University of Pennsylvania Working
Papers in Linguistics

Volume 14, Issue 1 2008 Article 8
PROCEEDINGS OF THE 31ST ANNUAL PENN LINGUISTICS
COLLOQUIUM

The real effect of word frequency on phonetic
variation

Aaron J. Dinkin*

*University of Pennsylvania

Copyright (©)2008 by the authors.
http://repository.upenn.edu/pwpl



The real effect of word frequency on phonetic
variation
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Abstract

The claim that high-frequency words tend to undergo regular sound change faster than less
frequent words is common in Exemplar Theory literature. This paper examines the effect of word
frequency on F2 of short vowels in the region of American English subject to the Northern Cities
Vowel Shift (NCVS). I find that more frequent words appear to have more centralized vowels -
higher F2 for back vowels, and lower F2 for front vowels - regardless of the direction the vowel is
moving in the NCVS. I interpret this result as supporting, rather than the strong claim that high-
frequency words undergo sound change in general faster, an observation by Phillips (1984) that
high-frequency words undergo specifically lenition faster.
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1 Background

“Exemplar Theory” and “Usage-Based Phonology” geeeral names for a
school of thought (see, e.g., Bybee 1999, 2000rdtiambert 2002) that
holds that the units of a speaker’s phonologicalvledge are memorized
phonetic tokens of individual lexical items. Thasproducing a lexical item,
the speaker’s phonetic target is supposedly detenjust by the average
phonetic value of the stored exemplars of that .it€his paper addresses a
claim made in the Exemplar Theory literature alibatrelationship between
lexical frequency and phonetic change in progriss. frequently claimed
that the Exemplar Theory literature implies thatidal items that are used
more frequently should undergo regular sound chengare rapidly. This is
because, each time a user of the language hearmawative token of a
word that is undergoing a change, then the avephgeetic value of all the
exemplars of that word heard so far will shift @ldi bit in the direction of
the change. And so words that are heard more frelyusill have had their
phonetic averages shifted by that little bit in theection of the change more
frequently, and so they’ll undergo the sound chamgee rapidly. Thus, to
guote Pierrehumbert (2002), “high frequency wortsdtto lead Neogram-
marian sound changes.” Bybee (2000) cites sevéudies in which high-
frequency words have been found to be undergoingdsohange faster.

Labov (2003), on the other hand, examining an enasramount of
data on the fronting of the nuclei of the back igigh diphthongs /uw/,
lowl/, law/ in present-day American English, fouhdttalmost all variation
could be accounted for purely by phonetic constsaiWord frequency
played no role at all; high-frequency words weré inageneral any more or
less advanced in the sound change in Labov’'s daa tow-frequency
words. This leads to a conundrum: It's clearly sdmng to say that frequent
words lead phonetic change as a general rule; sheoeevidence for that at
all in Labov’s data. Therefore in the studies Bybies, there must be some
other factor which is causing the more frequentdsaio be in the lead in
those particular phonetic changes but not the asmstudied by Labov. The
results reported below will shed some light on whatactual relationship is
between word frequency and sound change.
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2 Methodology

This study in particular investigates the effectvadrd frequency on the
frontness or backness of the short vowels /i € g of the English of the
Northern United States, as defined by Labov e(2006): this region en-
compasses a large area on the southern side @réset Lakes, including
such cities as Buffalo, Cleveland, Detroit, Chicalikwaukee, Minneapo-
lis, and many others. In most of the North, mosthef short vowels are in-
volved in an ongoing chain shift known as the NenthCities Shift. The
relevant features of the Northern Cities Shifttfee current study are its ef-
fects on the frontness and backness of the shavelge—in instrumental
phonetic terms, its effects on the value of theico;md formants (F2). So
what's relevant is that tokens of /ee/ that areiteathe change should have
higher F2, and leading tokens of /e/, /i/, astighould have lower F2. Like
Labov (2003), for my data set | took advantagehef huge corpus of pho-
netic measurements collected for the Telsur sunfeamerican English,
reported in detail by Labov et al. (2006). Thisisorpus of some 130,000
phonetic measurements of American English vowdisylich about 10%
are short vowels from the Northern dialect region.

Tokens were coded for word frequency based on fiata the Brown
Corpus of Standard North American EnglfsAll words that were among
the five thousand most frequently-occurring wordsthie Brown Corpus
were coded as “Top5000”, and likewise for “Top5@®it “Top200”. Within
the Top5000 group, each word was also coded fanddst frequency—that
is, its exact number of occurrences within the Qergrinally, within the
Top500 words, each word was also coded for itsistas a function word or
a lexical word; function words included preposigprtonjunctions, deter-
miners, verbal auxiliaries, closed-class verbstiieeandbe and the like.

For each short vowel phoneme, a multiple-regresaimalysis was run
on all the F2 measurements of that phoneme in #igull data restricted to
the Northern dialect region. The independent véggln the regression in-
cluded both the word-frequency variables descriabdve and all of the
phonetic-environment variables that are includethenTelsur data.

1| use the notation of Labov et al. (2006) hereagifinpit, /e/ as irpet, /ze/ as in
pat, N/ as inputt, /u/ as input The vowel /o/ as ipotis excluded because it is pho-
nologically a long vowel in the Northern United @& (Labov and Baranowski
2006).

2My source of data on the frequency of words in Brewn corpus was
http://www.edict.com.hk/textanalyser/wordlists.htm
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3 Results

Table 1 shows the results for /i/. The multipleremgion found eleven pho-
netic variables plus the Top5000 frequency variasehaving statistically
significant effects on backness of /i/; other thirtgeing equal, an /i/-word
among the 5,000 most frequent words of the Browrp@®was on average
about 60 Hz backer than a less frequent word. Sihtebeing backed in the
Northern Cities Shift, this is consistent with theemplar Theory claim that
more frequent words will lead sound changes. Nudeever, that word fre-
guency has a smaller effect than any phonetic biaria

variable coefficient variable coefficient
onset cluste —-489 Hz] labial onset —119 Hz
liquid onset —-423 Hz| complex coda -84 Hz
apical onset —167 Hz| apical coda —71 Hz
palatal onsef —151 Hz| /I/ coda —69 Hz
nasal coda +136 Hz| polysyllable —66 Hz
labial coda —122 Hz| Top 5000 —57 Hz

p<.01% n=2492 constant = 2147 Hz r* = 32%
Table 1: Effects of frequency and phonetic varialae /i/ in the North

Roughly the same thing holds for /e/, in Tablei?eén phonetic vari-
ables are statistically significant at the .01%eleand Top5000 is also sig-
nificant but has the smallest effect. Here aga@edfiect of word frequency
is in the same direction as Exemplar Theory wouttjgt—words in the top
5,000 are 33 Hz backer, in the direction of thethem Cities Shift.

variable coefficient variable coefficient

apical coda —-353 Hz| stop coda +127 Hz
labial coda —-324 Hz| liquid onset —125 Hg
labdent. coda] —-279Hz complex coda —96 Hz
intdent. coda —271 Hz| polysyllable —83 Hz
nasal coda +218 HZl /Il coda —67 Hz
palatal coda —216 Hz| voiced codg +60 Hiz
velar coda —204 Hz| apical onset -39 Hg
onset cluster —162 Hz| Top 5000 —-33 Hz

p<.01% n=2913 constant = 2034 Hz r*=39%
Table 2: Effects of frequency and phonetic varialae /e/ in the North
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However, when we move on to /ee/, the Exemplar Theoediction
breaks down. In Table 3, we see that tokens oiiV#ée top 5,000 words are
backer than less frequent words, which is conttaryhe Northern Cities
Shift.

variable coefficient variable coefficient

nasal coda +275 Hz| stop coda +94 Hz
velar coda —207 Hz| labdent. codpa —79 Hz
apical coda —152 Hz| voiced coda +75 Hp
liquid onset| —134 Hz| apical onset —63 Hz
onset cluser; —-123 Hz] complex coda +42 Hz
labial coda —123 Hz| Top 5000 —23 Hz
polysyllable| —-99 Hz

p<.01% n=5091 constant = 2058 Hz r” = 30%
Table 3: Effects of frequency and phonetic varialole /ze/ in the North

Now, the tensing of /ee/ is basically a completedsgtof the Northern Cities
Shift, so this might not tell us very much abow tklationship of frequency
with sound changi progress But the backing ofV/ is a new and ongoing
phase of the Northern Cities Shift, and in Tablelsee that the most fre-
guent tokens of wedge af®nter, again contrary to the shift. So, for /i/ and
lel, frequent words lead the Northern Cities Shiftt for /ee/ andV/, fre-
qguent words trail it. Therefore, frequent wordsdieg sound change is
clearly not the explanation for what’s going onéher

variable coefficient | variable coefficient
/I coda —287 Hz | palatalcoda +106 Hz
liquid onset —147 Hz| polysyllable +49 Hz
labial onset —124 Hz| Top 5000 +36 Hz
onset clustey —-111Hz voiced coda —-32 Hz
apical coda +110 Hz

p<.02% n=1794 constant = 1372 Hz r*=37%

Table 4: Effects of frequency and phonetic varialaie A/ in the North

But if we disregard the particular directions ofange in the Northern
Cities Shift, the pattern of Tables 1—4 is obviolke front vowels, /i/, /e/,
and /ae/, are backer in frequent words, regardlésseodirection of sound
change; ¥/, a back vowel, is fronter in more frequent worblareover, in
Table 5 we find that the other short back vowel, i also fronter in the
most frequent words (although in this case theifsogmt effect of frequency
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appears only for the Top200 variable; statisticaliynificant effects do not
emerge for Top5000 or even Top500). So the gematahn is that short
vowels aremore central in frequent words: front vowels are backer, and
back vowels are fronter.

variable coefficient| variable coefficient
apical onset +253 Hz| Top 200 +145 Hz
palatal onsef +237 Hz| velar onset +141 Hz
/Il onset -184 Hz | labial onset -112 Hz

p<.01% n=731 constant = 1267 Hz r°=68%
Table 5: Effects of frequency and phonetic varialge /u/ in the North

4 Beyond the North

Now, if such a tendency exists—that short voweétsraore central in more
frequent words—then we would expect that tendendyet structurally inde-
pendent of the particular sound changes in progresse North. In other
words, we’d expect to be able to find short vowelbe more centralized in
more frequent words in data from any region, omeivethe aggregated data
from all regions. And indeed we do: Table 6 sumeeithe result of carry-
ing out the same multiple-regression tests as ibnlékal-5 on the short-
vowel measurements from the entire Telsur data Bath vowel shows
roughly the same frequency effects over the eftgsur data set as it does
when the data is restricted to the North.

vowel hil lel leel NI u/
effect of freq. —-61 Hz| -28Hz -18Hgz +44Hz +80Hz
n 10,182 | 11,466| 17,147 6939 3197

p <.01% in all cases; freq. variable is Top200/&dy Top5000 otherwise.
Table 6: Effects of frequency on short vowel F2hea whole Telsur corpus

So, we can conclude that the Northern Cities Shiki, the fronting of
back upgliding vowels in Labov (2003), is not subj® frequency effects:
short vowels show generally the same behavior wégpect to word fre-
guency in the area subject to the Northern Citikigt @&s they do in North
America overall. But the realization of short vosv@lcross North American
English as a whole does show a word-frequency effemquent words are
more centralized. How do we interpret this?
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5 Analysis

One possible explanation for the result that stiowels are more central in
more frequent words is that the most frequent wdethsl to be function
words, and function words are often unstressedtlagid vowels get reduced
to schwa. And so Exemplar Theory might predict that speaker would be
influenced by those unstressed tokens and end ntpatizing the vowels in
function words a bit even when those words stre$sBuere are, in fact,
some well-known cases of function words ending bprnemically less pe-
ripheral than lexical words with comparable phogdadal history: in dialects
in which /ee/ is split into a tense and a lax phomesuch as those of New
York and Philadelphia, function words liked andcantypically contain the
lax phoneme even in phonological environments whsgdense phoneme is
usually found.

But function-word status was not found to have siayistically signifi-
cant effect at all on F2 in most of the multiplgiression tests summarized
above. For /e/ a marginally significant effect ahétion-word status ap-
peared ap = .2% (compared to phonetic and word-frequencgat$fall with
p < .01%), with function wordfronter by 68 Hz. So it seems as if the cen-
tralization tendency observed must actually be ddest on word fre-
guency, not function-word status.

Phillips (1984), when discussing the relationshipweord frequency
with sound change, said “Changes affecting the rfresfuent words first
typically involve either vowel reduction and eveadtuleletion or assimila-
tion . . . The thing to note about these sound géans that they all have
their basis in the physiology of speech.” Thisrissharp contrast to Pierre-
humbert’s blanket claim that “high-frequency wotdad to lead Neogram-
marian sound change”. And in fact Phillips listsstnof the examples cited
by Bybee (2000) and shows that they all fit thecdption she gives—they
consist for the most part of vowel weakening oreteh or assimilation, or
in a few cases spirantization. With some abusewhinology, we can put
all of these changes in the broadly construed cayegf lenition—they all
consist of reducing the articulatory effort to puod a word by reducing the
number, duration, or intensity of articulatory gess. So we can paraphrase
Phillips as saying that high-frequency words temééad only sound changes
of lenition.

On the other hand, the fronting of back upglidinghthongs, which is

%The Telsur corpus of vowel-formant measurementhiites only stressed to-
kens; so the actual reduction to schwa of unstdegseens does not contribute di-
rectly to the statistical results described.
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the subject of Labov (2003), is dissimilatory sound change, whichn-
creaseghe number of articulatory gestures required tmpunce a word. So
by what we may call “Phillips’s principle”, it's @arprising that there’s no
word-frequency effect on this sound change. Likewite Northern Cities
Shift is a complicated chain shift in which somevets move one way and
some another way, with no overall lenitory tenderbgrefore we shouldn’t
be surprised that frequent words don'’t lead thengha

Furthermore, we can see the interaction of leniind word frequency
also in linguistic variation which isn't part of@ange in progress. One of
the standard examples in Exemplar Theory of frejwesrds leading a
sound change is the finding from Bybee (2002) fregfuent lexical items in
English undergo deletion of final /t/ and /d/ moféen. But as Abramowicz
(2007) points outt/d-deletion is generally regarded as a stable varjatit a
change in progress, so frequency effect$/duleletion don’t constitute evi-
dence for claims about linguistic change. On theeothand,t/d-deletion
doesfall in the category being broadly referred to tfirs paper) as lenition:
synchronically, it's deletion of a segment, redgcthe amount of articula-
tory effort it takes to pronounce a word.

Meanwhile, Abramowicz finds no frequency effecthis Philadelphia
data set on the (ing) variable—that is, so-callgdifopping”, as irwalkin’,
talkin’, and so on. And the (ing) variablerist a case of lenition. It's just
replacing a velar place of articulation with ancabione, without obviously
reducing the amount of articulatory effort involvedpronouncing a word.
So so far it seems as if Phillips’s principle applio stable variation as well
as changes in progress: Frequent words are mojecsti lenition than less
frequent words.

A functional explanation of this phenomenon isaattive: Lenition has
the effect of reducing the amount of articulatoffpe required to produce a
word, at the expense of rendering it phoneticafsldistinct—that is, closer,
in phonetic terms, to other, similar words—and éfiére more prone to mis-
undertanding. Since less-frequent words are likelpe less familiar to the
hearer, and therefore less expected and less easiBmbered, they too may
be more prone to misunderstanding than more fraquerds. Under these
assumptions, it seems reasonable that less fregquoeds should be less apt
to undergo lenition, since they are more in neethefextra phonetic clarity
afforded by distinct, non-lenited articulation thare more frequent, easily
recognizable words.

Phillips’s principle gives a rationale for the fings of this paper. All
else being equal, centralizing short vowels candrestrued as lenition in the
broad sense: if the tongue moves a shorter distrooe its default central
position either to the front or back to produceoav®l, it's making less effort
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to reach its target and taking less time to ddSsofinding that short vowels
in frequent words are on the whole more centralitteth in less frequent
words lines up again with the generalized versibRlallips’'s principle. If
centralizing short vowels takes less articulatdfgre then we should expect
short vowels to be more centralized in more freqweords, regardless of
whether or not that centralization is part of argbehange in progress or
even contrary to one.

So, we conclude that the real effect of word fremyeon phonetic
variation is not that more frequent words leadeigular sound change, as the
Exemplar Theory literature says. The real effectvofd frequency is that
more frequent words are more subject, not to (d@th) change per se, but
to lenition—that is, variation in the direction mfduced articulatory effort,
whether part of a sound change in progress or not.

6 Caveats and Conclusion

Some of the statistical results presented abovev sbome anomalous or
ambiguous behavior that is worthy of mention. Prent among these is
that different measures of word frequency don'taglsvyield the same result.
For instance, in Table 5 above, Top200 is usedadrequency cutoff for

/ul, while other cutoffs do not show statisticadlignificant effects on F2;

whereas Top5000 is used for all the other voweltssiciered. The selection
of Top200 for /u/ and Top5000 for other phonemeas marhaps be ascribed
just to the fact that there are relatively few éatiitems that contain /u/.

But Top5000 and Top200 share the property of bebtggorical fre-
guency variables, dividing up the lexicon into “mdrequent words” and
“less frequent words”; despite the fact that theatmn of the cutoff is dif-
ferent for /u/ than for other vowels, it is the sameneral approach that
shows the F2 effect. However, the results are isistent if, instead of such
a categorical cutoff, frequency is entered into thetiple regression as a
gradient variable corresponding to each word’s acfueequency in the
Brown corpus. For some of the vowels this gradfeequency variable has
no significant effect; for others, the effect iatsttically significant but so
small that it could account for only a few hertiffefence between the most
and least significant words.

Also, some of the phonetic effects that do turnaggsignificant are bi-
zarre. For example, Table 2 shows that having &abpoda hasix times
as strong a centralizing effect on /e/ as /I/ ia toda does. Although this
comes out as statistically significant at the .01% level, it seems phoneti-
cally bizarre, since in individual cases /I/ is allyiobserved to have a strong
backing effect on preceding vowels. The anomalassioé some of the pho-



EFFECT OF FREQUENCY ON PHONETIC VARIATION 105

netic effects found may cast some doubt on thediliof the frequency
effects.

If word frequency really is the cause of the cdittasion effect that it
seems to have from the above analysis, it's moelgratirprising that robus-
tly significant effects do not appear from morenhane word-frequency
variable. But on the other hand, it is encouradh@ay the results are consis-
tent: the effects of word frequency presented alareein the direction of
centralization for all five vowels, whether the @as restricted to the North
or includes the whole Telsur corpus; and all therdafoequency results
shown in Tables 1-6 are statistically significankeast to the level of .01%.
So even if it may not be word frequency directlgttts having a centralizing
effect on short vowels, at least it seems clear shane (perhaps subtler)
factor related to word frequency is implicated. Buiore importantly, it is
certainly not sound change in progréssgeneralthat is led by more fre-
guent words.
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