

asked the arresting officer,
a whole block.™®

H

ce’s recognizing that an odd word is odd;

or depends on the audien
ould be no joke. So just because some

re unexceptional, there w
vel past-tense form logical
oduct of the system he us
¢ of one’s intellectual fac
d metalinguistic awareness.
annot be a product of cons
make in their spontaneous $

Verbal hum
if the words we
wiseguy finds a no
the form is a natural pr
the form may be a produc
one’s language, an ability calle

But one kind of generalization ¢
errors preschool children

or amusing,
es in everyday spee

peech:

namely, the

1t was neat—you should have sawn it!
Doggie bat me [bit].
The cheerios got ate
I know how to do that.
He could have brang his so
And they swang into a roller ¢
and they were sliding and they
Elsa could have been shotten by the b
So 1 took his coat and 1 shuck it [shook].
This is the best place 1 ever sot [sat].
I bate Paul up [beat].
You mean just a little bit

n by the Marky.

1 truck myself [tricked].

cks and shoes down quick.
oaster and we went with
did a leap.

unter, right?

their cars

ty bit is dranken?’

ed through transcripts of the spe¢
pulled out all the past te
umerous irregular forms

logist Fei Xu and I comb
in an electronic archive and
20,000 in all.8 We found n

The psycho
nine children
participle forms,
not standard English:

fling—flang
g.s,\:%lu.ssﬁmm&
lift—left

crush—crooshed
fight—fooed
fit—feet

heat—bate
bite—bet
hring—brid

it does not mean that
ch. Instead

ulties reflecting back onto

cious cogitation
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Children don’t m
Fthe o@@oﬁ:ﬁ%%mlwﬂmﬂww wﬁ%& very often—only in two tenths of 1 percent
the tape was running, and Wm wWOm the nine children made at least one SMM
into the school-age ﬁwmﬁm H rm ow Hrmn. children continue to make them w m
cption Win I Wit 1 Q:. ave a drawing from a seven-year-old girl with &M
oI5 and 1 remenmber HTM Mﬁﬂ:& chre and it wus Sowing so i braing m =§m
roght a5 2 past when I was twelve I had a persistent o
ense of reach, on the analogy of teach—taught urge to use

(4

" The irregular patte .
mHEQQOéo&M EmHMMMMMmM to &m.. Hﬁmm&mw verbs are supposed to be a list of
B crning Left behind by | y HMHw just like duck and walk, with only a trac o_H.
B < and extend them Howsmmm@ mmﬁwn rules. Instead, people extract the Mmm-
errors like breaked, in neologi e just as they do with the regular pattern i
SIS ammima msmmaam M_ww. moshed, and in the wug-test. The &H,M
B o 55 tles n rregu mw inflection, and therefore between words
s just like the re :_Mﬁoﬁ. Either the irregular patterns are generated
B o les in the mwmﬁm : r ﬁmﬁma, or linguistic productivity does not d
e the patierns in _Sw ace but can arise from words via some ability t .
B e oiies have MMM S%&m with the patterns in new ones. ty to as-
; g nglish past-tense syste . Hm<w_owmm into famous, full-blown theories of
es in the modérn mnw%ﬂm. th e lash is one of the most vigorous contro-
hilosophy, computer scie e mind, echoing through psychology, linguis-
wative phonology dovelo :Mm_wm:m neuroscience. According to the theo
? Every drop of Wmnmaaﬂm ¥ Noam Chomsky and Morris Halle, E_MM
B4 out into rules, and ob_m H past-tense forms, regular or irregular, is
Emsmm_ lexicon. %nng&: <H Mrnoawammmmmv desiccated residue is mnoh.mm
ctionism developed b %mo.m M theory of parallel distribuied processing
les: People store mmm% £ umelhart and James McCGlelland, there
8 bast-tense forme ooanosm _um.g\mmd the sounds of stems Ewm th
e o ol <<o&v mm generalize the associations to new word :
511 Both theories i . words if
fation to explain how peopl cories invoke a single kind of mental
fative phonology i's w:_mm Mzmmmﬁwﬁm regular and irregular forms, but
Eog all the way up. the way down, whereas for connection-
L over irregular
ieated vMom:mMmmww sz&mv\. call to mind the remark that academic de-
B e debae i M er at stake. But in this case something is at
W0 very different w ¢ latest battle in a centuries-old disagree-
i ays of understanding the mind: B

1
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When a man reasons, he does nothing else but conceive a sum total from addi-

tion of parcels, or conceive a remainder from subtraction of one sum from an-
other; which, if it be done by words, is conceiving of the consequence of the
names of all the parts to the name of the whole, or from the names of the whole

e of the other part. . . For REASON is nothing but

and one part to the nam

reckoning.}*

Tn this passage from Leviathan, written in 1651, Hobbes uses reckoning in

the original sense of counting, calculating, or computing. For mxmaw_m,w:w-
£ “man” is “rational animal.” Then if we are told that some-

pose the definition 0
thing is “rational” and an “animal” (names of parts) we can deduceitisa’

(name of whole), and if we are told that something is 2 “man” (name of whole)
and that it is “rationa ” (name of one part) we can deduce thatitisa rational
“animal” (name of the other part). These steps could be laid out as mechanical

{nstructions to recognize and copy

could be “reckoned” or computed by some

and “animal” even mean. 1f the symbols are patterns in the

cepts “rational”
brain rather than words on a page, and the patterns trigger other patterns bé

cause of the way the brain is wired, then we have a theory of thinking.
Among the people influenced by Hobbes was Leibniz, who was inspired¢ @
well by John Wilkins and other designers of artificial languages discussed #
eibniz took Hobbes literally when he said that reason is nOTIIE
but reckoning. He devoted much of his life to inventing a scheme that w
perfect the computations underlying thought, turning arguments into calcy
ies as obvious as errors in arithmetic. “Once t

tions and making fallac
been done,” he wrote, “f ever further controversies should arise, there s

be no more reason for disputes between two philosophers than betwee

ors. All that will be necessary is that, pen in hand, they sit do
et us calculate.”1? In one ¥
is ass

chapter 1. L

calculat
gether at a table and say to each other . .
of Leibniz's scheme, “nan’ is assigned the number 6, “animal’
and “rational” is assigned 3. Since 2 X 3 = 6, a rational animal must vmﬁ
since 6 + 3 = 2, a man is not just any old rational being but specifically@
nal animal. If the number for “monkey” is 10, one may calculate that /%
are not men O vice versa, and that monkeys, while animals, are not 1
The idea that intelligence arises from the manipulation of symbols
{s a major doctrine of the school of thought called rationalism, 8€1€
ciated with Leibniz and Descartes. When the symbols stand for words 88
rules arrange them into phrases and sentences, we have grammal

‘man’

words, a kind of symbol, and therefore
one who has no idea what the con=
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of Cartesian linguistic i
s, which later inspired
When the symbol spired Humboldt and th
s st en Cho

- forence, we have | Md.m for moﬂomwﬁm and the rules string them into nrma.smwvw
tificial intell gic, which became the basis for digital ¢ e

< elligence systems that run on them d omputers, the
cognition.’® , and many models of human

But symbol manipulation is not the only way the mind might work
ight work:

There appear to be -
omblamoe, contig %H“w _M.Mmm principles of connection among ideas, namely, re-
amber of uniform effect SeL Ewnm. and cause or effect. Experience shows ”Hm a
endowed with similar mmuw_uw_mm:_csm.maoﬂ certain objects. When a new object
and forces, and look for mw e qualities, is produced, we expect similar voémwm”
R f— _.Wm ike wmmnﬁ From a body of like color and consi

ike nourishment and support.16 sistence

_: ﬁrum mmmmm@ muo:w wzm “— H _m m:\ ULy v OQ:ONH“NNNNW Nm::w&; H\ ‘S&N_Mﬁ&:&ﬁ:%v
Hu Q
cwm. MHEMEQ summarizes ﬁmww HHHWDHV OM associationiss Nv a HHHNGUH _”wﬂ—wﬁ Om wam

Y roo~ Om irici
at are @%m

nced together or t :
mgnwﬁmmwisﬁ Hmvrmﬁhoow alike (Hume later eliminated cause and eff
K o p Ew generalizes to new objects according to thei ect as
C n ones. Just as the rationali elr resem-
nalists were ob
mar, the a o e obsessed by ¢ : )
; Oor . .mmoMmDoEmﬁm were obsessed by memorized <<on owgvmsmﬁodmu
4 TN, U . s. In his 1
g an Understanding, John Locke pointed to the wa_uzw o
ary

A E@D—UOuw —Umﬂs\mmuw W OH&.W muwm ﬁmuﬁc S ﬂ w
m S

ind forms associati
4 ations by contiguity in ti
e iguit .
dog” in th guity in time: We learn d
R og when
- presence of a dog. Replace Locke and Hume’ 8 Mother
e @_C.mrgﬁm gnr :wﬁwaﬁ—:x hw « , umes H&.@m.mc or :mmdu
B obo b, s and “responses,” and you get the behaviorism of
S and the mwmo&.mao:mo,wﬁwﬁm B. F. Skinner. Replace the ideas with admm
connections,” and k
d wEMmFm# and James McClelland you get the connectionism
great debate b L ,
R oocwns\wm: ﬂnodmrmg and empiricism is familiar to eve
se in phi
5 such issues as ,Mr_u nMOmo@r& w&\oro_o@m or the history of Emwwoﬂm
k slate on which HM er the mind is packed with innate mn.:oz:m. 0
3 € environment writ '
trom making deducti . ites, and whether knowle
" mmmcmmﬁrmn MMMM:m szmH theories or gathering data from ovmmMMm
erns us here is th i
ular, whether intelli e nature of our mental machi
er intelligence arises from the manipulation of wnwsw-
symbols

Sociations b

! etween senso; ..

. ualities. And th )

Sh past te . Q@ . Ana the compet .

nse provide us with an unusual owwon:inw i theories of
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It's been three hundred and fifty years &snw L
debating rationalism and empiricism. .wm:r .m&mm ap
ence, intuitive plausibility, political quzmnwcoswm "
of modemn science, but these are pretty squishy criteria, "
We need a concrete, richly studied Emﬁsnm of EENMM ehacts. |
two grand theories can go rmmm-no-rmwm in m%_amsm:m o ightest ——

In ancient warfare, an army sometimes éoc. w.m N noB_umﬁ. The outcome
face his counterpart from the opposing army 1 SMW%&P - might pre-empt
would embolden one side in the actual battle that 10 o milr example is the
it altogether, sparing unnecessary Zoommro.m. The Mwoi o Tom Wolfe sug-
biblical story of David and Goliath, and in The ME 1y space ace of the

ted that a contemporary example may be foun e single ombat wadl
wMMOm in which the Mercury astronauts were mmmﬁmm%ﬁ:&n
riors m,mmwsmﬁ the cosmonauts of the Soviet GEoFﬁ o commb
times work like single combat, not v.mo.mcmm o compare
particularly apt or appealing, but because 1t1s wmmw :
theories when each is vested in a highly specific hyP
ses compete on the same ground. - rpe phe

The English past tense is the perfect m:.m. -
scribed and therefore tractable to study. Its ?msamaocm e
use have been abundantly documented. It has 0
like features that serve as hurdles that any t

nomenon is circu
tion, and patterns

brought out the best in the ingenuity of contemporary . © icl. The past tensé

i risin
side devising a clever, elegant, detailed, and surp e estem thought M:m
is the only case I know in which two great systems Y keor finary scien
tested and compared on a single rich set of data, ]

hypotheses.

o~

i bs .

What are the facts to be explained? Irregular <Mﬂmm s of patterning:
they are memorized by rote because they mwo,\.,\ thr 1o thelt base forT

First, irregular past-tense forms.are similar in mo:.

example, drink and drank share d, 1, a vowel, #, &

Jdrank has the vowel a where drink has the vowelt.

the irreg
swore, sleep and slept, freeze and %SN.m. In mmnnmﬁmwac_ﬁ b ave to be e wﬁ
and be—was share material with their stems. e serbs are jike g

can imagine a hypothetical language in which mos

Jebates some- g
t anm@rg i
two great big
thesis and the hypothe-

Jike and memory:
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with nothing in common between stem and past, each stem and each past
stuffed into its own memory slot. We need an explanation of why English does
not look like that. Let's call this pattern stem-past similarity.

Second, a few kinds of change from a stem to its past are seen over and over
among the 164 irregular verbs. The i-d-1 pattern in drink—drank—drunk, for ex-
ample, is found, with variations, in sing—sang—sung, sit—sat—sat, begin—began—~be-
gun, shrink—shrank—shrunk, and twenty other verbs. Similarly, we have

b freeze—froze, speak—spoke, and steal—stole; bleed—bled, breed—bred, and feed—fed;

teach—taught, fight—fought, and bring—brought. One can imagine a language in

~ which every verb picked its own substitution of vowels and consonants from

among the thousands that are logically possible. But generations of learners

have passed down an English language that is very different from that possibility.
' Let's call this pattern, in which the change from stem to past in one verb is sim-

Third, the verbs undergoing a given irregular change are far more similar
han they have to be. If you are a verb and want to undergo the i-d-1i pattern,
| you really need is an 7. But the verbs that do follow the pattern (drink,
spring, shrink, and so on) have much more in common; most begin with a con-
sonant cluster like st-, str-, dr-, sl-, or cl-, and most end in -ng or -nk. Similarly,
e verbs whose pasts end in -ew (blow, grow, throw, slay, draw, and fly) tend to
soin with a consonant cluster and end with a vowel. Verbs of a feather
thange together, and not just in sightings by word watchers. People extend old
atterns to new verbs, as in bring—brang, fight—fit, and spling-splung, only
en the new verb is highly similar to old ones in memory. We need an expla-
ion of why the human mind is so impressed by similarity in sound,; let’s call
ttern stem-stem similarity.

" theory with rules for irregular verbs, as well as regular ones, could explain
ee kinds of patterning. Imagine a rule that said, “If a verb has the sound
Bonant-consonant-i-ng, change i to #.” Notice that the rule doesn't spell out
-tense form letter by letter; it just says, “Change the vowel.” The rest
Input—the consonants before and after the vowel—come through in
ut untouched. We have an explanation for stem-past similarity.
uppose that the mind prefers simple grammars, with a few rules, to
grammars, with many rules. If there are fewer rules than verbs, many
have to share a rule, such as “Change i to 11.” We have an explana-
lange-change similarity.
Totice that the rule has a condition on it: apply only to verbs that have
*onants before the vowel and an ng sound after it. The condition is a
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¢ that are similar to the cling—clung mm.nm.? wﬁ& fil-
1. This could explain mﬁmﬁ-mﬁ.ma EE%SQ.&.

Joe can go over the list of irregular <9.uum in the prece HMM
D mz.p mM 1 a set of tedious rules for them: “If a verb vm.m:‘,m i
e E..H_ ,S:M oM the ee to aw,” and so on. But that would be no HBHMMQ-
and en m.umw list of verbs. A theory invoking rules must be more mﬂw
ment over the original iis e %&ﬁw&omsn& "

[8) the _vmﬂﬁm_ ns m.:—czm »\rm cm_—uw. Hﬁ mr:—h
a W;BEWH-MN m v . ) )
OHM\“ a w—w TOH esis (&) -the OHmmwmﬁ mw wchn € lidren mnu@—hHHm wor mu WHV& an @xc_mn

tion v\ ( i ] .:\Hm a
:_ ,\c__ verbs —_ ve 7 i Hrm mo. r@ ﬁHwnW 1S to “
na ._ .—U a the FD&W Om @Wﬁﬁ@Hdm X M . : .
Wv\ _m_ ___m :_.:m‘ S ._A“.:.w&. Ooamm WHOE ZOWB O*VOH:W—A%. .

mbitious theory of thi p/Chomes
.c Halle" mEmm magnum opus The Sound Pattern of mSW.TWF M_ er re
o Zoﬂﬂ Wm NMM the linguist K. P. Mohanan.!” Their rules MQ :mew MMM Mwm
: : :
oy W% 1 mmmm set of rules that capture the sound pattern om J.MMWM .Woam 3
e the li

MMM% Clearly the speakers of al

han
anguage know more t lish spealll
be in the language at 2 given moment. For example, MUMWM éwwaom@
rm%.wms .ﬁoroﬁ blicket, dax, and fep are not English words but ooﬂ r. w mmwﬁ,.“.
ers It M ", sﬁwaw are not English words and could not _u.m QTo.ﬁme@ .
gﬁhmﬁ ﬂiﬁ”mcwmmmm might recognize them as possible Mo&,m. Mwmw M.Mmﬁ WFM@:& .w_
ot other divine is joined to -2 g
. Iso know that when di o ioied ol
mdm_.mr mmmﬁﬁ.ﬁ.w.m changes from 7 to 1, and that when .O.a:s&a is HMEMEMW M
ﬁrmvs o mwha%&e the final -a vanishes, the stress shifts from the b
to become )
ble Ca to the second syllable 74,

and the vowel in that syllable ormbwmw M
he patterns of thousancs OF&H
d Mohanan accounted for t : g
Oroam@wmwwmw wwmﬁ a few dozen wfod&omwn& rules, each mmeMMMW muwohw
. . e M
o ,M.Hnrm boxes in the diagram on page 23: lexicon, morp
more
Ara:rmoa\ooamm mno

n a field called generative %ro:&ommw a mﬂﬁmmos of .
sky.
tive linguistics, the approach to language founded vw Mu %MH@ nw\mmv N
By posit Jes that replace consonants and vowels (p mes)
P e Nroam_Q and Halle enjoy the advantage of rules WH ge e
for speakers’ abi
i verbs and changes, and
comtiog B mmﬁwm“mmh”%” mOroBmw% Halle, and Zormsm.i rﬁw&ww‘mw
s mBo:W the 165-odd irregular verbs with only ¢ e
¢ rules are needed to explain the sound patteri |

gatekeeper that allows in verb :
ters out those that merely contain

regular verbs,

generalize them.
the dizzying pattern
Virtually all their othe

. - .P. .
%H%rﬂﬂhwmmmb@ and Mohanan roundly reject the word

V o) OOH:‘.:wEE.HHw 0O GHO E.O—u.. <~. w% m:.m mmsmHm.u.HH% —“Tmﬁ
. “ *u w
fion Om _v..rm m& mgmm_uw mn &NO\F% %Oﬁ%& to ﬁO—.\m.M mcmumuﬁmﬁHOHu mn W

s-and-rules dic

extends fro
n arith

o—went, Witk
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ilies like sing—sang, ring—rang, and bind—bound, wind—wound in between.18 At
one end of the continuum are the regular verbs, which are handled by a general
rule that says nothing about the words it can apply to. At the other end of the
continuum are suppletive verbs such as go and went, which are simply listed as
pairs. In between are the other irregulars, which are handled by a smaller set of
rules, each tagged to apply to certain verbs. By stipulating which verb may be
touched by which rule, the theorists circumvented the problem of crafting the
rules to single out verbs by their sounds—no small matter, given that shrink has
the past tense shrank, sling has the past tense slung, bring has the past tense
brought, and blink has the regular past tense blinked.

Another rein on rules keeps each one in a stratum (a component or subcom-

. ponent) so that it does not run wild and apply where it shouldnt. To generate

keep—kept, for example, Chomsky, Halle, and Mohanan invoked a rule that

" shortens a long vowel (changing € to &) when it occurs before a consonant
cluster, such as pt. But that rule cannot be allowed to apply across the board or

s would turn seeped into sept, wiped into wipped, and so on. So Halle and Mo-
anan proposed that the -t and -d found in weak irregular verbs like kept is not
e same as the -ed found in regular verbs, despite their similar pronuncia-
ons. Whereas the regular -ed is attached in the morphology box on page 23,
the -t or -d in the irregular verbs is attached in the lexicon box, which is also
where the shortening rule is confined. This may seem like cheating, but there
ke independent grounds for it. Other semiregular sort-of-rules that have noth-
to do with the past tense, like the ones creating serene—serenity and vol-
o~volcanic, need the shortening rule too. That supports the idea that
eral rules are sequestered together in their own little community.
e move that allowed Chomsky, Halle, and Mohanan to get away with so
iles was factoring apart each complex change into several simple ones
llowing the simple ones to be assigned in different combinations to dif-
tent verbs. For example, tell-told is produced by at least two rules, one that
nges the vowel, the other that adds the -d. The rule that changes the vowel
S0 put to work in swear—swore, and the rule that adds -d is also put to work
fled. Looking at the crisscrossing patterns in tell—told, swear—swore,
d, bend—bent, burn—burnt, deal—dealt, breed—bred, and hit—hit, one can
ee that sharing minirules that add ts and ds, that delete extra ones,
i fiddle with vowels is far more economical than building a special rule
A family of rhyming verbs.
umental contribution of generative phonology was to slice rules even
tely so that they apply not to vowels and consonants but to the compo-
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sonants, called features. The idea goes back to Roman
o. In chapter 2 we

universal trait of human languag
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y and power also accrues to rules that fiddle with
vowels if the
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their solution is the most rad-

Chomsky is famous for
peaker is an invisible,
The deep structure
corresponds
rtain con-
e to be

d this of course, and
n it comes to syntax,
ce in the mind ofas
o the mental lexicon.
a “surface structure” that
d. The rationale is that ce
ce structures, would hav
of redundant variations that would have to have

ere listed as deep struc-

if the constructions w
e simple, few in number, and economically learned (see The
. ot, chapter 4,120-1 24). Less well known is that Chomsky and
roposal for the sounds of words. Fach word has a deep
an underlying form—that may not sound like the way it is
ay be c:ﬁnobocs.mmmzm. Phonological rules then con-
s articulated and heard.
g vowels in English, Ch
erlying forms really are long versions of
] lexicon the yowels in the following pairs
ow long it would take to pronounce them, wi

e as long:

Chomsky and Halle Hmm_wwww
ical claim of the theory. Whe i
proposing that peneath m‘,MQ. mﬁmﬂm Mom ;
inaudible dee? syructure; €0 e |
i d by ﬁmnmmoHBmcob& rules into
is converte what 18 ?osossnmm and hear
0 were Jisted in the mind as surfa

omsky and Halle pro-

Their Long Counterparts
diviin (divine)
sereen (serene)
saan (sane)
profuund ( profound)
shoot (shoot)
coon (cone)

Short Vowels
din

den

pat

E:&

shot

bomb

r in how long it taki
s, so why assumil
according to 3

ns these pairs do diffe
many other ways beside
n length? The reason,
nces are redundant and predi
glish words differs only B

thongs (they glide to @ i
diphthongs. A theory E
glish vowel—leng 1
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. d the ability to store
the E”wumzm position, lip rounding, diphthongs, and s

say th
the min

sky and

ness,

f the short vowels.
are identical in

th the lo +
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dict that English could contain long 1
vowels, and . . g lax vowels, lax diphthongs,
o ot of oMMmNWMMmm: <<.o:E allow the language to contain mmwowwwﬂmﬁﬂhm
b evwelitmvento i mumn& <.0<<&m|m: counter to fact. In a better the ’
oo words Qo%m”oz Hno:g:.d w:@ the number of vowels necessary to Mw\u
1 the vowel out int mEW %. to distinguish bit from bet), and other rules would
- bestway o do & % atu 1 set of stage directions for the mouth and throat
ing long; or short, an %Mw Mo list certain pairs of vowels as differing only b _um |
b ot the wmmﬁ‘om . 0 have Hrw _A.udm versions trigger obligatory chmmﬁrmw
Oro:um_&\ o Lalle MM. ﬁaMdCdnSSoD. a
Lomeing, avhich tenses a ma_mo MMMUMMW@MSMEH mﬂm:mmrUrmw a rule of Long Vowel
dds the li . ’ a rule of Diphthongizati i
. .mem-mm&. MM_M&%M:MMW M\vm wrmwm:\m us the two-part vowels in E»mmﬁm%mm@érwww
_zsmxomwmo:w_&TmoM: mwo: .Qw-oo&., and road (ro-ood). All this is more Mumm le
iion among length nm ing in the mind of an English speaker enforces a ooﬁmm
B of prononci mmmo. msmmsmmmu and being a diphthong, and the predictable mm-
leep structu as an abstract, not-directly-prono
mw?m wmwow_mowvmm mM:/MMWH advantage, pointed out by the :sw:wmn >QMMWMM _w
B oca that Smws ) m MME Marslen-Wilson.! Consider the seemingly si .
Bosich actual wh% olds .ﬁrm actual pronunciation of a word. The NHMZ -
ght be @Houocwnmwwwmwwowwwhﬁ word? The word hand, for meEHMMH
‘i : A e enunciate it careful isti ,
e oo o ot e . e oo
of the wmmmomm érv\HMoHMM:MMM WMMMOW the ng sound in hand care. (That is
2 o Pt recognition system
. ..moﬂmMOmeaHon:wm me,mmw in isolation, are still poor mmenomNHHMM MWOWMWN
A .mnrm q” wn.mw Chomsky and Halle proposed, the dictionary en-
sal” and “dental” QMHMMHMMHWwMHWMMMﬂ mmwﬁmam of hand are listed, say,
sonan : » and they are fle i
. ..nmww“%:HWw:nWmn HMOHW in different ways in &Mmmwma MWMMWMN@HMM:
B ould embrace the hand that appears in hand, hand )
Chomsky . n_om m_._ S
an a
m.odd in memory %mﬂﬁdﬁ“ﬁﬁﬁﬁﬁﬁ ﬁrmw merely claiming that words
at the underlying form of ical to ther .Eo:::nwmmo:m. They pro-
b Tn particuler b of a word can be wildly different from its pro-
t lowers the lon e WS@mem a complicated rule of Vowel Shift that
B e G v g vowels, reenacting in the minds of modern English
owel Shift of the fifteenth century. In other Sowmm:mﬁ%
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claim that ontogeny recapitulates phylogeny,
words in our mental dictionaries correspond to
wno:oc:nmm them (even though Chaucer, if he trave
century, would sound like a German to ou
Halle theory, the mental representations of word
past millennium, and in
glish has changed primarily
whic
the dialects evolved, captures our i
Chomsky and Halle pursue the implications. Everyone agree
spelling system ought to be stable across tim
read the writings of our mawﬁ-mumwﬁ-mamsmwﬁmsﬁmu
side of the Atlantic, even if they pronounce words
do. Also, a spelling system
identify the content of a word,
flicking that can be predicted from the content and that peop
execute as they talk. By these criteria,
spelling is not 0
mess, but “‘comes remarkably close to being
tem.”?0 Optimal for us, optimal for other modern En:
for all the recorded dialects o
orthographically challenged, s
dents and writers? Forget cough a
spelling fis
and all the other complaints about crazy English:

A moth is not a moth in mother,
Nor both in bother, broth in brother,
, And here is not a match for there,

Nor dear and fear for bear and pear.

And then there’s dose and rose and lose
Just look them up—and goose and choose,
And cork and work and card and ward,
And font and front and word and sword,
And do and go and thwart and cart—
Come, come, I've hardly made a start!

A dreadful language? Man alive!

and that the deep structures of
the way Chaucer would have
led through time to our
¢ ears). According to the Chomsky-
s in different centuries over the
all the modern dialects of English, are the same; En-
by adding phonological rules. And English spelling,
h did not track the Great Vowel Shift or other changes in pronunciation as
nderlying mental representations of words.
s that a good
e and space. We should be able to
and of people on the other -
differently from the way we
ought to encode only the information necessary to
not the trajectories of lip pursing and tongue :
le automatically
Chomsky and Halle concluded, English
nly exonerated of the charge that it is an illogical, sadist
an optimal orthographic s
glish dialects, and opti
f the past several centuries!?! Hear that, all
ﬁmz-nrmowg-mmwmsmmsr solecism-prone
nd rough and dough and plough, and ght

h, and George Bernard Shaw’s campaign to reform English spel
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I'd mastered it when I was five

And %mﬁ to write it, the more I tried
I hadn'’t learned at fifty-five 22 ~

What led Chomsky and Halle to thi
to extirpat is shocking conclusion? .
Al m.”%ﬁm M MMM hanMMm needless redundancy and ooﬁw_mmhmw.hﬂﬁﬁw the drive
ule for ?mm&l@&&wmm MM%.&ZQ% we really do have a clean mroﬁmbwsmwwdmwmﬂa
breed has a moczmw_oz ﬁrm ) %.Eowlmwcﬁ and lose—lost. The underlvin Noum o
ates bred in a single mﬁM@ M\Mwhomwawm Mr% w in bred, so the mroﬁmsHmm:Hﬂ.Mm
not double-! | rly inconvenient fac . _
b lowed by M.MNHM %EH\ Wm SMS rms&.o& by Vowel Shift, SMMWNMMM& ﬂﬁmM _._H..G
Now if it was only mm.r m:mwu HBmew it breed, followed by Diphthon mH. it .S&.
Shift rule, the savings So:ww Mm irregular verbs that benefited from Mﬂwmﬂo:.w
'~ changes to ¢,” and so on. Th e Mm:Q compared to simply stipulatin ﬁroé.w.
at other rules that can b e senes begin to mount, however, irmdm MH .
B 0 the decp Em-mr.m m:dwrm.mm in exactly the same wa QM . we look
R ifted versions of vowels. With .<.o<<mvw mrwwﬁwy v.v_\ m_%w_%-
vailable to

ndle the details of the 1
. : ong vowel, each i
_ ptured as a simple n:msmmArm-_mnmnrNMme the ollowing processes can be

divi ini

ine—divinity serene—serenity

crucify- ifixi ; ;
ify-crucifixion intervene—intervention

satire—satiric

sane—sanity
kingsis~kineti
esis—ki
netic volcano—voleanic

Lengthening;
Canada—Canadian

study-studi
udy-studious manager—managerial

Ince you have the freedom to equi
i : quip people with abstrac i
ko Hrw HMWM MHMW:.FE get simpler and simpler. msww“ﬁwwlww\wwm moﬁwm
oo for M@ﬁlmgﬁlmxs% drink—drank—drunk, and so o .m
o e e Mﬁdm Mozd of to run is really to rin, mm& that wmsm_m
e ﬁMM y to the stem, not just the participle, to make M .
i ﬁrﬁm : mwwm.ﬁ-nmsmm forms of come, give, slay, and ¢ N_N@mE-
i , , Halle, and Mohanan propo .
- MWMMWI_MM wr_osﬁwﬁ that lives ::mﬁ@o%:mﬂ“mﬁﬁ“ nr_m o
T EM y, béch and fécht—and in the rmm-vmwwn_om o
: e _ummo . Of course the chs must be assassinated oo
Y, but not until they have triggered a rule ﬁrm_”m HmwvmmoMm
€s tne



past-tense form come out right. Béch gets a-t, changes to bacht
ing and Backing Ablaut rules, at which point the cht triggers Clus
ing to yield bacht before ch makes the ultimate sacrifice, resulting i

we spell bought.

What are we to make of this bold theory? As 1 mentioned at the sttty
that posits rules for irregulars can account for the similarities betwe :

and their past-tense forms, such as

same: The rule targets a vowel for chan
alone. The Chomsky-Halle-Mohanan theory pushes the perform:
to new heights, because their rules target only ¢
change (such as tongue height or vowel Jength) and leave theres
alone, too. Similarly, a theory positing irregular rules can a
Jarities in changes undergone by different verbs,

tern in sing—sang is also found in

undeniably brilliant. But is it true?

the assumption that every scintilla of patterning in the verb syst€
planation in terms of the psychology of speakers, in particular the
are distilled out into rules in the mind. Chomsky, Halle, and Mot
the history of a past-tense fors
rings to mind an a4
1 are fossils oF T8
&JOEWT they ar
elp from the nt

rule derivations often recapitulate

over the om:nsamm\lmo:vgmﬁ&%\lmsm that b
out chapter 3: that the patter

- nation used through

long ago. The surviving past-tense forms, sermilawful
ply be memorized by today’s generation without any h
The defunct-rule explanation has an advantage over the G
Mohanan theory. Children don’t hear underlying forms,
vided with lessons about the tules that turn them into audi
They hear only the surface forms. If the rules and underlyin
some role in mental life, children must infer the cascade
ated the surface form, run it in reverse, and extr
the suggestion that English-speaking children hear ru# and 1
fight and infer the German-sounding fecht is, frankly, beyond B¢
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why swing and swung are 80

ceoufit

Not necessarily. One probl

and th
e

of

ge, and leaves the rest

for example, wh!
drink—drank and sit—sat: A fe
shared by many verbs. Here the Chomsky-Halle-Mohanan th
with a vengeance, forcing almost 165 verbs to share only three
Any theory that can tame the quintessentially unruly English
tense system with only three rules, cach delicately adjusting a 5

gfo

by the Lowe 4
ter Shortens

ertain features ofa

act the underiy®

of !
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First, why would the child bother if the rules are there only t
surface moH,ET and Wrm WEE already has the surface form? me MWMMMMHMMM
sentences, where the child needs rules to generate an Em.:.ﬁ
ones; with word roots, there are only a fini : Wy
1 child wanted to ferret out rules m:mwwm,“wmnwﬂ“_”“ H_MMMWMMW_WSN e mrm
the right ones if the crucial clues—the ones :bmﬁmwm themsel o m<9..?.i
cover the w&mm|m8 found in pairs of words the children ézw;_um S &.w-
_ mmz_&oom. if ever, such as serene and serenity, manager and man mm.dw oj? i
and kinetic? At one point Chomsky and Halle concede the ?.MMNH wwmx_mww

il

A

hat ﬁrmﬂwmmﬂﬁaama is only what children would construct if, hypotheticall
. ; , ica
ey noﬁr Mumw H_rm mH.::.m vocabulary in one sitting before figuring out Hrvm
_Hnm,ﬁﬂ; er | m:rmmHE:m Hmm everyday words first. But then it’s not clear what
. eory is a theory of—it is not, by their concession, a theory of how real
dren %J@Ewm words or how real adults represent them. It may be interest
to ﬂm M m% _MH a ﬁrw:mrn experiment of what an optimal child ought to do if
mm& mH .mmﬁ Msﬂﬂm _mﬂmcmmm to mull over at once. But that exercise would
Luseful only if the hypothetical child were ideali
. a good idealization of a r. i
u eal child
. wM Mm mﬂu.mmoﬂa ﬂmww <<mr< would real children be equipped with an mg.:aw
ract intricate chains of rules and arcan i
ftract it e word entries if the
i ‘ y could never
Mm MWEQ Sﬁwmm Ms the real world, and if the net result is the same lan
as the one they do acquire in the real i -
: world? It is more likel i
- . the ely that chil-
E M,\%wwm Mw the HMQ;& dictionary in a form that is not radically
) ntent from what they hear (though i
- gh it may be more sch i
e, it's not so clear that the th i chematte)
ought experiment would
and Halle suppose it e
would. The word pairs th i
R e uld. pairs that motivate the
] as kinesis—kinetic and int i
| : 3 . niervene—iniervention,
E >=w mdooﬂ:ﬁmamm in writing or in the conversations of literate
._m<m:.ﬁ mmm%omﬂ who needs to use these vowel patterns in a new word
( of having seen similar words in pri
fricec of havin s in print. People who are literate
trained, usually wi i
ssociate the sounds 4 and w “HMW H:n_r s 1 oun o s
i i e letter a, the 4 g
L ; sounds ¢ and é
" nd so on, when they learned the alphabet. That means that
ave to make a choice from among the sh i
i new words such as i e e bt
i 5_ contravene—contravention or elide—elision, they
: eir knowledge of the alph “
; abet, n
. mzmrmw N p ot by a naturally ac-
Ips the bi :
L ﬁwmmﬁmmﬁ problem is that the Chomsky-Halle-Mohanan the
: ] m : . - I3 . i
_ ird kind of similarity running through the irregulars:
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in sti o sling, stink, sink, wEE.m, and

e e WEHM“WW%M@MNFE moH the m.man%_m is ooh-

e e (v for each verb says, Apply Lower vm

verbs DY i Q_&Smm coincidence that all ﬁr.m verbs
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ﬁmﬂm& %:r\%eaw. How can a theory that re-
a

d to these i
Mﬂwﬂﬁ .Mv Me.” But then it Wm mwm
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ry drop d the changes applying to an-
lntlesslysoake ¥ o lying to one stem an
e changes 3PP y

the stems
] ancy among all

between th plivious to the massive redundancy o mmdmﬂm_ﬁm i
other stem, be 50 0 how is the speaker suppos

undergoing 2 ¢
rules to new verb

Jies is to disti

lated ones? to rm:&m these families 18 v, In ¢ i family the
The o?:.ozmm%ﬂwor it as a condition to ﬁr_m ch .w Hm_ m*o_woﬂoézmm b um. .

. s :mmns E ng. Th
EE:sﬁoﬁm m o:msﬁo

by a cons N
vowel tends to De ?mnmmmm aw:&ﬁmm into the features nasal (pro
e

furt .} the tongue against the
g can be onounced with t el ol

0s€) mﬂ% em:ﬂr MWH e rule should be “Lower the vowel fro
). Per aps, ,

e mﬁﬁmﬂs GQv@MQ:S:ﬁ OQ:\MQI\as\ﬂlwl _\NMQ\— nasa C

ission and omi
ke exrrors both of commi :
rle woult Bm?mcs.mrﬁ and spring—sprang, which d

fude wﬁs.HbM it would falsely exclude stick—stuct
to U,

i i the class, but e

bs obviously v&o:.m in :

which mw. %”mmmh Mwmwwmr. The k of stick is not 2 5mmnmm <1mf,m..

ondieer unced at the same place in the MSC r.?, )

veler ﬂoﬂwﬁ but itis a nasal, wuoﬂocbnmm throug r
me—wm. v iy

if they are constrained to ap
s

consonant %,
through the ™
palate or velum
to # if the stem r.w
Unfortunately, ﬁrﬁ
It would falsely 1€
change their yowels
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which is why Chomsky, Halle, and Mohanan didn’t bother looking for
the conditions that triggered each rule but resorted to listing the verbs indi-
yidually.

The other irregular families work in the same way. For example, blow-blew,
grow—grew, and throw—threw are stereotypical ow—ew verbs, but the rule for
the class cannot demand that a word conform to the condition consonant-
consonant-6. Know—knew is in the family but misses the rule by one conso-
nant, draw—drew and fly—flew miss by a vowel, and slay—slew and crow—crew are
neither clearly in nor clearly out, but muzzy.

Membership in an irregular family is also probabilistic when it comes to

.~ people generalizing a pattern to new verbs. Dialectal irregular forms tend to be
" close in sound to many members of a family. For example, bring—brang is close
' to sing—sang, ring—rang, spring—sprang, drink—drank, and shrink—shrank, and
write—writ is close to bite—bit and lightlit. Fei Xu and I found that children’s
creative irregulars work the same way. The childhood error swing—swang is
_.EOmm to sing—sang and all the rest; sleep—slep is close to feed—fed, bleed—bled,

meet—met, and so on.2> Bybee and Moder even quantified the effect by pre-

nting their adult volunteers with nonsense words that varied in similarity to
typical members of the ing—ung family. Spling and skring fall smack in the
ddle of the family, and about 80 percent of the participants came up with
s like splang, splung, skrang, and skrung. Krink, trig, and pling are less
lar, and only about 50 percent of the people suggested krunk, trug, or
Vin, sid, and kib share only a vowel with the verbs in the family, and only
it 20 percent of the people provided forms like vun, sud, or kub.26
homsky, Halle, and Mohanan have tweaked rules for maximum perfor-
ce, but at a steep price. They were forced to make incredible claims about
ental entries of words, and their theory cannot handle the fuzzy and sta-
I—but psychologically active—patterns of similarity among the verbs

going a rule. The irregular patterns are just not very rulelike, and call out
0mething very different.

1€ psychologists David Rumelhart and James McClelland announced
ficial neural network model of the past tense in 1986, the reaction
fisational.27 Here was a model with none of the paraphernalia of linguis-
19 Words, no rules, no modules—but it acquired several hundred regular

ar past-tense forms, generalized their patterns to new verbs, and
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made errors such as breaked and comed, just like children. COMPUTERS MIMIC
e Chicago Tribune. A TURNING POINT IN LIN-

BRAIN IN TEST, said a headline in th
the Times Literary Supplement.”® The im-

QUISTICS, Tan the title of a review in
” said the reviewer, because “to continue teaching

e would be like keeping alchemy alive.”
el helped to launch a new school of cogni-
m or parallel distributed processing, which
of networks of 58335@2& simple units
ain cells).2? Many researchers saw connec-
e study of the mind.30

plications were “awesome,
?smﬁmmnﬂ in_the orthodox styl
Rumethart and MecClelland’s mod
tive science known as connectionis
explains mental processes in terms

that vaguely resemble neurons (br
paradigm shift or scientific revolution in th
in artificial intelligence and soon were put

d controlling expensive Japanese

tionism as a
Neural bm_azo%m also became a fad
icking stocks for mutual funds an

to use in P
shing machines.

appliances like rice cookers and wa

No one doubts that language is computed by netwo
brain. Rules—even the pristine, logic
intended as high-level descriptions of processes or structures

mented in some way in neura} circ
{sm and generative grammar lies in the kinds of mental operations that aze

thought to be implemented in neural networks. In particular, connectionis:

differs from generative grammar in the way that associationism differs from

symbol manipulation. It lacks combinatorial rules organized into modules,
Jaw of contiguity (i

instead tries to accomplish intelligence using Hume’s
appears with B, associate them) and his law of resemblance (if C looks liks

let it share As associations). A neural network that works this way is n&rm,,,.

pattern associator memory OF a perceptron.
Here is how Rumelhart and McClelland’s model of the past tense W

Despite my clash-of-the-Titans buildup, the model actually shares som
portant design features with the Chomsky-Halle theory. The input te
model is the sound of a verb stem, and the past tense is computed {10
That is different from a model that computes 2 past-tense form directly .
the meaning of the verb and the concept of pastness. So Rumelhart and

Clelland are committed to at least one module—2a morphology box =
between meaning and sound. As with Chomsky and Halle, a single kind€

chinery is charged with computing the past-tense forms of all verbs, r€&
regular, and suppletive (go-went); the verbs sit on 2 continuum of

from completely @Hm&nm&_m to completely arbitrary. Past-tense form:
posed ?momﬁm&. out of miniregularities that are shared among verd:
sleep—slept combines the vowel change in feed—fed and the suffixal

ks of neurons in the

ke rules of Chomsky and Halle—are

uitry. The difference between connection-

ass
but
B

_Input Units
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nasal-stop-] .
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T <o<<m_<_um M\Mﬁnr of sound that might appear in an En _w r
e e een two stop consonants, or a back <o<<m_mm m_
Bt by oo e o%m of the word. The beginning and end M -
- R <mlum.wm m:w .n_omm brackets (“[” and “1"). There mHmo .
i me:_MoM. #._ entered by turning on the units for ﬂwo
e, Vio: ot the o ﬁw HME ar-sounding verbs share w@@ammm:ﬁmnosmm_
R oo e s ¢ at are turned on when shrink is fed in are al
R ok is fed oE (consonant cluster at the beginning of Hmo
: mmmcrmor ey MMMMHMMMM:modeE and so on). These :EM
T . . representing.
" S, Nr_wwwmowz Mmm%:o& bank of units, and they represent
o nd of the past-tense form. Every input i -
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from strongly excitatory (an input signal tends to turn the unit on), to neutral
(an input signal has no effect), to strongly inhibitory (an input signal tends to

turn the unit off). In effect each connection is 2 ?o‘owgrmmn microrule that Output .

states something like, «[f the stem contains 2 stop consonant followed by a Units Hmmwwh%m

high vowel, the past-tense form is likely to contain a nasal consonant at the

end.” With 460 input units connected to 460 output units, we have 460 x 460 *=-. adjust

=211,600 microrules in all. When an input unit is turned on, it sends a signal

down all its lines to the output layer, where the signal is multiplied by the * B

strength of each connection and fed to that output unit. Whether a given out- . s om%w%ﬁ
put unit turns on depends, in a probabilistic WaY on the sum of the signals nommm.m wm!., :

that feed into it and on its own level of triggerhappiness oF threshold. The
higher the summed signal is above the threshold, the moreé likely the umit is to
turn on; the lower the summed signal is below the threshold, the more likely
the unit is to turm off. £
In the neonate network the conmiections have strengths of zero, so the out-
put layer is completely off, regardless of the input. The connections then a 3
changed in a learning procedure, in which the model is “taught’ with a set
verbs and their correct past-tense forms. Of course, Rumelhart and McCle
land do not actually believe that a schoolmarm has to drill children with ¥
conjugations. They assume that children, when hearing a past-tense for
their parents’ speech, recognize that it is the past-tense form of a familiar
dredge the verb stem out of memory, feed it into their past tense network,
silently compare their network's output with what they just heard. Skep!
might wonder how a child is supposed to do all this without the benefit @
Jexical and grammatical machinery that Rumelhart and McClelland claim
have made obsolete, but let’s put that aside for now.
The learning procedure works like this. The correct form from the pa
displayed in 2 special layer of “teacher” units. The model compares its.
unit by unit, with the correct output ?5:@& for walk, came for comé,
on). The model then adjusts the connection strengths a tiny amot
down depending on the difference (see the figure on the opposite pages
If a unit is off (say; the unit for 4), and the teacher says it should be
cause the correct past-tense form is rang), the model has to make:
word (ring) more likely to turn on that unit in the future. All of £F
tions from incoming lines that are currently active are str¢ ngthent
and the d unit's threshold is lowered an iota, making it more tri
contrast, if a unit is oD (for example, the unit for 1) and the tea
should be off (because the correct past-fense form is rang), the 1

¢ the input word - i
P o e v EDMHM %wﬂ% to turn on that unit in the future. All of th
Rty dotins s %: “-:mm.ﬂrwﬁ are currently active are weakened .
f ) civing the co Mnﬁow down to a negative or inhibito 1 0
P> thoeshodis M:Wm M.z iota, making it less triggerhappy. el
- o rained on m?MM of verbs m.w:m their past-tense forms ‘Emmm::&
B over A given nowsmoaob will be buffeted up mnum down b
A _.ovm EP :m .m<mwnzm=< it will settle on the stren HW
- @mmﬁ-ﬁmbmm ) combination with the other nOddanaosmm f
B s oo orms. The network’s knowledge of the o
o orms is smeared across the 211,600 nosMMMMM :
i n

5 Bhe cannot poi
e point to a circu i
@ particular wi . mscribed part of the netw .
ord, a particular irregular family, or a regul o Mwmﬁ mple-
b ar rule.
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Rumelhart and McClelland trained their network on a list of 420 verbs pre-
sented 200 times, for a total of 84,000 trials. To everyone’s surprise, the model
did quite well, computing most of the correct sound stretches for all 420
verbs. That means that a single set of connection strengths was able to convert
look to looked, seem to seemed, melt to melted, hit to hit, make to made, sing to
sang, even go to went. Then Rumelhart and MecClelland challenged the net-
work with 86 new verbs, which it had not been trained on: a test of generaliza-
tion or productivity like the wug-test, the sine qua non of rules. The model
offered the correct past-tense form with -ed for about three quarters of the

new regular verbs, and made reasonable o<m~mm:m5:$aos errors such as
catched and digged for most of the new irregulars.

Even more impressively,
children as they acquire English. At one point in training it produced errors
such as gived for verbs that it had previously produced correctly. It also analo-
gized new irregular verbs to families of similar-

for example, it guessed cling—clung, sip—sep

verb from a large family, such as feel, than onto an irregular verb from a sma

family, such as blow. And it was bashful about sticking -ed onto verbs that a

ready end in ¢ or d, a common rcluctance of human beings that we observi

in chapter 2.
hart and MecClelland's pattern associator memory is not made o
1

Rumel
some miraculous wonder tissue. It works by one trick: Rather than associat]
a word with a word, it associates the properties of a word—its phonological :
tures—with the properties of another word, and thereby enjoys automatic g
eralization by similarity. That is, rather than associating drink with dra
associates dr with dr, dr with rang, ring with rang, ink with ank, and so 0B
the same time, it negatively associates Jdr with nked, ink with nked, and so Ok
inhibiting the incorrect regular form drinked. i

Crucially, these associations are superimposed across the different word
the training set. When the model trained on drink is then trained on shr#
strengthens many of the same connections, such as ring with rang 8t
with ank. That makes shrink easier to learn—most of its connection
been Emmﬁmbmﬁrm:mm|mum it makes subsequent family members, S
k, easier still. It's a short step to generalize to verbs that have 10
¢ all, such as stink—the ing—ang connections have alread
d, and the ing—inged connections have already been W

sin
trained a
strengthene

the model mimicked some of the tendencies of .

sounding old irregular verbs;:
t, slip—slept, bid-bid, and kid—kid. |
It @Homcnmm blends such as gaved and stepted that also occasionally come out
of the mouths of children. Tt was less tempted to tack -ed onto an irregular
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. ¢ from the dissection of the _m:mﬂ.kmmm
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A fourth problem is that Rumelhart and McClelland had to use some
jiggery-pokery to get the model to duplicate children’s stages of language de-
velopment. We will take a closer look at how children really do learn to use
and misuse the past tense when we examine language acquisition in chapter

These troubles are all payback for the connectionists’ distaste for carving a
complex computational problem into a few simpler ones that can be farmed
out to mental modules optimized for each. The problems could be solved by
puilding separate networks for morphology, phonology, and the lexicon, much
s in traditional linguistics but with the boxes fleshed out as neural net-
W.;\S.Ha.ﬁ

But there is one problem that cannot readily be solved by dividing up the
computation into modules. It lies at the very core of the pattern associator
model, and diagnoses the main flaw in the centuries-old theory of association-
m. The problem could not be more basic: How do you represent an entity
ade of parts in a fixed arrangement, such as a word? Units can only be on or
you can't inscribe them with symbols as if they were pads of paper or bytes
ina computer. The first solution that comes to mind is to make the units into a
netic alphabet. Assign one unit to g, one unit to @, one unit to b, one unit
and so on. Then simply turn on the units that spell out the word:

o

o QL T oan
-O0000

lis is a nonstarter. Information about the order of phonemes is lost: pit
indistinguishable from tip, Spiro Agnew from grow a penis. If that’s all
Were to words, you would be solving anagrams every time you opened

solution is to have an array of phoneme units, one bank for the first
a word, one for the second phoneme, and so on, up to the longest
4 person would ever be called on to remember:
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ing—ang—ung family, with

forcirig each other and inspiring

But in a left-to-right array, the first
Positions: 1 2 3 4 5 6 7

ring: T i ng

drink: d T i ng k

spring: s 4 r i ng

ring, such as that it has a past

Nothing that has been learned for
e two words are no more sim

ang, will transfer to drink or spring; th
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word algal meaning “straight” and a word algalgal meaning “ramrod straight,”

This is not just a quibble; i i
quibble; it expl ; .
:nd they are made up of identical Wickelphones: alg, all, gal, lga, and [al: it explains an embarrassing lapse in the performance

of Rumelhart and McClelland’s m The m W Wi
. odel. The model was mute wh
past tenses of simple but somewhat unusual-sounding words EMM MWM W:Hiﬁrw
) E) %.

Words: [algal] [algalgal] warm, and trail. And it garbl .
Wickelphones: [al [al s sreder, and mail int om§m *MMNWM@% MMMMMMMMHEM Mw_e.sﬁ into squakt, tour into
m__mw mwmm WM&% dwﬁwwsm could be simpler than copying a mnmqw o<owsw MMM WWMHW MMM wms fu-
Mm_ mmm_ :mmﬁmw_ﬂm wrmnHMWs.m&. w:m a pattern associator memory has no placeholder ommMM
] g (already used) b -t sounds wi e copied, and no operation to do the copying. All it does i ]
ith sounds, and if the training set ha e i s is asso
lga (already used) with certain combinations of sounds such as -um: P @M:w to be missing words
gal (already used) Joss, and will sit in silence or cough up a rm_.w_um%a Mﬂ . the Bomm_ will be at a
al] * vaguely associated with the sounds it has been Hmsmm o:HMM and pieces that are

All the problems go away if you bring back the rationalist theory that the

Since units are either on or off, they have no way of representing two of some- ;  mind manipulates symbols organized into hierarchical
ierarchical structures b
y rules. A

thing, and the Wickelphone theory therefore incorrectly predicts that Oykan- verb such as to outstrip mi
? 4 might b .1 )
gand speakers should not exist (nor the speakers of many other languages; _, ; p mignt be represented something like this:
words like these are not uncommon).3? Verb

stem

Also, a theory of how the mind represents things should predict what the:
mind finds easy and what it finds hard. The easy tasks should be computed by
simple operations on the representation, the hard tasks by lengthy sequenc -
of operations. Here, too, the Wickelphone makes the wrong prediction. When!
Jinguists explain to their classes how human languages use some kinds of rules
and not others, they almost always use the same example: that no language has
a rule that flips a word to its mirror-image, say, forming the plural by convel t
ing tip to pit, gum to mug, and dog to god. But a Wickelphone-to-Wickelphoté
network can do exactly that, and quite easily: strengthen every connection be
tween a Wickelphone ABC in the input and its mirror-image Wickelphon!
CBA in the output, and weaken all the other connections.
Not only is mirror-reversal easy, but it is no harder to learn than the simplé
conceivable relation between input and output: copying the stem verbatifl
which involves strengthening the connections between ABC and ABC.
only difference between mirror-image reversal and verbatim copying i$
we, the theorists peering into the model, can read the unit labels and seet
ABC goes to CBA in one case and to ABC in the other. But the model €
read its own node labels; all it cares about is the consistency of the I
output relations, and they are the same in both cases. Likewise, all kind
crazy rules, such as replacing all as with bs, all bs with cs, all cs with ds, an€

on, are as easy to learn as copying the input to the output.

Verb

stem

N

onset rime

AN N

cons cons cons Eﬁn_mﬂm OO&W

vowel
_
i P
honemes . )
- Bm mﬂm wm_.m in their correct order by a treelike scaffolding that em-
- mwwmuw ogical structure of the word (how it is built out of stems
3 18} . ’
e nr::_Am% Msm the phonological structure of its parts (how they are
, Teatures). The similarity to oth ’
Bend 1 £ . er words such as strip, restri
. M: mw Em.ormwﬂomzv\ out of the fact that they have identical w:mu
identical “stem” or an identical “rime.” And computing th
e

Past-tens i i
; e form is nothing but attaching a suffix next to the symbol

prefix

out- s t T

!
I
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Verb but I mention it to show
that
abstract symbols and complex structure are not

> Emawmﬁ_m_u_m with plausible neural network models
o H i . |
i er Alan Prince and I took apart the pattern associator model. the linguists

Verb
ﬁ athed a si i
Vb _ v:M - a me of wmrmm because they thought they didn’t have to learn neural
network modeling after all, and the co ioni o
work mo " nnectionists dropped it like a h
: ot potato.
: Vet So it is ironic that Prince and I are probably the model’s bi t docs
o \mBE/ after all, explain a major phenomenon that rule th e |
at rule theories ign di |
counts for not one but several i S erclooment. 1o |
aspects of ch ’ |
N -~ B o e pects of ildren’s language development. In
; ty-five connectionist models of the past tense that have

been devised in repl iti
y to our critique have been di i
¢ sappolintments, not _
a_wma mdva%mam near as ambitious as the original.#2 Many sidestep the SW.DM Mm
one pro i i s only
p - Hu: v.mE by using a Dick-and-Jane version of English that contains onl
m NM w<mm ic words made of a consonant, a vowel, and a consonant, such .
._Ms ﬁm: Qsm Others implicitly concede that words are composed omm b Nm
m or S m»,:._w EWH v&\aroﬁm for affixes and don'’t even bother computin MBwoﬁm
st-
ﬂ Mbwm moﬁbm ; ey merely select from an innate menu of five or six :W#mwﬁr t
) . o m.
‘ mbr or t mrEm or six suffixes or vowel changes in the language. Some oth
mecha i : .
" E&MM en Wmm to M.wa the suffix or vowel change to the stem to get a .
actual past-tense form. That unmentioned hani .
pe! past-tc mechanism, of course, is what we
i M:Me Eom&mam. beef up the network with an intervening layer of
. :Emw een the input and the output layers, but direct benchmark
{ r no improvement.*3 Each of the i
. inventors has added a di
g . ed a differ-
w : that narrowly fixes some problem that Prince and I pointed out
ram as
umﬁﬂ m_mﬂrmowmww MM: N Mmﬁow or mmEMmolv:m none defends his brainchild as
c w that part of the mind works. And
e y of . no one has made a
p prediction or accounted for several kinds of data in the way th HM
a

elhart and McClelland did.

AN N

cons cons cons nucleus coda

vowel
|
s t T i P

-ed

out-

er whether the underbrush dangling beneath the “verb ste

tstrip, jump, pump, or bfisplk—if you have a mental symbx
w how to put a suffix next to it, the entire vocabulary
our feet. Finally, since a tree structure is built out of
stem can combine with a prefix to form a ne
set beforehand, and words of any leng
dmother can be represented.
dware than the smooth purée.
but those models hardly dojus
ork modelers have showi
organized neural
f neural firing, !

It doesn’t matt
symbol is walk, ow
“verb stem” and kno
verb stemns lies waiting at y
recursive rules (for example, “a
stem”), no length limit needs to be
such as re-outstrip or great-greai-great-gran
Symbolic trees require fancier neural har
units that are popular among connectionists,
tice to the brain anyway. Recently, a few neural netw
how hierarchical trees can be implemented in more
41 One conjecture is that the periodic rhythms o

works.

,__ 1 downplayed in neuroscience, serve as the glue that binds together the

1 that represent an abstract slot in a tree and the units that represent its ¢6

'J. . [{3 ” . . .

i For me:E.m, when ﬁ.rm .cEﬁm for the o.omw slot fire at twenty Q.Bmw a henomenon, two models, both explaining

- and the units for p fire in synchrony with them, also at twenty times a s§ ing, both too flawed to be completely rich § too much to be completely

tr the system as a whole knows that the coda is p. Simultaneously, the U hin which Chormsky and Im:M e W rig m._ Prince and I have proposed a

_ . i ; can b d Ry are basically right about i ;
imes a second, and the units for i ca melhart and McClelland are basically imrnmmvo:n #ammm_%mw :m_mmnzod

gular intlection.

“nucleus” can be firing thirty t
in synchrony thirty times a second, and the system knows that the nucle

The units for “coda,” “nucleus,” p, and i are all active at the same time,
system doesn't get confused and think that i is in the coda, because thes
firing patterns link each sound to its slot. That theory may or may not BE

Bl ic < .
P v MWM “MHHM% nnrm Wmm_co:& words-and-rules theory with a twist.
e MF_MM %\ a rule that combines a symbol for a verb stem
B ix. Irregular verbs are pairs of words retrieved from

ary, a part of memory. Here is the twist: Memory is not a list
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of unrelated slots, like RAM in a computer, but is associative, a bit like the
Rumelhart-McClelland pattern associator memory. Not only are words linked
to words, but bits of words are Jinked to bits of words. The bits are not Wickel-
phones, of course, but substructures like stems, onsets, rimes, vowels, conso-

nants, and features, perhaps something like this:

cons nucleus coda

vowel

cons

Furthermore, the nodes of one word (such as string) overlap the same n
in other words (such as sling, stick, stink, and swim

show the kinds of associative effects found in a connectionist pattern associa=
ilar irregular verbs easier to store and recall be-

tor. People find families of sim
cause these verbs repeatedly stren:
occasionally generalize the irregular pa
new verbs contain material that already h
from the old verbs.

Prince and I were not the first to modify the
way. Many generative linguists have been uncomfo
Halle ethos of using industrial-strength rules to account
systematic in language. Mark Aronoff, Joan Bresnan, Ray Ja
Lieber, Andrew Spencer, and others have suggested that langua
kinds of rules: true rules that speakers generalize freely, and lexical redundd®
pture patterns of similarity among words stored in mel
ory.** A memory system in which patterns of similarity are registered and.
sionally generalized is simply a pattern associator memory, and Rumelh
McClelland have given us a sketch of how one might work.

gthen their shared associations. And peopl

words-and-rules theory in
rtable with the Chom
for everything tha
ckendoff, Rochi

i
ge uses'k

rules that merely ca

odes
). As a result, irregular verbs:

tterns to new, similar verbs, because the:
ad been associated with the patterm
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The modified words-and-rules theory may sound like a sappy attempt t
everyone 8. make nice and play together, but it makes a strong Em&n%ﬁ oqmm ;
wmm&onow is that regular and irregular inflection are psychologicall m. 1 ]
Emﬁm_.& neurologically distinguishable. But how could they be m&maw MHH r:mnm
voﬁr :%o?m patterns that people can generalize? The answer is nrmw WM : _H
Emmnnwo: depends on memorized words or forms similar to them, but ummcﬁmw
E.mmo:o: can apply to any word, regardless of whether the word mm mmmmﬂm e
trievable from memory. Regular inflection has that power because it Mmﬂwﬁv”-

puted by a mental operation that does not need access to the contents of-

mﬁmEoQ namely, a symbol-processing operation or rule, which applies t
instance of the symbol “verb.” The evidence will be So,\vm: throu mmuﬁr . m:vm
the book as we explore how words are used in conversation mnw in M :Mm.n .
how bwé words are created, how children learn their mother tongue rMm H:m.
- guage is organized in the brain, and whether the languages of H%m <,.\01M< on
form to 2 universal design. We will see how in dozens of cases of lan oe
that have nothing in common except a failure of access to memo i~ :Wm
patterns are disabled but the regular rule works fine. e
.:, muum modified words-and-rules theory is correct, it would have a-pleasing i
plication for the centuries-old debate between associationism and Wmﬁwm:”__m. o
Both theories are right, but they are right about different parts of the B“Mm o



