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Relationships between Sounds and Letters in English Monosyllables
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To get a better understanding of the nature of the English writing system, new technigues are introduced for
measuring how strongly the orthography of one part of the syllable (onset, vowel, and coda) is influenced by the
other two parts. The use of conditional consistency measures with permutation tests of significance determine
how much more regular sound—letter correspondences become when other parts of the syllable are taken into a
count. A study of English monosyllabic words presents results for both reading (letters to sounds) and spelling
(sounds to letters) and both adult and child vocabulary. In all cases, vowel and coda (which constitute the rime;
are much more strongly conditioned by each other than are other pairs. These techniques and findings improv
our understanding of the English writing system and provide a foundation for a better understanding of reading
and spelling processes in children and adult 2001 Academic Press
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The English writing system has attracted &anna, Hanna, Hodges, and Rudorf (1966)
good deal of research from psychologists, linshowed that 73% of the phonemes in their dic-
guists, and educators because of its complexitijonary would be spelled correctly if one applied
Although the system is basically alphabetic, wittthe letter string that most often corresponds to
letters standing for sound segments (phoneme#)e phoneme. Because most words contain se\
there are many complications. For examplegral phonemes, few words would be spelled en:
English tends to keep the spelling of morphemesrely correctly on the basis of context-free rules
constant even if their pronunciation varies (cfthat link single phonemes to single graphemes.
heal and health), to differentiate homophones Must readers and spellers rely, then, on mem
(broachandbrooch), to echo the orthography of orization of whole words? Before drawing such
the language from which a word was borrowe@ conclusion, we should explore the possibility
(steinfrom Germannymphfrom Greek), and to of a middle ground between the whole-word
agree with past usagefite with w, which used memorization approach and the letter-by-lettel
to be pronounced). As a result, a reader whor phoneme-by-phoneme approach. That middls
uses only knowledge about the individual letterground is that readers and spellers use corre
of a word or a speller who considers only the inspondences between spellings and phonem
dividual phonemes will make many errorsthat are conditioned by context. Two things

would need to hold for such an approach tc
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multiphonemic level; we use the tesbundas a Those investigators studied the links from letters
shorthand for referring to phoneme strings db sounds for 1329 CVC (consonant—
unspecified length.) By examining adult andowel-consonant) words of English. These are
first-grade vocabulary separately, we distinguisinonosyllables that have exactly one consonan
the patterns that are available only to skilledhoneme in the onset and one consonan
readers and spellers from the patterns that chilhoneme in the coda. Treiman et al. showed tha
dren may encounter when they are learning the letter strings comprising rimes map more
read and spell. consistently to sounds than do the letter strings
The bulk of research in orthography has beecomprising heads. For each word, they com-
from the standpoint of reading, inspired in parputed its rime consistency by counting the num-
by the systematic but nonquantitative work ober of words that share both its rime spelling
Venezky (1970; see also 1999). Venezky laid owtnd pronunciation (e.gead = /ed/ in headand
a number of context-conditioned rules, such adead and dividing that by the number of words
the fact that is pronouncedd/ between letters with the same spelling (e.ghead dead and
representing /w/ to the left and nonvelar conbead. Then they averaged those ratios across al
sonants to the righifad, cf. sadandwag). (For words to get a mean consistency for rimes. Tha
an explanation of the phonetic symbols used inumber was higher than the equivalent measur
this paper, see International Phonetic Associ@omputed over heads.
tion, 1996, 1999.) Most of the patterns listed by Although the results of Treiman et al. (1995)
Venezky refer to conditioning elements that arsuggest that a consideration of rimes improves
to the right of the letters in question. Thus, théhe letter-to-sound regularity of English, the
sound of a vowel letter string is more often disstudy has some limitations. First, the study ex-
ambiguated by the following consonant letteramined only monosyllables with CVC structure.
than by the preceding ones. However, Venezky the present study, we extended the purview tc
did not give quantitative evidence on this pointall familiar monosyllabic words, not just the
Berndt, Reggia, and Mitchum (1987) did provideCVC ones. It might be asked why we did not go
a quantitative description of English graphemefurther and compute over all words, including
to-phoneme correspondences, but they did npblysyllables. One problem is that polysyllabic
address the effects of context. Stanback (199®)ords raise difficult questions of where syllable
started with the assumption that syllables shouldoundaries lie. In a word likeemonit is unclear
be parsed into onsets (initial consonants) andghether the /m/ is the coda of the first syllable,
rimes (vowel—final consonant units). Her resultthe onset of the second syllable, or perhaps bott
suggest that the pronunciations of rimes arambisyllabically (e.g., Treiman & Danis, 1988).
often consistent, a conclusion echoed by ZiegleRolysyllables also have much higher propor-
Stone, and Jacobs (1997). Aronoff and Koclkions of foreign, Latinate, and technical words,
(1996), however, questioned some of Stanbacksd so may differ substantially in orthographic
conclusions, claiming that only 12 rime letterstructure from monosyllables. In addition, thorny
strings are worth treating differently from theirissues of stress assignment arise in the readin
individual components. Moreover, neither Stanef polysyllables which do not occur for mono-
back nor Ziegler etal. demonstrated that asyllables (e.g., Rastle & Coltheart, 2000). If
onset—rime division of the syllable yields bettethere is any important difference between the
results than a head—coda divisionHeadis a two sets of words, it is useful to start with mono-
grouping of onset and vowel). syllables. Stanback (1992) also pointed out tha
Treiman, Mullennix, Bijeljac-Babic, and Rich-about three-quarters of the word tokens used ir
mond-Welty (1995) made the first systematitext are monosyllabic: They are disproportion-
attempt to measure the overall consistency afely important.
vowel-consonant (rime) combinations and to Another limitation of the study by Treiman
compare it to the consistency of individual seget al. (1995) is that it examined the links from
ments or other combinations, such as the hedelfters to sounds but not those in the reverse d
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rection. In the present study we looked at bothave the modal pronunciation for a particular
directions. The two cases are not symmetricalowel letter string.
While ight always spells i, /ait/ can be spelled To address the question of whether rime
other ways (e.g.right, andrite); the reading spellings are especially consistent, Treimar
consistency is much higher. The phonedfed etal. (1995) compared the average consistenci
always spelledh, butth can be pronounced@/ of CV combinations with those of VC combina-
(that) or /0/ (thick), the spelling consistency istions. However, this approach is not ideal be-
much higher in this case. Although the era afause the numbers are determined in part by tf
large-scale computerized vocabulary studies waslependent frequency distributions of the con-
introduced by the phoneme-to-letter study afonants in the onset and coda. For example
Hanna et al. (1996), less work has been done even if the correspondences were completely in
analyzing English orthography from the standdependent across onset, vowel, and coda, the
point of the speller than from that of the reade€V combinations would have higher consis-
One exception is the work of Cummings (1988}ency than VC combinations if the onset was in-
Like Venezky's (1970), Cummings’ work wasdependently consistent but the coda was no
informal and nonquantitative and did not diThe measure therefore is meaningful only unde
rectly address which parts of the syllable mosertain circumstances. In the reading study o
strongly condition the spelling of other partsTreiman et al., the fact that VCs were more con
Ziegler etal. (1997) reported a quantitativeistent than CVs even though onsets were mot
study of rime-level sound-letter consistenciesonsistent than codas by themselves strong|
but they did not compare the consistencies efiggests a special connection between vowe
rimes to the consistencies of other units. A re&nd coda. But when Peereman and Conter
cent quantitative study by Peereman and Co(t998), using the same measures as Treime
tent (1998) suggested that there is no rime aekt al. but in the sound-to-letter direction, found
vantage in English spelling, so it is important tthat CVs were more consistent than VCs while
look further into this issue. onsets were more consistent than codas, the in
An important consideration in studies of thigplications were less clear. Such a finding in it-
nature is the selection of a consistency measuself neither supports nor refutes the idea of an
Treiman et al. (1995) improved on earlier measpecial connection between vowel and coda
ures of letter-to-sound consistency by using A&lso, even when the measure used by Treima
measure that takes into account the frequencietsal. is capable of revealing a special connec
of all letter—sound correspondences, not just thien between two parts of the syllable, one doe
one or two most frequent pronunciations for aot know the direction of the influence: Does
letter string. As mentioned above, they conthe vowel help predict the coda or is it the othel
puted consistency by dividing the number ofvay around?
words with a particular letter-to-sound corre- To overcome these problems, a new measul
spondence by the number of words with the paras used here: conditional consistencies. A cor
ticular letter string, and averaged those ratiatitional consistency is a consistency that is cal
across all wordS.Consistency of a letter stringculated on one part of the word when we requirs
thus decreases as the number of different privat some other part of the word has a particula
nunciations increases. And for a fixed number eflue. For example, one could compute the reac
pronunciations, the more equiprobable they armg consistency of the vowel letter strirga
the lower the consistency. The summary meashen the coda isl. By taking weighted aver-
ure is therefore much more informative thaages, one can speak of the conditional consis
simply measuring what fraction of the worddency across different letter strings and thus fo
the vowel as a whole. For each part of the sylla
1 The authors also compute the information statistic ble, we calculated its consistency and then th

That is essentially equivalent to the other consistency met@@nditional consistency that is obtained wher
but for a log transform. one holds constant the other parts of the syllable
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Even the use of conditional consistenciesodas across all the words on the list. If the en
does not settle all questions: There remains thiee list consisted ofat=/keet/,dog=/dog/, and
issue of significance. Treiman et al. (1995) werhorse = /hors/, one would start off with the
correct in asserting that significance testing igowel-coda pairat = /eet/,og=/og/, andorse=
not required because they were reporting popisrs/, and one possible rearrangement would b
lation statistics, not sample statistics. There iag = /eeg/,orse = /ors/, andot = /ot/. Note that
no danger that random fluctuations will lead ushe spellings and pronunciations for each worc
to draw conclusions that will not be valid for an-are kept together during a rearrangement. Whe
other sample. But random fluctuations can causme computes the conditional consistency ove
trouble when using conditional consistencieghat rearranged list, one gets a conditional con
Conditional consistencies are equivalent to resistency that is due to chance. Of course one su
gression: The more variables one uses as prediearrangement may by chance have an atypic
tors, the more accurately one can model theonditional consistency value, so we smoott
value of a result variable. In a finite sample, conthe answer by averaging together the results ¢
sistency will generally go up even if there is nacomputing the conditional consistency over
real association between the predictor and tHg,000 such random rearrangements. Such
result. It is particularly easy to get spurious asprocedure yields an average permuted condi
sociations when the predictor variables take otional consistency, which we will use as a base
several categorical values and the sample sizelise against which to compare the actual condi
not large enough to ensure that for each value tibnal consistency. In addition, finding how
the result variable the predictor variables wilkclose the actual conditional consistency falls tc
take values in a reasonable approximation dhe tail of the distribution of those 10,000 re-
their independent frequency distribution. Thesarrangements tells us the significance of the ac
issues can become particularly important whetual conditional consistency. This is a Monte
we wish to compare two variables that have dif€arlo computation of a permutation test of sig-
ferent distributions. For example, there are 146ificance. Because the distribution is derived
different letter strings in the codas in the wordrom the data itself, we do not need to consul
lists we have prepared, but only 89 different letany standard distribution to determine the sig:
ter strings in the onsets. If we find that vowel letnificance level (Good, 1995). Statistical tests of
ters are more unambiguously pronounced whehis kind have not been used in prior studies o
one takes into consideration the coda than wheetter—sound relationships.
one takes into account the onset, that could sim- Because our goal was not to examine Englist
ply be because there are more different types as an autonomous entity but rather to examine
codas. It would be useful to be able to go beyonthe relationships between spellings and sound
that fairly trivial mathematical effect and seethat might be picked up and internalized by typ-
whether the coda is more effective a conditiondcal readers and writers, the selection of a word
even when the different number of types is conlist is extremely important. We cannot rule out
trolled for. the possibility that unknown words, such as

We want to know whether there is any specighegnor veldt may have letter—sound correspon-
connection between parts of the syllable beyortbnces that form no part of the typical reader’s
what is attributable to chance. How much highexperiences. In order to ensure that the CVC
is the conditional consistency than the figure/ords they analyzed were known by college stu-
one would get if all the syllable parts were redents, Treiman et al. (1995) relied on the famil-
arranged at random? That latter figure can lerity data of Nusbaum, Pisoni, and Da{1984).
determined by literally rearranging at randoniVe used the same data as the basis of our wor
the parts of the syllable under consideration. Ftist, but found reason to question some of the in-
example, to determine the chance-level condividual data points. Nusbaum et al.’s study was
tional consistency of the vowel spelling giverbased on self-reporting of the familiarity of
the coda, one would randomly redistribute the&ords presented entirely in capital letters. Con-
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sequently their data do not speak to whether strongest influences be found between the vowe
word like brad, which in capital letters is con- and the coda, as suggested by the findings ¢
founded with the nam@rad, is really familiar. Treiman et al. (1995) with CVCs?
In addition, several low-frequency words that
are similar to medium-frequency words (e.g.',vlethOd
cruse which is easily mistaken fasruise, were Selection of adult word listFor the adult
rated suspiciously high. In the present study weord list, our goal was to select English mono-
controlled for such problems by cross-checkingyllabic words that most American college un-
words with other, less comprehensive, familiardergraduates would be familiar with in print.
ity ratings; by checking for dispersion acros8ecause we wished to concentrate on the col
several dictionaries and word lists; and by reerthographic system, we rejected abbreviations
moving items that in our judgment were not welletters, numerals, and the like. We also exclude
known to college students. proper nouns. When a word has multiple spell-
In addition to that full list, which we call the ings, we used the predominant U.S. spelling, re
adult word list, we identified a subset, the childying on the main entry of Flexner (1987) in
word list, comprising words that are reasonablgase of doubt.
frequent in reading material presented to first- We used both automated and manual proce
grade pupils in the United States. Almost altlures to select words that met our criteria. Can:
previous studies have concentrated on the addlidates were gleaned from a set of dictionaries
vocabulary, and it is not clear whether those reboth online (Centre for Lexical Information,
sults will apply to the vocabulary of children.1987; Milton, 1992; Sejnowski & Rosenberg,
There may be systematic differences in the vat988; Ward, 1993; Weide, 1995; Wilson, 1987)
cabulary of children, such as a relative lack ofnd printed (Flexner, 1987). We also consultec
learned borrowings from foreign languagestwo corpora (Francis & Kiera, 1982; Zeno,
which may change the picture. Even absent sud¢tenz, Millard, & Duvvuri, 1995) and lexical
systematic differences, smaller vocabulary sizéata provided by other researchers (Metsala
leaves less room for significant patterns to unt997; Nusbaum et al., 1984). Words were re-
fold. If there are significant effects in the adulfected if they did not appear with monosyllabic
word list, such that the spelling of one part of thg@ronunciations in at least one of the pronounc-
word becomes more consistent when one coimg dictionaries, if their pronunciation included
siders some other part, is that something thabn-English phonemes, or if their spelling in-
young children encounter in their reading andluded any character other than a lowercase let
writing vocabulary? Or can these effects at besér a—z To reduce redundancy, we also rejectec
be picked up only years later as vocabulary sizeny word that can be analyzed as a suffixed forn
increases? By running identical tests on the twof some simpler word whose pronunciation is
different vocabularies, we begin to address thesdready in the list.
questions. To decide whether a candidate word was fa
miliar enough to be included in our list, we first
READING examined its rating in Nusbaum et al. (1984). If
Our first analysis studied the orthography dahis rating is 4 (the meaning of the word is un-
English monosyllables from the viewpoint of th&nown) or lower, the word was rejected. If the
reader. We looked at the letter-to-sound consislusbaum rating is above 4, the word was nor
tencies of onset, vowel, and coda, computing fonally accepted. But it was rejected if none of
each of those three parts the conditional consite other sources that have familiarity or fre-
tencies that are obtained by taking into accouqtiency information (Metsala, 1997; Milton,
the letter strings of each of the other two parts &P99; Wilson, 1987; Zeno et al., 1995) map to ¢
the syllable. Our interest was in the degree fdusbaum value higher than 4 (the values wer:
which the pronunciation of one part of the syllaconverted by means of linear regression eque
ble is influenced by the other parts. Would th&ons that were calculated on the basis of word
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that appeared in both Nusbaum and the oth2® words per million or higher. This list con-
sources). If there is no Nusbaum rating for &@ined 914 words, of which 500 were CVC.
word, we accepted it if it appears in Flexner Pronunciation schemeAny analysis of the
(1987) and there is strong evidence that it is faerrespondences between sounds and letters ¢
miliar: It is rated at Nusbaum 5 or above bpends crucially on how the pronunciations are
two different sources or it is rated at Nusbaumepresented. The pronunciation standard w
6 or above in some source and it is listed in atrove for was a careful pronunciation as woulc
least two other American sources. This critdse used by young people in Michigan. Although
rion pulls in many words that Nusbaum et athere is some sharp differentiation amoncg
did not test because they are extremely frepeakers in the phonetic realization of som
quent (e.g.a, and, andas) as well as several of the vowels, especially among some White
missing for less clear reasons (eb@y, beach speakers in the Detroit area, the phonemic cor
andbed. trasts themselves are uniform and representatiy
The automated processes reduced the list aff speech in the United States as a whole. |
candidates to a size conducive to manual edidases of doubt we used the first pronunciatio
ing. Several words were discarded after wgiven by Flexner (1987). In this accent, words
judged that they were unlikely to be familiar atke fern /fa:n/ have three segments, with//
lowercase words (e.gbrad) or that they had being a unitary vowel. Words likear /bar/ were
likely been mistaken for more common words iconsidered to end with a consonantal /r/. Ir
the Nusbaum et al. (1984) study (eguyse. words such asuneanddune the /j/-less form
When there are two words spelled alike but witlvas used. In words spelled with initiah and
different pronunciations, we used judgment ttraditionally pronounced with /hw/, we used the
decide which word is actually familiar or if bothnow-dominant pronunciation /w/. We treated the
are. For example, the meaninghadwas a stack vowel of bombas &/, the same as the vowel in
of hay, pronounced as {a/, was rejected. We calm, representing a merger that is almost uni
also rejected words that were primarily paralinversal in North American speech. However, we
guistic, such as animal cries; names of letteteeated 4/ (wrought) and &/ (rot) as separate
and musical notes; and words marlktahg di- vowels, in accord with what is still the practice
alectal, orarchaicin Flexner (1987). in much of the Midwestern United States. Af-
Our final list contained 3117 words, of whicHricates and diphthongs were considered as sit
1329 were CVCs and the rest had other strugle phonemes.
tures. This is similar in size to the lists of Hanna One difficult issue is whether words likiee
et al. (1966) and Harm and Seidenberg (1999ndtowerare monosyllabic or disyllabic. We re-
The smaller size of some other studies on monked on the judgment of the dictionaries, prefer-
syllables (less than 2900 words in Seidenberg 8ng Flexner (1987) in case of conflict. Thiisg
McClelland, 1989, and Ziegler et al., 1997) wasias considered a monosyllable hatver was
often due to the fact that they were based on thet. As for the quality of the vowel in these
corpus of Kuera and Francis (1967), which ismonosyllables, we recorded the pronunciatiol
of limited extent. by which most vowels are lowered before /r/,
Selection of child word listWe also devel- but not before /I/: thua, not /ir/, inbeer, /ur/,
oped a smaller list of words that the averageot /ur/ or br/, in poor, /er/, not /er or /eer/ in
first-grade pupil would be familiar with in print. bare and br/, not /or/, inmore horse This
The selection criterion was based on Zeno et al&grees with the procedure of Aronoff and Koch
(1995) count of how often words appeared if1996) and is similar to that of Treiman et al.
reading material targeted at pupils in the firs1995), except that the latter transcribed word
grade and kindergarten. We selected all wordike more with an /o/. Hanna et al. (1966), in
that were in the college-age list and for whiclcontrast, treated altcolored vowels as separate
Zeno et al. report a first-gradg value (fre- phonemes, givindgeera different vowel from
quency adjusted for variation in distribution) ofbothbeetandbit.
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Sound-Letter alignmenPronunciations were at the same time. A simple assignment of Silen
associated at the smallest level possible: usualtyto any single phoneme in the word could be
individual phonemes, but with a few unavoidmisleading or incomplete.
able exceptions as when /ks/ was assigned toWe considered Silent E as part of the vowel if
X. Although alignment is straightforward forthe vowel is (otherwise) spelled with a single
words likecat /keet/, difficulties arise when di- vowel letter &, g, i, 0, u, ory), provided that sin-
graphs and silent letters are involved. If we didle vowel is followed by a single consonant
not assign thé of debtto any phoneme, sayingphoneme lfate or /st/ pastg, or no consonant
only that /d/ is spelled, /¢/ is spellede, and /t/ at all {oe), then the silent. Normally any inter-
is spelled, we would obtain artificially high es- vening consonant must be spelled with a singls
timates of the consistency of relations betwedatter, but we also permittedh spelling /k/
sounds and letters. Therefore, we required th@che) gu spelling /g/(vague) andth spelling
phonemes and letters match linearly and th&Y (bathe) Silent E was considered part of the
everything be assigned to something. In casespreceding consonant if that consonarg @& dg
doubt, a “silent letter” was associated with thepelling /g/ (gorge and badgeg; g spelling &/
unit to the left. Incalm/kam/, for instanceal (beige) c spelling /s/farce), sspelling /s/ or /z/
was assigned tai/. Our approach differs from (house) th spelling 8/ (wreathe) orv, z,or u
that of Treiman et al. (1995), who assignedr (have, bronzeandleagug. If neither of those
yto a preceding vowel (as lawn), but assigned conditions holds, the was considered part of
other postvocalic consonant letters to the codidne preceding consonaifsteppe) If both of
Our contrary decision was based on the obsenthese conditions hold, then the Silent E was as
tion that silent letters modify the phoneme to theigned to both the vowel and the consonant. Fc
left much more often than they modify theexamplecage/keds/ was aligned =/k/, a_e=
phoneme to the right. For instance, the diffefe/, andg_e=/d3/.
ence in pronunciation betweealmandcamis Computing consistencyur primary interest
in the vowel rather than the final consonant. is in the consistency of relationships betweer

The sole exception to the preceding rules wéastters and sounds. For example, what is th
that, whene is not the first vowel letter in the consistency of reading the lettein the onset?
word (excluding from consideration here the diif the letter string is always sounded the same
graphseeandie), it was given a special statusway, then the consistency is 1. Otherwise, the
Silent E. Silent E is special in English becausedbnsistency is some number between 0 and
has several functions, none of which is to di€onsistency was computed by calculating the
rectly represent a phoneme; in the terminologyroportion of the instances of the letter string
of Venezky (1999), it is a marker, not a relaeach distinct sound accounts for and then takin
tional unit. Inmakeit functions to show that the the weighted average across those sounds. F
a has the pronunciation /e/, not /ee/. This is peexample, the consistency of the onset lette
haps the most familiar use of Silent E, anstring c is .884 because of the 97 words with
Hanna et al. (1966, pp. 32-33) and Treimaonsetc, 91 of them (.938) are pronounced with
etal. (1995) generalized this and assigned @K/ and 6 of them (.062) are pronounced with /s/
Silent E’s to the vowel. But the letter has addifhe weighted average of those proportions i
tional functions as well. lbbathe it shows that (91 x .938+ 6 x .062)/97= .884. The consis-
theth represents a voiced phonemepbaceit tency of the onset letter strings as a whole i
shows that the is pronounced /s/, not /k/. Insimply the weighted average of those consister
house it shows that theis not a separate mor-cies across all onset letter string types.
pheme. Intoe it ensures that the word has at We also computed conditional consistencies
least three letters (a general requirement fawveraged across all possible onsets, vowels, ar
nouns, verbs, and adjectives)blorne it distin- codas. For example, to find the conditional
guishes the word frororn. Unlike other mark- consistency of the onset letter strigggiven
ers, Silent E can serve several of these functiotie vowel, we computed the (unconditional)
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consistency ofy before each of the vowel letterresults for onsets in Table 2, and the results fo
strings it appears before. The letigris pro- codas in Table 3. In each table, the top rows ar
nounced /g/ in each of the words where the vowille most important: They show consistency
is au, so the consistency there is 1.0; before tlewmputed by word-type counts across all words
vowel e the consistency is .625 because in thrd¢owever, we present the results a total of foul
words it is pronounced %d (gel, gemandgen) ways, varying whether one looks at all monosyl-
and in one word it is pronounced fggt) (3 x lables or only CVC words and whether one in-
3/4+1x 1/4)/4=.625. When the weighted avercludes words that have postvocalic /r/ or ex-
age of those consistencies before each vowelcisides them. The motivation for presenting the
taken, we have the conditional consistency for thiesults separately for CVCs is to allow compari-
onset letteg. Such figures are averaged across abn with the results of Treiman et al. (1995),
onset letters to get an average figure for onset lethich were based only on CVCs. The motiva-
ter strings in general. We also determined the atien for presenting results excluding words with
erage permuted conditional consistency and tpestvocalic /r/ is that the conditional effects of
significance of any conditional consistency that igostvocalic /r/ are pervasive: Virtually all vow-
higher than that average. els have special spellings before /r/. Becaus

All computations used type frequencies. Thdhat condition is widely recognized, it could be
is, each word was counted once, regardless oftit®ught that any overall conditional effect of
frequency in text. codas on vowels is due to /r/. Presenting result
for words lacking postvocalic /r/ forestalls such
an interpretation.

Tables 1 through 3 show the computed read- To summarize the table structures by way of
ing consistencies for the adult vocabulary. Thexample, the first rows of Table 1 show that
results for vowels are presented in Table 1, ttvehen we compute over all words, the consis:

Results and Discussion

TABLE 1
Reading Consistency of the Vowel in Adult Words

Conditional consistency

Include Unconditional
/-2 consistency Given Attested Permtulted Improvemerft p
All monosyllables
Yes 717
Onset .807 .806 0.001 501
Coda .920 .810 0.136 .000
No .809
Onset .882 .876 0.007 .013
Coda .925 .872 0.061 .000
Coda/Onset 8.874
CVC words only
Yes 757
Onset .830 .837 -0.008 .934
Coda .926 .843 0.098 .000
No .841
Onset .898 .895 0.003 214
Coda .932 .898 0.038 .000

#Whether words with postvocalic /r/ were included.

P Average conditional consistency across 10,000 permutations randomly reassigning the vowel between words.

“Increase of attested conditional consistency over permuted conditional consistency, as a proportion of the latter. ¢
cance test is one-tailed and asymmetric.
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TABLE 2
Reading Consistency of the Onset in Adult Words

Conditional consistency

Include Unconditional
[-r/ consistency Given Attested Permuted Improvement p
All monosyllables
Yes .976
Vowel .993 .985 0.008 .000
Coda .988 .989 -0.001 .976
No 977
Vowel .993 .987 0.006 .000
Coda .988 .990 -0.002 .929
CVC words only
Yes .966
Vowel 991 .981 0.010 .000
Coda .980 .982 -0.002 .835
No .968
Vowel .990 .982 0.008 .000
Coda .981 .983 -0.002 927

Note.See footnotes under Table 1. Permutation test reassigns onsets.

tency by which letter strings map into vowels not conditioned by other elements in the sylla:
phonemes is .717. Vowels are less consistdule.” Of course all our measures have severe
than either onsets (.976) or codas (.982), amplicit conditions; for example, the “uncondi-
shown in Tables 2 and 3, respectively. These fijonal” consistency of the onset consonant ca
ures are in the columns labeled “Unconditiondde thought of as the consistency of the consc
Consistency.” That is short for “consistency thatant, conditioned by the fact that it is in the

TABLE 3
Reading Consistency of the Coda in Adult Words

Conditional consistency

Include Unconditional
[-r/ consistency Given Attested Permuted Improvement p
All monosyllables
Yes .982
Onset .992 .993 -0.001 .832
Vowel .992 .990 0.002 .097
No .980
Onset 991 .992 -0.001 .893
Vowel 1991 .989 0.002 131
CVC words only
Yes 972
Onset .987 .986 0.001 .545
Vowel .986 .986 0.000 419
No .970
Onset .986 .985 0.001 .546
Vowel .985 .985 0.000 401

Note.See footnotes under Table 1. Permutation test reassigns codas.
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onset. If the onset is taken into account in pre ns. n.s.
nouncing the vowel, the consistency rises | Onset _ Vowel  Coda
.807. The improvement over chance is 0.1% at 0.8% 13.6%

is not significant. But if the coda is taken intc Reading, Adult Words

account, consistency rises to .920, which is
significant f < .001) improvement over chance

n.S. n.s.
of 13.6%. Thus, consideration of the coda prc N N
vides information that is potentially helpful in Onset— Vowel - Coda
pronouncing the vowel. When two parts of th e 11.6%
syllable each significantly improve the spelling Reading, Child Words
of the part under consideration, as is the ca
when /r/ words are excluded in Table 1, an adc 2.2% 8.8%
tional row is added (here Coda/Onset) whic Onset _ Vowel _ Coda
compares the magnitude of the two improve 1.2% 16.8%

ments by presenting their ratio.

Adopting a significance level of .05, we cat
conclude that knowledge of the coda letters su
stantially increases the consistency of the vow

Spelling, Adult Words

n.s. 7.5%
Onset . Vowel [ Coda

reading (Table 1). However, knowledge of th — —
onset letters provides little or no help in the 1.2% 14.3%
reading of the vowel. There is a significant bt Spelling, Child Words

minuscule improvement of 0.7% if we exclude
words with postvocalic /r/, but the increase is F'G: 1. Percentage improvement over chance levels
N . when one part of the syllable (pointed to by arrow) is read ol
not significant in any of the Othe_r tests. Kr]OWIEpeIIed while taking into account the identity of another part
edge of the vowel letters does increase CONSigthe syllable (from which the arrow points).
tency of the onset reading by a significant but
minuscule amount, less than 1% over chance
(Table 2); vowels do not significantly improvethe adult list are insignificant in the child word
reading of the coda (Table 3). Knowledge of thiist. What is meaningful is that the general ten-
onset does not reliably improve the consistendencies are the same. The preeminent result
of the coda over chance levels, nor vice versa.both sets of words is that codas help predic
The same analyses were performed over thewels much more than any other part of the
child vocabulary. The results, although not presyllable helps predict anything else.
sented in the main tables, are summarized inThe results presented so far are weighted a\
Fig. 1, with separate diagrams for the adult arefages across many different onset, vowel, an
child vocabularies. The numbers tell by howoda types. That approach gives a good sense
much more than chance one syllable part ithe relative magnitude of the interactions be-
creases the consistency of the adjacent part,timeen the various parts of the syllable, and it i
the direction of the arrow (leading from therelatively succinct. However, it is also helpful
predictor to the predictee). The only significaro look in the details for patterns that are lost in
effect for children was that codas increase thihe aggregate. Those details help us to bette
consistency of vowels by 11.6% over chancenderstand the source and nature of the pa
(p<.001). The onset does not help significantlyerns. One immediate finding upon closer in-
nor are consonant readings improved when ospection is that even when parts of the syllable
considers other parts of the syllable. When conmteract, that is not always true for all possible
paring significance levels, it must be kept isound or letter string types for those parts. Sec
mind that the size of the child word list is lesend, many of the interactions fall into patterns
than a third the size of the full adult list: It is nothat generalize across many vowel and consc
necessarily meaningful that very small effects inant types.
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There are 68 different vowel letter stringsvhich dominates after major conditions have
used in English monosyllables, and 39 of thod®en taken into account. The conditions listec
are completely consistent. Of the 29 that hawae those that make the default vowel phoneme
some inconsistency, 23 are significantly helpddss likely; we have omitted conditions that
by the letter string in the coda. The facts anmake the default more likely. Where possible,
summarized in Table 4, which lists all the vowwe listed conditions that are significantly by a
els for which the permutation tests show a si@- x 2 chi-square test and affect several words
nificant increase in consistency when coda&s an example, the first lines of Table 4 show
are considered. The default letter string is th#tatais generally pronounced as /ee/ but that the

TABLE 4
Vowel Letter Strings for Which the Reading Is Significantly Conditioned by the Coda

Significance Default Conditioned
Spell Adult Child Sound Example Sound Coda Example
a .000 .000 leel act lal Empty spa
r card
lel nge change
sl | bald
ae .000 .001 lel bake Il r rare
ai .000 .000 lel chain Il r chair
al .000 ns 1ol chalk lal f, v calf
la/ m calm
au .010 Ceiling 1ol cause lol ve, che mauve
ay .039 ns lel say Il s says
e .000 .000 ¢/ neck hil Empty she
e e .011 ns il gene nl r sphere
ea .000 .000 Nl beach hl r beard
Il d thread
ee .000 ns il cheek nl r steer
i .000 .000 1/ bit Jat/ nd, Id mind
ie .017 ns hil priest Jat/ Empty tie
hl r fierce
0 .000 .000 a/ clock lol | old
Empty go
sl r corn
g, ng dog
ss, st, f, th boss
u/ Empty who
o_e .000 .001 lol cope 1ol r core
oa .000 ns lo/ coat sl r coarse
00 .000 .003 u/ boot ol k,r book
ou .000 .001 do/ cloud Ial gh tough
Jul p group
ough .004 ns lol dough 1ol t bought
ow .009 ns lav/ crowd lol Empty grow
u .014 .038 Al bug ol Il, sh bull
ue .000 ns lul dune vl r pure
y .000 Ceilind n gym a1/ Empty shy

Note.Significance tells whether coda affects vowel reading more than if codas were randomly reassigned. Coda strir
letters that immediately follow the vowel; other letters may follow the ones specified.
&Consistency 1.0, no room for improvement.
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/a/ pronunciation becomes more common wheproves significant in the adult vocabulany €
ais in word-final position or when it is followed .035) is due entirely to the curiosity that the only
by r. Results are similar for children’s wordsword in whichi_eis read /i/ also begins witbu
though scaled down because of the smalléuite) This word is not in the child vocabulary,
number of words. There are 46 distinct vowetontributing to the fact that onset conditioning is
spellings in this vocabulary, 23 of which arenot significant overall for that vocabulary subset.
fully consistent. Of the remaining 23 spellings, The great majority of consonant letter string
11 are significantly improved by the coda. types have perfectly consistent pronunciations
Sound change is behind most of the conditiod-here are 145 distinct letter strings in codas ir
ings in Table 4, although readers are typicallhe adult vocabulary, and 137 of those are a
not aware of this. For example, consider the faceiling. Of the eight with inconsistencies, two
thati, which usually is pronounced As inbit, is are improved by considering the vowel letter
usually pronounced ¥abeforend andld, as in string. The coda can be pronounced /s/ or /z/,
mindandwild. This is due to a sound change thdiut, curiously, is always /s/ aftar(e.g.,busand
occurred in Old English: A short /i/ (ancestor oplus); this is the major contributor to a signifi-
modern 1/) was lengthened to long /i:/ (ancestocance of .041. Just as curious is the case of
of modern /&) before /nd/ or /Id/. Similarly, in with a Silent E. Its high significance (.002) is
the American accent under consideration, mamlue to the fact that of the two pronunciations /s
vowels have changed their pronunciation befoand /z/, /s/ is overwhelmingly predominant after
/rl, but the spelling has not changed to explicitly andou (nurseandspousg The child vocabu-
reflect that fact. Therefore words likare have lary is not extensive enough to make either o
letter strings that in the first instance should rephese conditionings significant.
resent /rer/; but the sound change means that it isTen of the 89 onset types have some inconsis
pronounced #r/ instead. The fact that soundencies in the adult vocabulary, and 4 of thes
change usually affects all words of a particulazan be significantly aided by considering vowel
structure makes reading not nearly as difficult dstter strings. Three of those are due to a Frenc
it might be. For example, because Old English &pelling convention that has been adopted i
was lengthened before all /Id/ sequences and ligaglish. In French; corresponds to /s/ befoeg
cause the spelling reflects the original pronuncia-andy and to /k/ elsewherej spells g/ before
tion, one only has to look at the following consothose same three letters and /g/ elsewhere. En
nants to determine whether currérghould be lish has completely adopted the conventior
pronouncedt/ or /al. (with /d3/ instead of3/), except that it admits a
In contrast to the 23 vowel letter strings in thdew exceptions wherg spells §/ beforee, i and
adult vocabulary that are read significantly bety (getandgirl). This accounts for a significant
ter when one takes the coda into account, oninfluence by the vowel letter on reading the onse
two of the vowel letter strings can be read signifstringsc (e.g.,centvscat, p <.001),g (e.g.,gem
icantly better when one takes the onset into a&s gate p < .001), andsc (e.g.,scentvs scald
count. The lettem is significantly helped be- p =.005). Perhaps because words witipelling
cause when the onset ends in a spelling of /w#/ org spelling /c/ in the onset are loans from
(w andqu), the vowel is interpreted as if am French or Latin, they are infrequent in children’s
i.e., normally &/ (e.g.,squad, but h/ beforer reading materials, and none are on our chilc
(e.g.,warm). This is a sound change: The roundword list. The remaining case of onset influence
ing of the lips needed to form /w/ systematicallyin the adult vocabulary is that the reading of
spread to the adjacent vowel (the phonenies the onsetvh can be significantlyg=.004) im-
the descendant of an earlier rounded vowelproved by considering the following vowel: It
The conditioning is highly significanp(< .001). is normally /w/ (e.g.wha), but usually /h/ be-
Some examples are present in the child vocabtoere 0. Only who andwholeare present in the
lary, but not in enough words to reach significhild vocabulary, which is not enoughaohieve
cance. The only other onset conditioning thagignificance.
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Even though we followed procedures simistatus in reading. But many questions were lef
lar to those of Treiman et al. (1995) in computinanswered. Was the special association cause
ing unconditional consistencies, we have gdity some differential distribution of the conso-
slightly different results. Whereas the previousant types in the onset and coda? If not, by how
researchers found that onsets had a consistenaych did the increase in consistency exceec
of .94 and codas .92, we got slightly highethe amount that one would expect whenevel
numbers of .97 for both syllable positions evemany-valued categorical variables are juxta-
when we restricted our purview to CVC wordsposed? Were the vowel letters helping to predic
as they did. Our results for the head and rime @& coda sounds, were the coda letters helping t
a whole (not mentioned in the tables) were algwedict the vowel sounds, or both? Was the assc
rather higher than theirs: For the head we got .8&tion limited to a few vowels and consonants
versus their .55; for the rime we got .92 versux was it broader in scope? Our current study an:
their .80. Several factors may have resulted swers these questions. By far the dominant ef:
lower numbers on their part. First, they comfect is that knowledge of the letters in the codas
puted consistency of their word lists based dmelps disambiguate the pronunciation of the
values derived from larger lists, such as the sedwel. That goes far beyond what one would ex-
of all monosyllables. Larger lists are bound tpect from the random combination of vowels
have more varied phonotactics and orthographnd consonants: Itis a 13.6% improvement ovel
ics and, hence, less consistency than a small seance. By contrast, the only other significant
of CVC words. More importantly, those largeiconditioning is that vowel letters help predict
word lists were not controlled for familiarity, onset sounds, but at only a 0.8% improvemen
and, as we have noted, even their basic list ofer chance. We have also shown that the effect
CVC words contained some material that waare spread out broadly among the various lette
inadequately controlled for familiarity. Includ-strings. Of the 29 ambiguous vowel letter
ing words like gneisswill certainly decrease strings, 22 are significantly improved by consid-
consistency metrics. Second, the treatment efing the coda, but only 2 by considering the
Silent E in Treiman et al. was harder on consignset. We have also extended the results o
tency metrics than was our own treatment. Fdireiman et al. by showing that they apply not
example, in a word liktunge we assigned the only to CVC words but to monosyllables of
Silent E to the coda, whereas Treiman et al. asther structures as well.
signed it to the vowel. In our study, the resultant Importantly, the same general results apply
ngeis pronounced /rgl with full consistency; when we consider words that young children
in their study, the resultantg would appear are likely to encounter. In fact, the rime advan-
very inconsistent, being pronounced ghdn tage is more pronounced in that the only signif-
some words (those with Silent E) andlih some icant effect is that coda letters help in reading
words (those without Silent E, likang). If we vowels. While the difference in significance
rerun our data, this time always assigning E tevels between children and adults is partly due
the vowel as Treiman et al. did, we arrive at #@ the smaller size of the child word list, some
consistency of .94 for the coda, which is muchf it reflects differences in the vocabulary of
closer to their figure of .92. younger children. Young children’s vocabulary

Despite our findings of somewhat higher conseems to lack significant onset—vowel interac
sistencies overall, the patterns uncovered in thions because of an underrepresentation of Lat
analysis of monosyllables from the standpoinbate vocabulary, wheeandg have special val-
of the reader confirm the basic finding ofues beforeg, i, andy. For beginning readers,
Treiman et al. (1995). In showing that vowel-therefore, the rime superiority is not just pre-
coda (rime) units are more consistent tloaset— dominant, it is exclusive. Learners’ exposure tc
vowel (head) units even though by themselvesnset—vowel interactions is both smaller thar
the codas were no more consistent than onse#s)d begins later than their exposure to vowel-
they demonstrated that rimes have a speciabda interactions.



RELATIONSHIPS BETWEEN SOUNDS AND LETTERS 605

In this article we have used type-based meas- which measured consistency is greater tha
ures. A word likeof is counted no more nor lesschance consistency) is greatly increased vis-2
heavily than a word likéove, despite the large vis type-based calculations. Because of ceiling
difference in frequency: About half of all wordseffects, this means that some of the ratios be
in text that end in /v/ are instances of the wortiveen improvements over chance, such as th
of. We have taken this approach because it caelative influence of the coda over the onset, ar
responds to the logic of the English orthosmaller. Nevertheless, the effects all go in the
graphic system. A word type is meant to havesame direction as reported for types. Thes
unigue correct spelling that does not vary acrotsken-based data, as well as additional data n
the multiple instances that a word appears presented here, can be viewed on the Web sif
text. It is much more useful to think of thés/ referenced in the footnote on the title page o
correspondence iof as something that occursthis article.
in a single word type than as something that ap-
plies to half of the instances of word tokens SPELLING
(words in text) that end in /v/. Under the latter As mentioned earlier, much less work has bee
view, one would just as readily spédve with done on analyzing English orthography from
anf half of the time. Because children are tauglie standpoint of the speller than from the stand
early in their education that words have singlpoint of the reader. Our goal in this part of the
correct spellings, this type-based analysis is nebrk was to provide a quantitative analysis of
just logical, but plausibly corresponds to hovgound-to-letter correspondences for Englist
they in practice think about reading and spellingnonosyllables, asking which parts of the sylla-
as well. Nevertheless it is reasonable to ask hdMe most strongly condition the spelling of other
our analyses of letter-to-sound correspondencparts.
would change if one were to take a frequency-
weighted (i.e., token-based) approach. We riﬂethod
such analyses, repeating each word by a counfThe same word inventories, spellings, pro-
derived by rounding to the nearest integer thmunciations, and alignments were used as in th
natural log of 2 plus the frequency of the wordnalyses of reading. Consistency was compute
in Zeno et al. (1995). Consistencies and condiver individual sound types to see how consis
tional consistencies are almost always comparntly the letter strings spell them. The analyse:
ble but a little bit lower than type-based measvere the same as in the case of reading.
ures. For example, the token-based measures for ] )
reading vowels in the child vocabulary are .64R€Sults and Discussion
for overall consistency (vs .668 by types), .798 Tables 5 through 7 show the spelling consis-
for conditional consistency given the onset (v&ncies for the adult vocabulary. To take an ex-
.806), and .903 (vs .911) given the coda. Suample of how these tables are read, the first row:
figures reassure us that our analysis is compati-Table 5 show that when we compute over all
ble with a token-based approach, but also sugrords, the consistency by which letters spell the
gest that it is indeed wise to direct children torowels is .529. This is substantially lower than
ward a type-based approach to reading. On thee spelling consistency for onsets (.910) anc
other hand, the numbers change quite a bit wheadas (.821), shown in Tables 6 and 7, respec
we ask how much better than chance thosgely, and it is also lower than the reading con-
token-based consistencies are. Randomly reaistency for vowels. If the onset is taken into ac-
ranging the parts of the syllables across word toeunt, the consistency rises to .649, which is &
kens gives a much lower chance consistencsignificant (p <.001) improvement of 2.2% over
Dropping the assumption that the orthographshance. If the coda is taken into account, con-
of a word is stable causes the chance consistsistency rises to .737, which is also a significant
cies to plummet. Accordingly, the estimate ofp <.001) improvement over chance, though to
the significance of the conditioning (the degrea much larger degree, 16.8%. Knowledge of the
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TABLE 5
Spelling Consistency of the Vowel in Adult Words

Conditional consistency

Include Unconditional
[-r/ consistency Given Attested Permuted Improvement p
All monosyllables
Yes .529
Onset .649 .635 0.022 .000
Coda 737 .631 0.168 .000
Coda/Onset 7.619
No .585
Onset .705 .689 0.023 .000
Coda 748 671 0.115 .000
Coda/Onset 4,942
CVC words only
Yes .559
Onset .663 .652 0.017 .023
Coda 719 .646 0.113 .000
Coda/Onset 6.698
No 619
Onset 724 .706 0.025 .001
Coda .740 .698 0.060 .000
Coda/Onset 2.360
Note.See footnotes under Table 1.
TABLE 6

Spelling Consistency of the Onset in Adult Words

Conditional consistency

Include Unconditional
[-r/ consistency Given Attested Permuted Improvement p
All monosyllables
Yes .910
Vowel .937 .926 0.012 .000
Coda .942 .944 -0.002 .851
No .908
Vowel .938 .926 0.013 .000
Coda .939 .942 -0.003 .899
CVC words only
Yes .873
Vowel 914 .899 0.017 .000
Coda .909 .906 0.003 170
No .870
Vowel 915 .897 0.020 .000
Coda .906 .903 0.003 193

Note.See footnotes under Table 1. Permutation test reassigns onsets.
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TABLE 7
Spelling Consistency of the Coda in Adult Words

Conditional consistency

Include Unconditional
[-r/ consistency Given Attested Permuted Improvement p
All monosyllables
Yes .821
Onset .882 .889 —-0.008 .997
Vowel .925 .850 0.088 .000
No .809
Onset .873 .880 —-0.008 .996
Vowel .923 .838 0.101 .000
CVC words only
Yes .760
Onset .818 .822 -0.005 .832
Vowel 910 .806 0.129 .000
No 743
Onset .806 .810 -0.005 .837
Vowel .905 793 0.141 .000

Note.See footnotes under Table 1. Permutation test reassigns codas.

coda improves consistency 7.619 times as mudifected by the coda, all at< .001 (Table 8),
as does knowledge of the onset. only 4 of the vowels are significantly affected by
To summarize the significant results in Tathe onset. Very similar results obtain for the
bles 5 through 7, the consistency of the vowehild word list: 13 of the 15 vowel types are
spelling is aided by knowledge of both thespelled significantly more accurately if the coda
onset sounds and the coda sounds. Howevisrfaken into account, but only one is affected by
the latter are much more influential than ththe onset.
former (Table 5). Conversely, knowledge of the In Table 8, one can detect two broad classe
vowel phoneme significantly improves the spellef ways in which vowel spellings are influenced
ing consistency of the onset (Table 6) and of th®/ codas. The first is purely graphical. These ar
coda (Table 7), though by much more in the latases where the same phoneme is spelled diffe
ter case: 9% versus 1% for the onset. Knowént ways for visual reasons, leading to condition:
edge of the onset does not improve the spelliigat usually do not affect reading consistency
consistency of the coda over chance levels, nGne pervasive consideration is that several vow
vice versa. Substantially the same results appys are spelled differently when they are word-
whether we include or exclude words witHinal. For the most part, this is due to a reluc-
postvocalic /r/ and look at all monosyllables otance to usé or u at the end of wordsz andw
only the CVC ones. As the lower two diagramare used instead. Another condition that migh
in Fig. 1 show, the picture for the child vocabubest be explained graphically is the useoof
lary is very similar to that of the adult vocabuwhereu is expected, as itove Such spellings
lary, except that the effect of onset on vowedre probably due to a strong reluctance to write
does not reach significance. u beforev (which was originally the same letter)
When one examines the details of how consand a weaker reluctance to write it before the
nant sounds affect the spelling consistency gfaphically similarn or m: Sequences likev
vowel sounds, one is immediately struck by andun could be confusing in certain medieval
disparity between onsets and codas: Whereasdetipts (Jespersen, 1909-1949, Vol. 3, as cited |
of the 15 vowel types in the adult vocabulary aréenezky, 1970). The same consideration migh



608 KESSLER AND TREIMAN

TABLE 8
Vowel Sounds for Which the Spelling Is Significantly Conditioned by the Coda

Significance Default Conditioned
Sound Adult Child Spell Example Spell Coda Example
leel .000 .001 a bat al 15, vl calf
la/ .000 .000 ie bride i Nld/, Ind/ wild
igh ik night
y Empty try
la/ .000 .000 0 dot a Il bark
al /m/ calm
lau/ .000 .000 ou count ow Empty cow
Inl, I, Izl crown
lel .000 .000 ae ape ai N, Inl, B/ fall
ay Empty day
Il .000 .000 e bell ae Irl care
ai Irl chair
ea dl, i1, ner bread
il .000 .001 ea beach ee Empty tree
ie Ifl, a3/, C+ Id/ brief
hl .000 .000 i bit ea Il near
ee Il deer
lol .000 .000 o_e bone o] n gold
oa 2C boast
151, 1td, 181, 11 loaf
ow Empty glow
1ol .000 .000 au flaunt a n salt
al k! talk
augh ik caught
aw Inl, Ikl lawn
Empty law
o] Nonfinal /r/ fork
Isl, Bl Il frost
g/, bl dog
o_e Empty /r/ shore
ough li7) thought
o1/ .000 ns oi coin oy Empty toy
u/ .000 .004 00 cool ew Empty new
ol .000 .001 00 good u N, Ist, 1, il full
ue Irl pure
Ial .000 .025 u bug 0 NI, In/ love

Note.Significance tells whether coda affects vowel spelling more than if codas were randomly reassigned. Coda <
are sounds that immediately follow the vowel; other sounds may follow the ones specified.

explain the prevalence afv andow instead of before /Id/. Some differences between the con
auandou beforen. tents of the tables stem from the fact that rela

The other great class of conditions are the réve importance may change when viewed from
sults of sound changes. To some extent these #re different directions. There is, however, one
the simple inverse of the changes listed for readiajor asymmetry between reading and spelling
ing in Table 4: Even as in readingkes on a spe- that not only makes the tables irreversible bu
cial pronunciation /@ beforeld, in spelling /& also makes spelling significantly harder. As men
takes on a special spelling(without Silent E) tioned above, sound changes usually affect a
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words that have a particular structure. Therdas inwork, contributing to a significance pf<
fore, because the orthography basically repred01 for /) is probably a graphical avoidance,
sents the earlier pronunciation, one can umuch like avoidingiv. There are two clear cases
ambiguously read off the current pronunciationf conditioned sound change. The useadfiri-
from the spelling. But there is no guarantee thatead of /ee/ after /wp(< .001) is a simple pho-
sound change will result in a structure that netic change. More complicated is the distribu-
other word already has, and so the fact that ttien of oo versusu_eg eu, andewas spellings of
orthography represents the earlier pronunciatidn/. The latter set is used for almost all cases c
can sometimes hinder spelling. For example, /§0/, as found irhuge feud andfew. The /j/ has,
has becomeo/ before /r/, as imoarse In read- however, disappeared after dental and alveolz
ing, one readily decodes tha is /»/ before /r/. consonants, without change in spellifgue
But since there were already words withtde- anddew Therefore the presence of a preceding
fore /r/ (such akorse, the pronunciation offers /j/, or of dental/alveolar consonants, can be ¢
no clue as to what the original pronunciatiorsignificant clue to the correct spelling of /p/<
hence the letter strings, should be. For such re@01). The fourth and last case where the onst
sons the consistency of spelling is on averageakes a significant contribution to the consis-
much lower than the consistency of reading. tency of vowel spelling, and the only one that

The sound change which had perhaps tlagplies to the child subset£.029 for children,
greatest effect on the English spelling system< .001 for adults), is the fact that//is im-
was that which led to the use of Silent E at theroved by considering the onset in a few words
end of words (Venezky, 1999, p. 100). Vowel&nlike the case with codas, very little of the im-
lengthened in open syllables, that is, at the epdovement due to onsets can be attributed to th
of the word or if followed by no more than a sinsize of consonant clusters. The improvemen
gle consonant before the next vowel. Subsever chance, although significaptg.001), is a
quently, the patter@V after a vowel could serve tiny 0.7%.
as a sign of length, and that remained true evenAs for the spelling of the consonants, the con
after final schwas, spellegibecame silent. Final sistency of the coda is helped quite a bit by tak
e came to be employed as a marker of vowelg the vowel into account (9% increase ovel
length, provided only a single consonansin- chance). This applies, however, only to single-
tervened between it and the vowel. We higleonsonant codas. Of the 72 multiple-consonan
lighted the importance of this pattern by runningoda clusters in the adult vocabulary, 56 are &
a separate analysis to see how much the spellicgjling and the other 16 are not significantly
of the vowel could be improved by taking intchelped by the vowel. If we look at the 21 single-
consideration nothing but the number of cons@onsonant codas, only two of them are com
nants that followed it. The improvement is a corpletely consistent; of the remaining 19, 11 are
siderable 11.2% over chance and is significantsignificantly affected by the vowel. For chil-
p < .001. That can be compared to the overallren’s words, 40 of 52 distinct codas are at ceil
16.8% improvement that obtains when all the inng and 5 of the remaining 12 are significantly
formation in the coda is taken into account.  improved by considering the vowel.

The influence of onset sounds on vowel spell- One fact accounts for the high increase ir
ing is much smaller than that of codas. Onlgonditional consistency for many of the codas.
four of the vowels in the adult word list are sigand this is ap <.001. The phonemes3A /tf/,
nificantly conditioned by the onsets. There df/, /k/, /Il, Is/, and /z/ are all spelled with more
not seem to be any cases where vowels detters when they are the sole consonant in th
spelled differently when they stand at the alzoda and follow a single vowel letter (e $fuff
solute beginning of the word, as was the case fandrock) than otherwise, i.e., when clustered in
i’y andu/wat the end of words. There does seethe coda (e.gloft andsilk) or when the vowel is
to be one clear case of graphic conditioningpelled with two letters, including Silent E (e.qg.,
however: The prevalence wio for expectedvu loaf andlake). Because some vowels are almost



610 KESSLER AND TREIMAN

always spelled with one letter and others are affects differ greatly, depending on whether one
most always spelled with two, it follows that thés looking at the onset or the coda. Improve-
identity of the vowel would strongly conditionments between the vowel and the coda are abo
the spelling of those consonants, but only wheseven times the size of corresponding improve
they are alone in the coda. The foregoing coments between the vowel and the onset. Furthe
siderations apply also to children’s vocabularynore, many more individual coda sounds thar
Itf/ is significant ap =.007, and /k/, /I/, /s/, and onset sounds are affected by the vowel, an
/zl atp < .001. For the adult vocabulary, airmany more vowel sounds are affected by coda
equally significant condition is for /g/, which isthan by onsets. These results hold equally we
spelledgu if and only if followed by a Silent E, for CVC words and for monosyllables in gen-
which is part of the spelling of certain vowekral. And they hold for the child vocabulary as
phonemes, e.gplague because /e/ is spelledwell as for the adult vocabulary, although some
a_e A few other conditionings are less signifi-of the numbers for children are smaller becaus
cant and much less regular. The coflas/ con- of the smaller size of the data set.
ditioned atp = .002 because it is more often These results are not directly comparable tc
spelledch after long vowels, as iquiche Long those of Treiman et al. (1995) because those re
vowel plus f/is common in French loan words searchers only looked at reading. However
but not in native English words. A moderate sig°Peereman and Content (1998), using the san
nificance level for /t/{f = .029) comes entirely methods as Treiman et al., reported that the rim
from the coincidence that three of the foudid not show any advantage over the head il
words intt are preceded bwy/. The phoneme /v/ English monosyllables. The contrast with our
has .021 simply becausev is the only word results, which show that the vowel-coda pairing
with both an€/ and a final. is seven times as strong as the onset—vowel pai
Only four of the 63 distinct onset types haveng, could not be more striking. The difference
their spelling significantly assisted by the voweak readily attributable to different methodolo-
in the adult word list (41 are at ceiling). For /h/gies? Peereman and Content report only uncon
the fact that it is sometimes spelletd (whoand ditional consistencies. But differences in those
whol@ is enough to establish significancepat consistencies may be due to several factors. |
.038, though not for the child subset. A sountheir case, a low consistency for the rime was
change deleted postconsonantal /w/ before rousdrely due to the fact that the coda itself had
vowels, so the earlier spelling for /hw/ can nownuch lower consistency than the onset. We argu
stand for /h/ in that environment. The other threthat our new method of comparing conditional
interactions are all the result of the aforemertonsistencies, especially after chance increase
tioned French spelling convention that has beeame factored out, furnishes a more direct answe
adopted in English. The phoneme /k/ is normallp the question of how strongly one part of the
spelledk beforee, i, andy, butc otherwise; that syllable influences the spelling of another part.
also goes for the /k/ in the cluster /sk/; /g/ is often Token-based analyses were also performec
spelledgubeforee, i, andy, butg otherwise; all at They give comparable results to these type-base
p <.001. The first of these (/k/) is the only onset
whose spelling is significantly helped by the 2 peereman and Content report a head consistency of .7
vowel in the children’s word subset € .001). and a rime consistency of .67. If we attempt to replicate Fhei\
The general picture that obtains for spelling i.?e.tmdo'ogy on our data, we get .67 and .73, respectivel
) . . his agrees with their main point, that the two values are
summarized in the lower half of Fig. 1. Each ofimilar, but it does reverse their relative ranking. The dis-
the three syllable parts can be spelled bettercikpancy may have to do with different alignment algo-
one takes into account the sounds in any of tktams, which Peereman and Content do not explain, or witt
other adjacent parts. Similarly, each Sy”ab@e'fact tha’F thgirword I?st is 28% larger than ours. Possjbly
. . eir word list included inflected words, where the spelling
part has certain sounds that are spelled Slgnﬂ;_inﬂectional Isl, Izk-s), Id/, and /t{-ed)is especially in-
cantly better when an adjacent syllable part {$nsistent with the spelling those sounds have when they a
taken into account. But the magnitudes of theét inflectional morphemes.
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analyses, subject to the special conditions meality, distinguishing whether vowels help codas,
tioned above under “Results and Discussionice versa, or both. But conditional consistency
under Reading. Detailed results are available atill suffers from the fact that improvements in-
our Web site. variably happen when stochastic variables with
many categorical values are juxtaposed in a fi
GENERAL DISCUSSION nite data set. The introduction of permutation
The earliest work on the statistics of soundtests of significance allows one to factor out in-
spelling correspondence in reading and spellirggeases that are due to chance and make obs
(e.g., Hanna et al., 1966) assumed a contexttions that are more specific to the Englist
free, phoneme-level processing model. Budpelling system itself.
there are so many irregularities at that level that One such finding is that spelling and reading
researchers began looking for broader modebre not symmetrical. Spelling is always harder:
Recent work such as that of Treiman et aEach part of the syllable is less consistent ir
(1995) and the aforementioned analysis afpelling than it is in reading, even when informa-
Peereman and Content (1998) took a statistid&@n from another part of the syllable is used as
approach tacitly retaining the assumption thatredictor. At the same time, spelling is always
processing is context free, but adding the idd®lped when one takes into account the sounc
that it potentially takes place on higher levelsn an adjacent part of the syllable. In reading, the
such as over entire rimes or heads. We agree thanditioning is much more restricted. The only
broadening the domain of analysis is a majaertain improvement is that coda letters help ir
step in the right direction, but there are certaireading vowels. Vowel letters do help in reading
problems with keeping the statistical modebnsets, but not for young children.
context-free. Apparent paradoxes arise. For ex-Despite these differences, reading and spellin
ample, if the greater consistency of rimes ovdrave much in common. The onset is not signifi:
vowels means that one processes at the leveloaintly associated with the coda in either case
rimes, does the greater consistency of cod@mly adjacent syllable parts influence each othe
over rimes mean that, at the same time, os@nificantly. Vowels are by far the most incon-
processes at the level of codas, which are pasistent syllable part in both directions, and the
of rimes? The implication that rimes argart that gains the most from considering othe
processed as indivisible units seems implaugarts of the syllable. One can look at this lattel
ble, and we in fact doubt that researchers whact purely statistically: The vowel simply has
stress the role of rimes really intend that implimore room for improvement. On the other hand
cation of their approach. That would mean, fahe vowel got to its current state of inconsistency
example, that a person readiogt would have for a reason. As illustrated from our consideratior
to takeat = /aet/ as a unit and would gain no benef individual string types, the vowel was affected
efit from the fact thaa spells /ee/ antispells /t/ by sound changes much more than the cons
in so many other rimes. What we find a moreants were.
plausible model is one that fundamentally oper- Another generalization that holds for both
ates on the phonemic level, but can take into aeading and spelling is that items tend to be
count the context in which each phoneme Iselped more by the syllable part to their right
found. It is such a context-sensitive, phoneméhan by the syllable part to their left. That holds
level model that we have based our new statistibsolutely for reading, where left-to-right influ-
cal methodology on. ences (onset helping vowel, vowel helping coda
Conditional consistency provides more inforare not even significant. In spelling, codas im-
mation than past techniques because it alloysove vowel spelling about twice as much as the
direct comparison of context-free consistenaypposite. The only questionable part of the gen
(e.g., vowels considered alone) with contexeralization is interactions between onset anc
dependent consistency (e.g., vowels given tlvewel in spelling. It holds for the child vocabu-
coda). It also allows one to consider directioniary, where only the right-to-left influence (vowel
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improves onset) is significant. In the adult vothat vowel-coda associations are so much large
cabulary, however, the onset does improve tliean those between the vowel and onset reir
vowel more than the other way around. forces a series of findings that the vowel anc
Perhaps the most important generalization @da share a special relationship, which is oftel
that effects between the parts of the rime (vow&drmalized as saying that they form a separat
and coda) are stronger than effects between tinérasyllabic constituent called the rime (e.g.,
parts of the head (onset and vowel). There afeidge, 1969, 1987; Pike & Pike, 1947; Selkirk,
four different ways of comparing rime effects td982; Treiman & Kessler, 1995). From a histor-
head effects. One way is to follow the arrows iital standpoint, these associations surely origi
Fig. 1 from left to right: Does the onset help preaated from the fact that vowels changed more
dict the vowel more or less than the vowel helghan consonants, and vowel changes were col
predict the coda? In reading, neither effect ditioned more by codas than by onsets; all while
significant, but in spelling, the rime-internal efthe spellings of individual words remained con-
fect (vowel predicts coda) is 4 times as strong asrvative. If we count all the vowel changes tha
the head-internal effect (onset predicts vowelare listed by Wina (1978) beginning with the
Another approach is to look at the arrows fromi5th century, when the spelling system began t
right to left. In reading, the coda predicts therystallize, we find that of those changes whos:
vowel (rime) 17 times as much as the vowel indescriptions mention the conditioning effect of
proves the onset (head); and for the childrend& adjacent consonant, 22 mention only the cod:
vocabulary, the head effect is not even sig- mentions only the onset, and 2 mention bott
nificant. The other two ways of comparing heajbintly.
and rime are vowel-centered. First, one can askOne might wonder whether the potentially
whether the onset influences the vowel (head efentroversial decisions we made in sound—lette
fect) more or less than the coda influences tlaignment may have been responsible for ou
vowel (rime effect). In reading, there is no confindings of particularly strong conditionings be-
test: The coda greatly assists in reading vowetsyeen the vowel and coda. It will be recalled, for
but the influence of the onset is not significanexample, that we assigned “silent” postvocalic
In spelling, a similar situation exists for thdetters to the vowel, even when they are drawr
child vocabulary, and for the adults, the rimé&om the set of consonant letters. THeeu-n,
effect is 7.6 times as strong as the head effettaw-n t-al-k, c-al-m, s-ig-n, f-igh-t, andd-eb-t
Finally, one can go in the opposite directiomvere all treated the same, whereas much prev
and ask whether the vowel influences the onsatis work would have produced parses such &
(head) more or less than it does the coda. Agaihe-btand s-i-gn andt-a-lk and perhaps even
in spelling, the rime dominates: The vowel's eff-a-wn Another controversial decision was to as-
fect on the coda is 7.3 times as strong as the aign final Silent E to the final consonghioneme
set’s in the adult vocabulary. In reading, the rimi@ some situations, e.gh-a-dgeand h-ou-se
effect is not significant: Knowledge of the voweivhereas previous researchers would always a
letters does not help in reading the coda. But feign Silent E to the vowel. In both cases, our de
the adult vocabulary, it does help to a very smatlsion tends to increase consistency overall fo
extent in reading the onset. This constitutes tlilee individual units in comparison to the older
one exception to the rule that rime-internal efpractices: Postvocalic silent letters modify the
fects are stronger than head-internal effects. Feound of the vowel much more than they do tha
adult reading, the right-to-left generalizatiorof the coda, and Silent E after multiple vowel or
discussed above seems to dominate the rime adda letters does not modify the sound of the
vantage effect. vowel. It increases consistency, for example, if
Despite that one exception, the big picture isne does not have to include_ein the set of
clearly discernible in Fig. 1. The largest impotential spellings forau/. At the same time,
provements in conditional consistency are abur decision lowers the measured conditiona
ways between the vowel and the coda. The fagffect of the coda on vowel consistency and vice
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versa. This happens because the associated ele-statistical grounds alone; further research i
ments in question (e.gigh in fight andsein required to establish under what conditions
hous@ are already grouped into the same part ofaders actually make use of conditional consis
the syllable. For example, in the scenario partency. A good deal of research is already begin
ing f-igh-t, a reader looking at the vowel lettersiing to show that adults are particularly sensi-
knows thaigh spells /a/, which is the end of the tive to conditional regularities involving vowels
story; considering thedoes not help. But in the and final consonants (e.g., Andrews & Scarratt
alternative parséi-ght, the reader knows that 1998; Taraban & McClelland, 1987; Treiman
has an inconsistent reading, but always speb$al., 1995; Treiman, Goswami, & Bruck, 1990;
/ail before codaght, that parse would have re-Treiman & Zukowski, 1988). Hopefully the mea-
sulted in a greater rise in conditional consisures we have introduced will facilitate further
tency for the vowel given the coda. Of course noesearch in that area. If, as we suspect, reade
every single word using our parsing would givelo prove to be sensitive to a letter's environ-
higher unconditioned consistency and lowemnent, several lines of research that rely on mee
vowel-coda conditional consistency in all casesures of spelling regularity or consistency may
in all processing directions, but we believe ouneed to be revisited. Investigation into the cog:
decisions taken as a whole do tend strongly mitive processing of reading often measures th
that direction. In other words, whenever theraccuracy or response time of tasks such as lex
was a potential controversy in how the word letteral decision or naming as a function of the com:
strings should be parsed into onset—vowel—codagexity of the word’s letter-to-sound mapping,
we favored the alignment that would bias againset attempts are made to hold the complexity
our research finding that there are particularlyonstant, so that other factors can be measure
strong conditional consistency effects betweefinother type of consistency measure that is em
the vowel and the coda. Adopting the alternatiyeloyed in recent research on reading is the cor
codings would have strengthened our findings. sistency of sound-to-letter mappings (feedbacl
An understanding of English letter-to-phonemeonsistency, Stone, Vanhoy, & Van Ordg&@97).
and phoneme-to-letter relationships sets the stddésleading results are possible if researcher
for an understanding of how readers and spellarse consistency metrics based on individual unit
deal with the English writing system. Findinggather than on conditional consistencies. For ex
of massive irregularities and inconsistencies ample,c as an onset has an inconsistent pronur
the level of individual phonemes have lent sugsiation, with /s/ being a minority pronunciation;
port to the idea that English orthography is patherefore a word likeentmay appear to have a
ticularly deep (Frost, 1992) and that accessidgw consistency by unconditional measures. Bu
the pronunciation of a written word cannothe conditional consistency ofgiven the vowel
therefore proceed in a straightforward fashiottettereis a perfect 1.0. If readers are indeed sen
Such irregularity is one piece of evidence thattive to these kinds of conditional consisten-
leads some theorists to conclude that readersoids, there is a danger that experiments disre
English primarily process words by retrievinggarding that sensitivity will tend to misclassify
their pronunciations from a lexical entry that igonditionally consistent words as inconsistent
addressed directly by the whole spelling. Oukt best such misclassification would add noise
demonstration of fairly high conditional consisto the experiment; at worst, the fact that the bia
tencies in letter-to-phoneme mappings increasesiformly points in one direction could lead to
the plausibility of theories that assign a greatdalse findings.
role to assembled (rule-based) routes for con-The present findings show that adults’ use o
struction of a word’s pronunciation: With rela-intrarime context in reading is well founded
tive efficiency, a reader may be able to assemhdeven the nature of the English writing system.
a small set of candidate pronunciations withA variety of models can explain this general pat:
out having to access any mental lexicon. Qérn, including models with a built-in sensitivity
course it would be premature to judge the isstie@ orthographic and phonological rimes (e.qg.,
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Patterson & Morton, 1985; Zorzi, Houghton, &s not even clear whether adults’ spelling of
Butterworth, 1998); models that develop such lknown words involves recall of their sounds and
sensitivity from their exposure to patterns in thgeneration of letter strings to encode those
English writing system (e.g., Plaut, McClellandsounds. Some investigators (e.g., Burt & Fury,
Seidenberg, & Patterson, 1996; Seidenberg 000) have argued that adults rely exclusively
McClelland, 1989); and models that, like thatn learned word-specific knowledge to spell
of Coltheart, Curtis, Atkins, and Haller (1993)known words. Detailed data about the distribu-
permit lexical neighbors to influence pronunciation of sound-to-letter correspondences will be
tions. The models make different predictions owital in sorting out the relative contribution of
certain specific points, however. For examplayhole-word memorization and phonological en-
the Seidenberg and McClelland model appeagsding to spelling. Some research has assume
to predict that effects of lexical neighbors wilthat adults use sound-to-letter rules that are nc
depend on the combined frequencies of thosensitive to context (Barry & Seymour, 1988;
neighbors (token count) rather than on the nurkseiner, 1992, 1996; Kreiner & Gough, 1990).
ber of such neighbors (type count; Jared, McRadedeed, Barry and Seymour argued that, al
& Seidenberg, 1990). Models also differ orthough rime units may play an important role in
whether they expect adults to be sensitive to regeading, they are unlikely to do so in spelling.
ularities involving interactions between onsetslowever, other evidence suggests that adult
and vowels. The regression analyses of Treimaometimes use the identity of the coda to hell
et al. (1995) revealed no significant sensitivitgpecify the spelling of a vowel (Treiman &
to onset—vowel patterns among adults. Howevetukowski, 1988). A similar debate about the ne-
the present results show that these patterns asssity of context-sensitive spelling rules has
weak, so adults may be only weakly sensitivarisen in the case of children. Some investi
to those patterns or may not generalize thegators (Marsh, Friedman, Welch, & Desberg,
beyond the few pairs of sounds or letters t©980; Nation & Hulme, 1996) have claimed that
which they apply. The measures of letter-toroung children use links from phonemes to let-
sound consistency developed here should ber strings that are not sensitive to context. Othe
useful in designing studies to further investigateesearchers (e.g., Goswami, 1988; Varnhagel
these issues (see Balota & Spieler, 1998; SpielBoechler, & Steffler, 1999) have emphasizec
& Balota, 1997, for examples of such item-levethe effects of context on vowel spelling, with
analyses). Goswami arguing that rime context is partic-
Children as well as adults appear to be espalarly important. The present results suggest the
cially sensitive to vowel-coda associations iboth young children and adults could potentially
reading (e.g., Bowey & Hansen, 1994; Treimahenefit from links between sounds and spelling:
et al., 1990, 1995). The present findings sughat are sensitive to context. This is especially
gest that the reading vocabulary that yountgue within the rime, but it could help elsewhere
children encounter is sufficient for the inducas well in certain cases. Additional work will be
tion of these patterns. Prereaders’ ability teequired to find out if and when spellers actually
segment spoken syllables into onsets and rimémnefit from context-sensitive links.
keeping the vowel with the coda (e.g., Kirtley, The current research was carried out exclu
Bryant, Maclean, & Bradley, 1989; Treiman &sively on monosyllables. It is difficult to gauge
Zukowski, 1991), may pave the way for particuhow strongly these results would extend to poly-
lar sensitivity to associations obtaining betweesyllabic words. As we mentioned above, part of
the vowel and coda in print. Children’s tendencthe problem is definitional: There is little agree-
to associate vowels with codas may be furthenent on which syllable intervocalic consonants
promoted, in turn, by their exposure to the pabelong to. Even if the definitional problem is fi-
terns in the writing system itself. nessed, there would be many factors interfering
Compared to the large body of research omith a clear analysis. The most important is tha
word reading processes in adults and childremost polysyllables are polymorphemic. Because
relatively few studies have examined spelling. English has a strong tendency to apply a con
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stant spelling to the phonological variants of af orthographic depth. Languages with high
morpheme (companghotograph/fodogreef/ to context-free correspondences on the level of in
photography/fa'tagrafi/), we would not want dividual letters and phonemes are characterize
to compute statistics over a word list that reas shallow and others, including English, are
peated the same morphemes. The results woelghsidereddeep The measures we have intro-
essentially encode information about the relatuced can help quantify these impressions. |
tive frequency of different morphemes. One lessddition, these new measures help us to distir
problematic possibility is to analyze only theguish several different aspects of orthographic
monomorphemic polysyllables, such agple complexity that have previously been lumped
cavil, garage andcatamaran That would be a together into one omnibus characterization. Ar
worthwhile study, although it would cover onlyorthography that appears complex when on
a small fraction of all polysyllabic words. Undefooks at it with context-free measures may ap
the assumption that the consonant following pear much more regular when one applies cor
stressed vowel forms a rime with that vowel, wiext-sensitive measures. A researcher studyin
would expect to find patterns similar to those werocessing in different languages is helpec
have found for the monosyllables. We know thaomewhat by the general information that the
there is a coordination between the pronunciarthography is deep, but may be helped mucl
tion of the first vowel and the spelling of the inmore by knowing in what part of the syllable the
tervocalic (coda) consonant in pairs liBéle, inconsistencies lie and which other parts of the
nibble and that the same onset—vowel condsyllable contribute most to disambiguating the
tioning applies in the polysyllableater as in inconsistencies.
the monosyllablevhat We suspect, however, More generally, the present work demon-
that there may be some overall attenuation efrates the importance of large-scale lexical stud
conditioned influence between vowel and cod#es as a basis for psycholinguistic research. Thi
The rule for doubling intervocalic consonants tés critical not only in the study of reading and
distinguish long and short vowels in polyspelling but also in the study of phonology (e.g.,
syllables is not nearly as regular as the rule fitessler & Treiman, 1997), language acquisitior
using Silent E in monosyllables (e.gpple but (e.g., MacWhinney & Snow, 1990), and other
chape). And historically, the influence of a con-areas. Many researchers agree that statistical i
sonant on the preceding vowel is often weakésrmation plays an important role in language
when the consonant is intervocalic. For exanacquisition and processing (e.g., Seidenberg
ple, while inall, tall, and so on, thik conditions 1997). To understand what sensitivity to statisti-
a special reading for the voweb//instead of cal information is able to account for, and what
/ael) that is not true in words likaley. At the it is not able to account for, we must have a de
moment, these observations await quantitatitailed understanding of the patterns in the lan
verification. guage itself. This is now easier than before, du
Cross-language studies are another importaotbetter availability of large language database
area for future research. The work reported heamd better ways to process them efficiently
is restricted to English, but similar studies witlsuch studies can serve as a foundation for stu
other languages could help to quantify the difes of language processing in the area of reac
ferences among various writing systems aridg and spelling, and in other areas of psycho
shed light on similarities and differences in prolinguistics.
cessing. For example, readers of English may
use intrasyllabic context to a greater extent than REFERENCES
readers of Dutch because Dutch is more regulaidrews, S., & Scarratt, D. R. (1998). Rule and analogy
than English at the level of single letters and mechanisms in reading nonwords: Hough dou peape
phonemes (Martensen, Maris, & Dijkstra, rede gnewwirdg:’ournal of Experimental Psychology:
2000). Heretofore, differences in complexity bej Human Perception and Performan@d, 1052-1086.
L ; ; Aronoff, M., & Koch, E. (1996). Context-sensitive regulari-
tween alphabetic orthographies for various lan- s in English vowel spellingReading and Writing:
guages have mostly been characterized in terms An Interdisciplinary Journal8, 251-265.
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