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Abstract

Many spelling errors in English are doubling errors, as when people are stumped
by the double <> in «trellis>. In Study 1, we tabulated statistical patterns with regards to
doubling in English. In Study 2, we collected behavioral data to see if people were
sensitive to these statistical patterns in doubling and to explore other factors that might
influence doubling such as context, individual differences (language background and
spelling ability), and task. We gave two nonword spelling tasks to US college students
(N=68) and bilingual Singaporean college students from an English-based education
system but with diverse language backgrounds: Mandarin (N=54), Malay (N=44), or
Tamil (N=42). In the choice task, participants heard a nonword and chose between two
spelling options, e.g. dremmib/dremib. In the free task, they wrote down its best spelling.
We found a vowel length effect (more doubling after short vowels than long vowels) that
was moderated by spelling ability (better spellers were more influenced by vowel length)
and language background. Americans had the largest vowel length effect and Tamil
Singaporeans had none, as they possibly associated consonant doubling with the
lengthening of doubled consonants in Tamil instead of the preceding vowel. The
Mandarin group spelled nonwords least accurately, and greater knowledge of pinyin, a
phoneme-based writing system, was associated with higher nonword spelling accuracy.
These and other findings reflect how linguistic factors and language background
moderate the role of statistical learning and context in spelling.
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Speling “Successful” Sucesfuly: Statistical Learning in Spelling

Spelling is an important skill. In many cultures, people need to be able to spell
their names correctly in application forms, their addresses, or the things they need in a
shopping list. Spelling errors could result in disastrous consequences, such as the wrong
medication being given to a patient or a misunderstanding of the writer’s intention. Even
people who use a spell-checker may still make spelling errors. A case in point is spelling
errors that are related to doubling. After all, the spell-checker cannot tell if the writer
intends to spell /kanan/ as «cannon» or <canony, both of which are plausible spellings but
with different meanings. How then do people spell?

Statistical learning has been widely used as a theory to explain language
acquisition and learning (e.g. Saffran, 2002; Saffran, 2003) and, more pertinently,
spelling (e.g. Treiman & Kessler, 2006; Kessler, 2009; Treiman et al., 2007; Pacton,
Fayol, & Perruchet, 2005; Pollo, Kessler, & Treiman, 2009; Kemp & Bryant, 2003;
Deacon, Conrad, & Pacton, 2008). According to Kessler (2009), the statistical learning
perspective postulates that “complex sound-spelling correspondences are learned the
same way many other patterns are learned in life: by observing and internalizing the
relative frequency with which objects and events occur and co-occur” (p. 20). Through
repeated exposure to text, people gradually pick up sound-spelling correspondences,
without necessarily formulating any conscious accounts of them, making an implicit
numerical analysis where orthographic patterns are essentially observations (or
computations) that some sound-spelling correspondences are more frequent than others

(Kessler, 2009). Indeed, people seem to be sensitive to statistical patterns in the language



when spelling and such sensitivity begins quite early in life. For example, Pollo et al.
(2009) found that even the prephonological spellings of children as young as 4-years-old
are not random strings of letters but reflected a sensitivity to the frequencies of letters and
bigrams in the children’s language.

Following this theory of statistical learning, models of spelling consider the role
of learning of statistical patterns or correspondences from exposure (e.g. Barry &
Seymour, 1988; Kreiner & Gough, 1990; Kreiner, 1992). Barry and Seymour (1988)
postulated that there exists a set of probabilistic sound-to-spelling mappings that relate
phonemes to weighted lists of alternative spelling patterns, and the mapping that ends up
being selected for spelling production is the more common one. These sound-to-spelling
mappings are ordered by a continuum of sound-to-spelling probabilities, i.e., the
frequency with which spelling patterns represent phonemes in words. Thus, the frequency
of a spelling pattern can range from high, as with the correspondence between /&/ and <a>
(99% of the time), to middle, as with the correspondence between /i/ and <ea> (40% of the
time), to low, as with the correspondence between /i/ and <ie»> (6.7% of the time). The
probability with which people pick a particular letter or letter group when spelling should
be related to its overall frequency. Indeed, Barry and Seymour (1988) found that, when
asked to spell nonwords, spellers produced more common spelling patterns of vowels
than rare spellings. Furthermore, the probability of the least typical correspondence in a
word should predict spelling difficulty. Kreiner and Gough (1990) found evidence to
support this—college students found it more difficult to spell /a/, which has many

alternative spellings with similar probabilities, than other vowels.



These probabilities of sound-to-spelling contingencies as proposed above imply
that the weighting of spelling is context-free, and thus, does not differ by the context of
the phoneme. However, it has been found that people do take context into account,
weighting different spellings differently in different contexts. This has been found, at
least for monosyllables in English, where both the preceding and following consonant
influence the spelling of a vowel (Kessler & Treiman, 2001). For example, in Treiman
and Kessler (2006), participants were sensitive to consonant context, being more likely to
spell <eay for /ed/, where the spelling <-ead> is more probable, than /ep/, where the
spelling <-eap» is less probable. Further evidence for context effects is also found in
children and adult spelling (positional and phonemic context: Bernstein & Treiman, 2001;
vowel context: Hayes, Treiman, & Kessler, 2005; consonant context: Treiman & Kessler,
2006; see Kessler, 2009, for a review of these studies). Adults are also influenced by
positional information, morphological status, and other constraints when spelling (Perry,
Ziegler, & Coltheart, 2002). These results suggest that experienced spellers know more
than just the typical or context-free correspondences; as the statistical learning hypothesis
predicts, they also know something about how sounds are spelled in certain environments.

Despite these contextual patterns, it seems that even skilled readers or spellers do
not use these contextual patterns to the extent that would be expected given the patterns’
reliability in the English vocabulary (Treiman & Kessler, 2006). Their rate of use of these
statistical patterns was lower than that found in the general vocabulary to which these
readers are exposed (Treiman et al., 2007; Kessler, 2009). For example, even the most

skilled spellers in Treiman and Kessler’s (2006) study did not produce as many <ea»



spellings of /e/ before /d/ as expected (only about 40% of the time) given how often «ea»
occurs in this context in real English words (at least 73% of the time). There also appear
to be individual differences even among adults in the use of context, with better spellers
seeming to use context more (Treiman & Kessler, 2006). This seems to be congruent with
the findings by Fisher, Shankweiler, and Liberman (1985) that better spellers were more
sensitive to regularities at various levels of linguistic representation (e.g. orthographic
and morphology) when spelling.

The ability to use these contextual patterns also seems to develop relatively late,
with the use of preceding context possibly emerging earlier than the use of following
context (Treiman & Kessler, 2006; see also Bernstein & Treiman, 2001). In terms of
preceding context, previous letters in a word may serve as the cue for the next letter
(Ebbinghaus, 1885, as cited in Goldberg, Buchwald, Kochaniak, & Rapp, 2005). In terms
of following context, for example, when spelling a vowel, people may take into account
the consonants that come after it, although the influence of probabilistic context-free
phoneme-to-grapheme correspondences is stronger (Perry & Ziegler, 2004). If the role of
preceding context is more important than the role of following context in spelling, this
could possibly hint at the idea of spelling being a serial process. Simon and Simon (1973)
postulated the idea that spelling is a serial process—one takes up each phoneme in
sequence and generates a list of correspondences (which can be context-sensitive) before
deciding on the appropriate spelling. Thus, the spelling of a phoneme would be less likely

to be influenced by what comes after, as it would not have been generated yet.



Moving forward, the role of statistical patterns (context-free or context-sensitive)
in spelling needs to be further investigated so as to provide a better explanation of how
people spell. Furthermore, the above studies on statistical learning and context have
mostly looked at monosyllables, and this gives us the motivation to extend the work to
longer words such as disyllables. It would also be worthwhile to see if individual
differences (such as those related to spelling ability) exist among adults in the sensitivity
to the statistical patterns in the language. The doubling of medial consonants in English is
an excellent test case for the statistical learning hypothesis, as well as to test for the role
of context in spelling (preceding and following). Further motivations are discussed below.
Doubling of Medial Consonants in English

Many spelling errors in English involve doubling, as when people are stumped by
whether to double the <> in «<trellis>. Here, doubling is defined as two adjacent identical
letters (Pollock & Zamora, 1983). Studies analyzing spelling errors in texts and in
spelling production mention doubling errors, either by omission or by inclusion, as one of
the common errors in English (e.g. Pollock & Zamora, 1983; Yannakoudakis & Fawthrop,
1983; Spache, 1940), by both native and non-native speakers (e.g. Bebout, 1985; Haggan,
1981; James, Scholfield, Garrett, & Griffiths, 1993; Terrebone, 1973). As analyzing
spelling errors can often give us insight into the cognitive processes involved in spelling
(Jorm, 1977), this gives us the motivation to study doubling and the factors influencing
doubling.

On a related note, spelling errors also occur most often in the middle of words.

Jensen (1962) found a serial-position effect in the relative frequencies of spelling errors



as a function of letter position, administering seven-, nine-, and eleven-letter words in a
spelling task. This serial-position effect was in a bow-shaped curve similar to that
produced by the serial learning of other materials, i.e., errors were most frequent in the
middle of a word, with the fewest errors at the beginning and at the end of the word.
Similar effects were found by Wing and Baddeley (1980), Kooi, Schutz, and Baker
(1965), Buchwald and Rapp (2004), and Hildreth (1955, as cited in Kool et al., 1965),
although only Kooi et al. attempted to control for the number of difficult letter
combinations such as a double-letter combination or a silent letter combination occurring
at the beginning, middle, and the end of the spelling words. The serial position effect of
spelling errors has been interpreted as resulting from interference between neighboring
letters; as medial letters of a word have more neighbors than the letters at the periphery of
word, they are more prone to being misspelled, resulting in a bow-shaped error
distribution (Wing & Baddeley, 1980). Relating this to doubling in English, in terms of
the position of doubling in a word, positional bigram counts by Solso and Juel (1980)
showed that doubling of consonants in English occur mostly in the middle of a word as
medial consonants, followed by at the end of the word, and rarely at the beginning of a
word (see also Cassar and Treiman, 1997, p. 632). The middle of words is thus very
difficult to spell and this gives us the motivation to focus on the doubling of medial
consonants in our current study, and further discussion on doubling will be focusing on

medial consonants.



Patterns in the Doubling of Medial Consonants

Doubling is especially difficult in English as single and doubled consonants often
sound the same (e.g. Cassar & Treiman, 1997; Deacon et al., 2011). This contrasts with
languages such as Finnish and Tamil, where doubled consonants are used to mark a
phonetically long phoneme (see Lehtonen & Bryant, 2005, for Finnish; Balasubramanian,
1982, for Tamil). Juul and Sigurdsson (2005) compared Danish, which has more complex
and inconsistent correspondences between consonant phonemes and doubled consonants,
with Icelandic, which has a relatively more consistent doubling rule and where doubling
also often marks that the medial consonant itself is phonetically long, and found that
Danish children made more doubling errors than Icelandic children. Fowler (1937) talked
about how difficult doubling consonants in English is, lamenting that “...if a list were
made of the many thousands of words whose spelling cannot be safely inferred from their
sound, the doubtful point in perhaps nine tenths of them would be whether some single
consonantal sound was given by a single consonant, as m or t or ¢, a double consonant, as
mm or tt...”, giving trouble examples such as «committee> and «comity», <inoculate> and
<innocuous), <harass> and <embarrassy, and more (p. 553-555). An interesting question
would thus be that when people are spelling, or more specifically, deciding whether to
double a medial consonant or not, whether they are guessing randomly or whether they
are being influenced by statistical patterns in the language, as per the statistical learning
hypothesis. Another question would then be whether these statistical patterns in the

language are context-free or context-sensitive.



Despite the difficulty in the doubling of medial consonants, it has been found to
follow somewhat of a pattern. In English, according to Carney (1994), double consonant
letters do not normally follow long vowels (and there tends to be more doubling after
short vowels). In an experimental task to test knowledge about the relationship between
medial consonant doublets and its preceding vowel, Cassar and Treiman (1997) asked
participants (kindergarten, first to third grade, sixth grade, and undergraduate) to choose
between nonword spellings, with a single medial consonant (e.g. tebif) or a doubled
medial consonant (e.g. tebbif), as they listened to its target pronunciation. Only the sixth
graders and the undergraduates chose nonwords with doubled medial consonants after a
short vowel and nonwords with single medial consonants after a long vowel significantly
more than chance, suggesting that knowledge of the pattern of doubling after a short
vowel is learned later than elementary school (Cassar and Treiman, 1997). Deacon et al.
(2011) ran a similar experiment with second to fourth graders but with real word stimuli,
e.g. «poppy> and «diner>. They found that a sensitivity to the impact of vowel length on
the number of medial consonants chosen (single/double) existed from third grade
onwards, i.e., the third and fourth graders were more likely to choose a single medial
consonant after long vowels and a doubled medial consonant after short vowels. They
postulated that their finding of this sensitivity at an earlier age was likely due to the use
of real words instead of Cassar and Treiman’s (1997) nonwords.

Carney (1994) also stated that some consonants such as <b> and <p> double more
than others. Children seem to pick this up quite early, as shown by Treiman (1993). She

looked at the writings produced over the course of the school year by a group of first



graders whose teacher encouraged inventive spelling, reporting that children used
frequent doublets such as <ee> or <bb> more often than infrequent doublets such as <hhy or
<kk>. Where these doublets occur in a word also seem to be a pattern that is picked up
early on. Earlier, we pointed out that doubled consonants in English occur mostly in the
middle of words and rarely in the beginning of words (Solso & Juel, 1980). Treiman
(1993) found that the same children also rarely used double consonants at the beginning
of a word. Similarly, Cassar and Treiman (1997) found that children by the end of
kindergarten could eliminate nonword spellings with word-initial doublets, choosing
<baff> as more word-like than <bbaf>.

Interestingly, there seems to be a tendency to omit an identical consonant than to
insert one when making doubling errors; amongst the doubling errors, there are more
instances of using a single consonant when doubling is required, e.g. <embarass> instead
of <embarrassy, as compared to using a doubled consonant when a single consonant is
required, e.g. <innoculatey instead of «inoculate» (Pollock & Zamora, 1983;
Yannakoudakis & Fawthrop, 1983; Bebout, 1985; James et al., 1993; Haggan, 1981,
Deacon, Leblanc, & Sabourin, 2011). Pollock and Zamora (1983) found 227 cases of
singling (where doubling is required) versus 96 cases of doubling (where singling is
required) in the doubling errors that occur in normal text. As for Yannakoudakis and
Fawthrop (1983), they found omission to be the most common error operation (34%),
with the failure to double accounting for 7.5% of omission errors, i.e., singling where
doubling is required. Insertion errors were found to be the second most important error

operation (27%), with doubling resulting in 45% of insertion errors. Likewise, Bebout



(1983), Haggan (1981), Terrebone (1973), and James et al. (1993) all found consonant
doubling errors to comprise more of the failure to double a consonant rather than the
unnecessary doubling of one. Deacon et al. (2011) found that children between grades
two to four made these same errors, having a preference for single consonants over
double consonants in their incorrect as well as correct spellings. According to Cassar and
Treiman (1997), this preference for single medial consonant spellings may indicate that
“spellers have learned that single consonant spellings are more frequent or simpler than
double consonant spellings” (p. 637).

Despite the abovementioned studies looking at the doubling patterns of vowel
length, medial consonant, and position of doubling, there has been no systematic study of
other patterns of doubling consonants in English, and this gives us the motivation to
study more factors that influence the doubling of medial consonants in English.

To explore the statistical learning hypothesis and the use of context-sensitive
patterns in the doubling of medial consonants, it would be important to see what sort of
spelling patterns in relation to doubling can be found in the English language. To the best
of our knowledge, no published paper has looked at the statistical patterns of the doubling
of medial consonants in the English language. Carney (1994; p. 112-130) did mention
several other “generalizations” in relation to consonant letter doubling other than vowel
length and bigram frequency: no doubling if the preceding vowel is spelled with more
than one letter; no doubling before Latinate endings, i.e., endings that are derived from
Latin such as /1k/, /1d/, /it/; and others. These generalizations do have exceptions. For

example, «canon> vs. <cannony, both of which are pronounced the same, /kaenan/, have a
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preceding short vowel, but one has a single (> and the other has a double . Although
Carney (1994) discussed these generalizations and exceptions in his book, he did not
provide any statistics on these proportions of doubling. This gives us the motivation for
Study 1, which is to tabulate the vocabulary statistics and patterns in relation to doubling
in English. These statistical patterns are a first step in the test of the statistical learning
hypothesis and the role of context in spelling. Using these statistical patterns, the goals of
Study 2 are then to collect behavioral data on doubling to further investigate statistical
learning and context in spelling as well as to explore the role of individual differences
such as spelling ability. Other than spelling ability, another important individual
difference that we will be exploring is language background, which will be discussed
below.
Influence of Language Background on Spelling

The investigation of the influences of language background on spelling is
especially important given the diversity of English-language speakers today (Share,
2008). In fact, non-native speakers of English outnumber its native speakers by a ratio of
three to one (Crystal & Wang, 1997). We define language background as being immersed
in an environment in two ways: 1) The use of a particular dialect of English 2) The use of
a language other than English. Here, we compare American English speakers with
Singaporean English speakers.

Despite English being a global language, there are still differences in the way
English is spoken in many places, e.g. in terms of accent, pronunciation (e.g. rhotic:

pronouncing the «r» before a consonant or at the end of a syllable vs. non-rhotic), spelling
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(e.g. «colour vs. <colon), and more (see Crystal & Wang, 1997). These phonological
differences in dialect have been shown to influence the way one spells in English (e.g.
African American English: Kohler et al., 2007; Treiman, 2004; Terry, 2006; Cronnell,
1979; Appalachian: Cantrell, 2001; American and British English: Treiman, Goswami,
Tincoff, & Leevers, 1997; Treiman & Barry, 2000). As it is well documented that
phonological knowledge is important for spelling (e.g. Treiman, Berch, Tincoff, &
Weatherstone, 1993; Treiman, 1993; Treiman, 1994), these phonological differences
result in different types of spelling errors specific to that particular dialect in English. For
example, comparing American (a rhotic dialect) and British English (a non-rhotic
dialect), Treiman and Barry (2000) found that the percentage of misspellings of words
like <horde> that did not include an «r> was almost three times larger among British
college students, where <horde> is typically pronounced without the /1/, than among
American college students, where <horde> is typically pronounced with the /1/. These
errors reflecting their dialect begin from a young age of six (Treiman et al., 1997). It
would thus be interesting to investigate whether these phonological differences in dialect
will affect an individual’s sensitivity to certain kinds of statistical patterns in the
language, and thus, moderate the role of statistical learning in spelling. Here, we can
conduct such an investigation through the doubling of medial consonants.

Comparing our two dialects of interest, American English is a rhotic dialect but
Singaporean English, like British English, is a non-rhotic dialect. More importantly, there
are some pronunciation differences in American English and Singaporean English. Many

of the phonemic vowel and consonant distinctions that exist in American English do not
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exist in colloquial Singaporean English (Brown, 1988; Deterding, 2007; Lim, 2004). In
Singaporean English, and especially in colloquial Singaporean English, there are many
vowel conflations, with the main ones being /e, &/ and /i, 1/ (Brown, 1988). Thus, the
contrast between tense-lax (or short-long) vowel pairs such as /i/ and /1/, which exists in
American English, is not much in standard Singaporean English and significantly
indistinguishable in colloquial Singaporean English in terms of both quality and quantity
(Lim, 2004). Many Singaporeans thus pronounce <beat> /bit/ and <bit> /brt/ similarly. In
terms of doubling, as vowel length is not as differentiated in Singaporean English as in
American English, Singaporean English speakers might not be as sensitive to the pattern
of vowel length in doubling as compared to the American English speakers.
Furthermore, as discussed earlier, dialect differences often lead to different types
of spelling errors. This gives us the motivation to study nonword spelling accuracy and
whether the dialect differences between Singaporean and American English affect
nonword spelling accuracy and the kinds of spelling errors they make. Nonwords make
excellent stimuli as one would not have to worry about frequency or familiarity effects
that might affect spelling. The common mispronunciation of certain consonants such as
/d/ for /6/ and the conflation of some vowels lead to certain consonants and vowels
sounding more similar in colloquial Singaporean English than in American English. All
this might have a negative impact on the Singaporeans when they are being given these
specific phonemes to spell in a new word. Furthermore, the truncation of or the lack of
emphasis on endings in colloquial Singaporean English might also result in Singaporeans

making more errors in spelling the endings of new words. In terms of analyzing spelling
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errors, we choose to focus on vowel spellings due to the vowel conflations in
Singaporean English.

Being exposed to a language other than English has also been shown to influence
the way one spells in English (e.g. Holm & Dodd, 1996; Cook, 1997; Wang & Geva,
2003; San Francisco, Mo, Carlo, August, & Snow, 2006; see Figuerido, 2006, for a
review). Similar to studies that looked into the influence of dialect in spelling, studies
have shown that exposure to a particular language leads to spelling errors that are specific
to that. For example, Cook (1997) found that errors in spelling <y, <r> and epenthetic <e»
were specific to Japanese L2 users when comparing across a variety of L2 English users
from different language backgrounds. San Francisco et al. (2006) found that Spanish-
English bilinguals, who underwent reading instruction in Spanish, exhibited Spanish-
influenced spelling errors when asked to spell English pseudowords.

In general, the use of one writing system can affect the use of another writing
system, depending on how different they are (Geva, Wade-Woolley, & Shany, 1993).
Many studies have shown that exposure to a particular orthography influences how one
spells, depending on whether that exposure helps in the development of knowledge of
phonological processing and letter-sound correspondences in that sounds map onto letters
(Sparks, Patton, Ganschow, Humbach, & Javorsky, 2008; Sparks, Patton, Ganschow, &
Humbach, 2009). Being exposed to an alphabetic orthography, where there are phoneme-
to-grapheme correspondences, might thus help in such development, and not exposure to
non-alphabetic orthographies. For example, Wang and Geva (2003) as well as Holm and

Dodd (1996) found that exposure to a logographic (non-alphabetic) orthography
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(Mandarin), where there are no phoneme-to-grapheme correspondences, has a negative
effect of nonword spelling accuracy in English. They also showed that English speakers
with a Mandarin-speaking background who had learned pinyin were able to spell
nonwords better. Pinyin is the alphabetic form of Mandarin which has one-to-one
phoneme-to-grapheme correspondences.

When studying how the use of a language other than English can influence
spelling, Singapore serves as an excellent subject pool for two reasons: 1) As a former
British colony, English is one of the official languages in Singapore and is the de facto
language for all purposes such as education, politics, law, business, and more. 2) As a
multi-ethnic society, many Singaporeans have a second language that is one of the three
other official languages in Singapore—Mandarin, Malay, and Tamil. From primary one
to secondary four (the equivalent of first grade to tenth grade), Singaporeans are required
to go through an English-based education system with English as a first language and
either Mandarin, Malay, Tamil, or another approved language as their second language.
Many Singaporeans thus have been through a nationally standardized way of learning
English with the only difference being their second language. It is important to clarify
that the term “second language” here does not necessarily refer to the second language a
person learns. For many Singaporeans, their second language is their mother tongue and
they are immersed in an environment where both English and their mother tongue are
often spoken both at home and at school. At the very least, in terms of official instruction,
many are exposed to both languages in kindergarten from the age of five. For these

reasons, we do not have to be concerned about the following possible confounds: 1)
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Whether our participants differ across groups in terms of English or their second
language instruction; the nationally standardized curriculum for English and other
languages ensures a consistent method of instruction. 2) Whether our participants differ
across groups in terms of exposure and the use of English and their second language;
compulsory education in Singapore ensures that they are exposed to and use both English
and their second language for at least ten years.

A comparison can then be made across language groups (Mandarin, Malay, and
Tamil) in relation to the doubling of medial consonants in English. Previous studies that
looked at doubling errors by non-native English speakers have only discussed the
difficulty of doubling in English and not the reasons behind these doubling errors. The
closest that came to that was Bebout (1985) who looked at spelling errors made by
Spanish-English bilinguals and postulated that their difficulty in doubling was due to the
rare doubling of medial consonants in Spanish. Here, we are interested in how the
knowledge of a language other than English might influence one’s sensitivity to the
statistical patterns in the language, and thus, the role of those patterns in influencing
spelling. As there is no doubling in Mandarin and Malay, if one writing system does
influence the use of another, one would thus not expect any influences from Mandarin or
Malay with respect to doubling in English for Singaporean Mandarin and Malay
speakers.

However, although Tamil has a different script than English, there is consonant
doubling in Tamil. As in Finnish, this consonant doubling serves the purpose of

lengthening the consonant sound in a particular word (Lehtonen & Bryant, 2005). Unlike
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in English, where single and doubled medial consonants sound the same, a doubled
medial consonant in Tamil thus sounds different from a single medial consonant.
Lehtonen and Bryant (2005) found that children had already internalized this pattern of
doubling (to mark a longer phoneme in a word) in Finnish by third grade but no
comparison was made to see if this pattern of doubling in one language influences
doubling in another language where there is no such pattern, e.g. English. If it does, then
Singaporean Tamil speakers might be less influenced by certain statistical patterns when
doubling in English, possibly associating consonant doubling with the lengthening of
doubled consonants in Tamil instead.

Just as we can use nonword spelling accuracy to study the influence of dialect
differences in spelling, so can we use nonword spelling accuracy to study the influence of
the use of one language on another. Even within Singaporeans, there might be differences
in nonword spelling accuracy that can be attributed to language background, despite them
undergoing the same English language instruction and having similar exposure to
English. This would suggest that an individual’s second language can either hurt or help
the individual’s ability to spell new words in one language. Singaporean Malay and
Tamil speakers, who are exposed to alphabetic orthographies that have one-to-one sound-
to-spelling correspondences, might perform much better in spelling new words than
Singaporean Mandarin speakers, who are exposed to a logographic orthography. For
Singaporean Mandarin speakers, greater knowledge of pinyin, the alphabetic form of

Mandarin with sound-to-spelling correspondences, might be associated with higher
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nonword spelling accuracy, as shown by Holm and Dodd (1996) as well as Wang and
Geva (2003).

Looking further at pinyin, there are two components of pinyin: the phonemic part
(e.g. ma, xin) and the tonal part (1-4) (see Siok & Fletcher, 2001, and Ho & Bryant, 1997,
for a description of the Chinese writing system and pinyin). The tonal part is unrelated to
the English language as there are no tones in English. Thus, knowledge of tones might be
a good measure of pinyin knowledge in bilingual English-Mandarin speakers. Any
influence of tonal knowledge on spelling will not be confounded with phonemic
awareness that results from the knowledge of the English language. While it was
previously thought that only the phonemic part of pinyin influences word recognition and
reading, studies have also shown that the tonal part (or tone processing skill) also
influences word recognition and reading through being a part of phonological awareness
(Wang, Perfetti & Liu, 2005; McBride-Chang, Tong, Shu, Wong, Leung, & Tardif,
2008). According to Siok and Fletcher (2001), tone awareness and pinyin knowledge
become significantly correlated by the third grade; tonal information becomes more
important when more characters (homophones) are encountered. With this, one could
then use tonal knowledge as a valid constituent of pinyin accuracy, and thus, it gives us
the motivation to focus on tonal knowledge as a measure of pinyin knowledge to see if it
predicts nonword spelling accuracy.
Overview of Studies 1 and 2

In this paper, we seek to explore factors that influence spelling. Specifically, we

attempt to investigate the statistical learning hypothesis and the role of context in
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spelling, using the doubling of medial consonants in English as a test case. We also
explore the role of individual differences in spelling by looking at spelling ability and
language background.

In Study 1, we seek to tabulate the statistical patterns in relation to the doubling of
medial consonants in English. We focus on four patterns that will allow us to look into
the role of context: preceding vowel length, number of letters spelled in preceding vowel,
medial consonant, and ending type. We predict that despite the difficulty of doubling in
English, there exists patterns that can be used when deciding whether to double or not in
spelling.

In Study 2, we seek to collect behavioral data to show whether people are
sensitive to these statistical patterns when doubling or whether they are guessing
randomly. If they are influenced by statistical patterns in the language, we then
investigate if the influence of these statistical patterns depend on the medial consonant
itself as well as the context of these patterns, i.e., the preceding context and the following
context. We also explore whether such sensitivity to statistical patterns is moderated by
other factors such as spelling ability, language background, and the kind of spelling task
one is asked to do. Here, we predict that people are influenced by statistical patterns
when doubling and that these influences are moderated by the following: context,
language background, spelling ability, and task.

In Study 2, we also examine the influence of dialect and language background on
spelling through nonword spelling accuracy. We predict that differences in dialect will

affect nonword spelling accuracy and the kinds of spelling errors that are produced. We
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also predict that if knowledge of one writing system influences the knowledge of another
writing system, being exposed to certain kinds of orthography will have an effect on
nonword spelling accuracy. For Mandarin speakers, pinyin knowledge is also predicted to
aid in nonword spelling accuracy.

The predicted results will help us to understand the factors that underlie spelling,
especially in relation to statistical learning. This is the first study that will systematically
examine the influence of various statistical patterns in the doubling of medial consonants
as well as the factors that moderate such influences.

Study 1

The aim of this study is to create a database and tabulate vocabulary statistics with
regards to doubling in English. The lexicon used is the Unisyn lexicon, which is a master
lexicon transcribed in symbols that allow the encoding of multiple accents of English.
This lexicon has around 120,000 words.

Method

A General American pronunciation key was loaded onto the lexicon and a
program was written in Python to extract lexical information (e.g. orthographic and
phonological endings, suffixes, first vowels, medial consonants, number of morphemes,
and doubling of medial consonant) from a subset of words in the Unisyn lexicon. The
extracted information was then analyzed to derive statistical patterns in relation to the
doubling of medial consonants.

8790 words were chosen based on the following list of criteria: 1) Disyllabic—

words that can possibly be pronounced as more than 2 syllables were removed. 2)
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Stressed first vowel and unstressed second vowel 3) True medial consonants
phonologically—words with medial glides such as «power> and kiwi> were removed. 4)
Doubling of medial consonants involve two identical letters in a row, e.g. <bb», «cc», and
not «phy, «ck>. Words such as <hyphened> were removed. Words such as <burley> or «islet
were categorized under words with a single medial consonant where the first vowel is
spelled with more than one consonant, thus they were included. Words with endings such
as —le or —re, e.g. «trebley, <bubbley, and <acrey, have their endings coded as —le or —re and
were also included. 5) Not a compound word (e.g. <handstand», <hangman»), fused word
(e.g. <betchay), foreign word, or a proper noun only, i.e., words that can only be proper
nouns were removed and words that can be parts of speech other than proper nouns were
included. 6) Not duplicated in the database—the second or third appearance of a word in
the lexicon due to ambiguous morphological status or part of speech were removed, e.g.
<adder) (snake/someone who adds), and <opens» (noun/verb).

The following lexical information was then extracted from the selected 8790
disyllabic words: 1) Sound and spelling of initial consonant, first vowel, medial
consonant, and ending (defined as the string of phonemes and letters after the medial
consonant) 2) Doubling of medial consonant (single: C, double: CC) 3) Orthographic and
phonological suffixes 4) Number of morphemes 5) Number of letters 6) Word frequency
(as provided in the Unisyn lexicon).

Results
With the extracted lexical information, we were then able to derive statistical

patterns based on log type frequency and token pertaining to the proportion of doubling
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of medial consonants in the English language (see Tables 1 and 2). Overall, medial
consonants double only 37% of the time. Here, we focus on four of Carney’s (1994)
generalizations based on their positional context with reference to the medial consonant
(preceding and following) as well as the actual medial consonant itself. All proportions
are based on log type frequency so as to take into account the frequency of a particular
word.

Before the medial consonant. As Carney (1994) postulated, there is little
doubling if the preceding vowel is spelled with more than one letter—medial consonants
double 46% of the time after one-letter vowels and only 2% of the time after vowel
digraphs. There is also more doubling after short vowels and less doubling before long
vowels. For all spellings of the preceding vowel, medial consonants double 65% of the
time after short vowels and only 1% of the time after long vowels. For preceding vowels
that are spelled with only one letter, medial consonants double 69% of the time after short
vowels and only 1% of the time after long vowels.

At the medial consonant. Some medial consonants double more than others. For
example, b> and <> double 49% of the time as compared to only 3% for «v». There is no
doubling for consonants <h, j>, and <> in terms of token frequency. They do not double
at all in this sample of disyllabic words, thus their proportion of doubling in log type
frequency were not available.

After the medial consonant. Last, as Carney (1994) postulated, there is little
doubling before Latinate endings for all disyllables—medial consonants that come before

¢<-icy, <-id», and «-it» double 5%, 10%, and 11% of the time respectively. Latinate endings
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are derived from Latin whereas non-Latinate endings are not. When limited to disyllables
with preceding short vowels that are spelled with a single letter, medial consonants that
come before <-ic», <-id», and «-it» double 19%, 5%, and 10% of the time respectively.
However, the same medial consonants that come before non-Latinate endings (and
preceded by short vowels spelled with a single letter) double 91%, 60%, and 57% of the
time for <-ow», <-age», and «<-is» respectively.

Discussion

In order to test the statistical learning hypothesis in doubling, and thus, whether
the patterns in doubling are context-free or context-sensitive, the first step is to look at the
statistical patterns in the language. Study 1 thus sought to tabulate the statistical patterns
concerning the doubling of medial consonants in English. Here, we focused on four of
Carney’s generalizations that would allow us to study the factors influencing doubling
patterns and whether these patterns are context-sensitive or not, i.e., medial consonant
(frequency of doublet), preceding context (number of letters spelled in the preceding
vowel and preceding vowel length), and following context (type of ending).

The results supported several of Carney’s generalizations about doubling medial
consonants in English. The doubling patterns found also seem to be context-sensitive—
there is hardly any doubling of a medial consonant if it is preceded by a vowel that is
spelled with more than one letter or a long vowel, and if it is followed by a Latinate
ending. Furthermore, as Carney stated, some medial consonants double more than others,
e.g. <b» and «I> double much more as compared to «<v»>, which rarely doubles, or even <h,

<J», and «q» which do not double at all.
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The next step is to then collect behavioral data for these statistical patterns in
doubling, as we do in Study 2. A question that one could then ask would be whether
people have internalized these patterns when they are deciding whether to double a
medial consonant or not. Another question is whether the doubling of the medial
consonant is influenced by the positional context of these patterns (preceding and
following) and the medial consonant itself.

Study 2

The aim of this study is to follow up on the statistical patterns in relation to
doubling in English found in Study 1 and collect behavioral data on doubling. Here, we
are interested in seeing if people are sensitive to the statistical patterns found in Study 1
when they are doubling and if this sensitivity depends on context. If spelling alternatives
are based on probabilities weighted by overall frequency across contexts, there would be
little doubling overall as singling is much more common than doubling (63% vs. 37%)
based on an earlier discussion (Treiman & Kessler, 2006; Kessler, 2009). However, this
does not predict any context effects; if the spelling alternatives are weighted by context,
we would then find effects of context on doubling.

If spelling is a serial process, as postulated by Simon and Simon (1973), one
would expect effects of preceding context but not following context on the doubling of
medial consonants. Other experiments have shown that children who are better spellers
took more advantage of context, using preceding and following consonants to spell
vowels (Treiman and Kessler, 2006; see also Bernstein & Treiman, 2001). This also

suggests the possibility of looking at spelling ability as an individual difference in the
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influence of these statistical patterns on doubling medial consonants. We also explore
other individual differences that might influence doubling such as language background
and the type of spelling task one is asked to do.
Method

Participants. Native English-speaking participants in the United States were
recruited through a subject pool in the psychology department of a Midwestern university
(N = 68). Participants comprised 27 Whites, 14 African Americans, 22 from Asian origin,
2 of mixed race, and 3 unspecified. There were 41 females and 27 males, and 66 were
students and 2 were working. Participants were either given course credit or compensated
USD10 for their participation.

Participants in Singapore (N = 140; 54 Mandarin-speaking, 44 Malay-speaking,
42 Tamil-speaking) were recruited through e-mail invitations to the respective language
societies in a Singaporean university as well as through word of mouth. To ensure
proficiency in their second language, participants were required to have at least a B grade
in the national second language exam taken usually at the age of 16. 40% of the
Singaporean participants reported that they were native English speakers; among the self-
reported non-native English speakers, 62% of them reported that English was the first
language they learned to write. In terms of ethnicity, Mandarin-speaking participants
comprised 53 Chinese and 1 Eurasian; Malay-speaking participants comprised 35
Malays, 2 Indians, 1 Chinese, 1 Eurasian, 3 of mixed ethnicity, and 1 unspecified; Tamil-

speaking participants comprised 42 Indians. There were 74 females and 66 males, and
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101 were students and 39 were working. Participants were compensated the equivalent of
around USD10 for their participation.

Table 3 shows the mean ages and their standard deviations of each language
group. All participants reported that they had no current diagnoses of reading, hearing,
speech, or spelling disorders. The experiment lasted for an hour in both experimental
venues.

Measures (Individual-level predictors).

Language background and demographics questionnaire. A questionnaire
(adapted from Rickard Liow & Poon, 1998; see Appendices C & D) was administered to
determine the participants’ language background, proficiency, and pinyin background.
Participants were then grouped according to their self-reported language dominance, e.g.
American English, Mandarin, Malay, and Tamil.

WRAT spelling test. A spelling test of 56 words was adapted from the list of
words used in the spelling subtest of the Wide Range Achievement Test (WRAT). The
first 14 items from both the Blue and Green forms were removed as they were
determined to be too easy for adults, e.g. «go», <caty, and <boy»; it was assumed that
participants would have gotten these items correct. Participants’ raw scores were adjusted
according to the norms of their respective age groups. The standardized WRAT score is
used to operationalize spelling ability as an individual difference variable. Table 3 shows
the mean standardized WRAT score for the four groups.

Shipley vocabulary test. The Shipley (1940) Vocabulary Test is a 40-item

multiple-choice standardized test to measure proficiency in English. Here, we used it to
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ensure that the Singaporean and American groups have similar proficiency in English.
Items were presented in the test in order of increasing difficulty. Participants were scored
out of 40 and the resulting score corresponded to a vocabulary age. Table 3 shows the
mean vocabulary age for the four groups.

Chinese character transcription (pinyin) test. This was adapted from a language
screening test used by Tham et al. (2005) involving pinyin transcription with tone
assignment. The Chinese characters used had a wide range of difficulty that was derived
from Singaporean norms based on work by Rickard Liow, Tng, and Lee (1999).
Appendix B shows the full list of characters used in the test. Participants were required to
write out the pinyin and the tone (e.g. xinl) of a Chinese character. Error rates were
based on two components: pinyin and tone. Participants were graded on whether they
transcribed the correct pinyin of the character. If so, they were then graded on whether
they assigned the correct tone. High error rates in the latter component reflect low tonal
knowledge that is separate from Chinese character knowledge. Tonal knowledge was
used to operationalize pinyin accuracy of the Chinese participants. Overall accuracy on
the test was used to operationalize their Chinese character knowledge, i.e., Mandarin
vocabulary score.

Task type. This refers to the nonword spelling task participants were assigned to:
choice versus free spelling. Both tasks are further described below.

Choice task. Participants listened to a nonword three times and chose what they

thought was the best spelling of that nonword from two options, e.g. blemic | blemmic.
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Free spelling task. Participants listened to a nonword three times and wrote down
what they thought was the best spelling of that nonword. Participants’ responses were
scored based on a list of plausible spellings for the initial consonant, first vowel, medial
consonant, and ending consonants of that particular nonword based on their dialect
(American English or Singaporean English). There was a list of plausible spellings of
phonemes for each dialect of English and the two were different in some respects. This
list can be found in Appendix E. An example of a difference would be the inclusion of a
silent <> in a vowel, e.g. <o for /v/, for Singaporean English, whereas such an inclusion
of «r» would be inaccurate for American English. A nonword was considered to have
been accurate only if all phonemes were plausibly spelled.

Measures (Item-level predictors).

Vowel length. This refers to the quality of the vowel that comes before the medial
consonant of the nonword, either long (e.g. /av/, /o/, /i/, /e/) or short (e.g. /a/, /&/, I/, [€/).

Number of letters in the first vowel. This refers to the number of letters used to
spell the vowel that comes before the medial consonant of the nonword stimulus. In the
free task, this is coded as either one, e.g. «gribity for /graibit/, or more than one, €.g.
«graibit> for /graibit/. In the choice task, all nonword stimuli have a single vowel letter
before the medial consonant, so they were all coded as one.

Log (bigram frequency). This refers to the log of the averaged frequency (per
million) of the unconstrained bigrams for consonants such as tmmy, <vv», and <Il>. An
unconstrained bigram is defined as a specific two letter combination (bigram) within a

word, regardless of its position, or the word length. For example, the 'ba’ in 'bat’ is
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considered the same as the 'ba’ in 'tabasco’. The frequency norms were retrieved from the
MCWord database (Medler & Binder, 2005), which was based on the CELEX efw.cd
file. This file includes all the English word forms from a COBUILD (Collins
Birmingham University International Language Database) corpus of both written and
spoken text, which contains approximately 17,900,000 instances of word use. Table 4
shows the values for the specific CC bigrams used in the experiment.

Ending type. This refers to the type of ending of the nonword stimulus: Latinate
versus non-Latinate. Latinate endings are derived from Latin, e.g. /1k/, /id/, /1t/, whereas
non-Latinate endings are not, e.g. /ib/, /ip/, /ig/. These non-Latinate endings were chosen
because they are orthographically and phonologically similar to Latinate endings,
differing by just one phoneme or letter. Furthermore, they could not be interpreted as a
separate morpheme like /ing/.

Stimuli. Ninety-six disyllabic nonwords were created (four groups of 24
nonwords each) with different combinations of vowel length (short: /a/, /a/, /1/, /e/ vs.
long: /ar/, /o/, /i/, /e/) and ending type (Latinate: /1k/, /1d/, /it/ vs. Non-Latinate: /1b/, /1p/,
/1g/). The medial consonants were «m», <b>, <y, «py, <b», and «v». A full list of the stimuli
appears in Appendix A. Each group of stimuli was matched on the following
characteristics: number of letters, phonemes, medial consonants, onsets or initial
consonant clusters, vowel, and ending. Care was taken to ensure that the nonword stimuli
had neither rhyming nor Coltheart neighbors to real words. Coltheart neighbors were
defined both orthographically and phonologically, i.e., neighbors with one letter or

phoneme replaced. Five sets of stimuli were created with different randomized orders of
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the 96 nonwords so as to prevent any order effects that may be caused by presenting all
participants with the same order of stimuli.

Design. The study is a mixed-models design looking at whether the proportion of
doubling of medial consonants in the nonword stimuli was predicted by the following
variables: Individual differences (spelling ability, language group, pinyin accuracy for
Mandarin group); linguistic characteristics (vowel length, ending type, number of letters
in the first vowel, bigram frequency of medial consonants); and task (choice vs. free).

Procedure. In both the United States and Singapore, participants were tested in
groups ranging from one to 10. They were first given the WRAT spelling test and the
Shipley vocabulary test. Groups were randomly assigned their spelling task (free/choice)
as well as the set of nonword stimuli that they were told to spell during the experimental
session. Mandarin-speaking participants in Singapore were then given the pinyin
transcription test, where they were asked to write the pinyin transcription of Chinese
characters. Last, participants were asked to complete a demographics and language
background questionnaire. After the experiment, participants received remuneration for
their participation and were then debriefed.

Results

Data from the free and choice task were combined and analyzed using the Ime4
software package (Bates, 2011) via a multilevel model with participant and stimulus as
random factors. We looked at two main dependent variables separately: proportion of

doubling of medial consonants and nonword spelling accuracy.
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Main analysis: All language groups. All language groups were included in this
analysis.

Proportion of doubling: All endings. We asked whether the proportion of
doubling of medial consonants was predicted by the following variables: Individual
differences (spelling ability, language group); linguistic characteristics (vowel length,
ending type, number of letters in the spelling of the first vowel, bigram frequency of
medial consonants); and task (choice vs. free). The continuous variables, spelling ability
and bigram frequency, were centered in all analyses. A preliminary analysis revealed
significant main effects of spelling ability (p < .001), bigram frequency (p < .001), vowel
length (p <.001), number of letters in the spelling of the first vowel (p < .001), and task
(p <.001).

In our next preliminary analysis, we asked if the linguistic characteristics that
were significant in predicting the proportion of doubling interact with individual
differences (spelling ability, language group) and task. Thus, in addition to the main
effect of each variable, the second model included these two-way interactions. An
interaction between bigram frequency and vowel length was also included to see if the
preliminary interaction found in raw proportions was significant. The interaction between
language group and number of letters in the spelling of first vowel was not included as its
inclusion resulted in an unusually high standard error due to a much lower number of first
vowels spelled with more than one letter for the Mandarin group (7.6%) as compared to
the other groups (all > 9%). The analysis revealed significant two-way interactions

between bigram frequency and vowel length (p <.001), bigram frequency and task (p <
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.001), language group and vowel length (p < .001), and spelling ability and vowel length
(p <.001).

Last, we were interested to see if the above significant two-way interactions
interact with task, so we decided to test for these possible three-way interactions. Thus, in
addition to the main effects and two-way interactions from the first two models, the final
model included these three-way interactions. Results from the final multilevel model are
organized based on the location of the statistical patterns in reference to the medial
consonant.

Before the medial consonant. Results from the final multilevel model showed a
significant main effect of the number of letters in the spelling of the first vowel (p =
.001). Similar to the statistical patterns, if the vowel before the medial consonant was
spelled with more than one letter, participants were unlikely to double the medial
consonant (see Table 5 for proportion of doubling).

There was also a significant main effect of vowel length (p < .001). Similar to the
statistical patterns, participants were more likely to double medial consonants after a
short vowel than after a long vowel (see Table 5 for proportion of doubling). This effect
was moderated by spelling ability as well as language background. The spelling ability
and vowel length interaction (p < .001) reflects that better spellers were more influenced
by vowel length. That is, the better the speller, the more likely he or she was to double a
medial consonant after a short vowel than a long vowel (see Figure 1). Following this
interaction, there was a significant three-way interaction with spelling ability, vowel

length, and task (p <.001). The interaction between spelling ability and vowel length,
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where better spellers were more likely to double a medial consonant that comes after a
short vowel than a long vowel, was more pronounced in the choice task than in the free
spelling task (see Figure 2).

The language background and vowel length interaction (p <.001) reflected the
fact that the American group was the most influenced by vowel length when doubling. As
Figure 3 shows, they were the most likely to double medial consonants after a short
vowel than a long vowel. The Mandarin and Malay groups were also influenced by vowel
length in the same direction, although to a lesser extent. The Tamil group was not
significantly influenced by vowel length. There was no significant three-way interaction
of language background, vowel length, and task.

At the medial consonant. Participants doubled more with medial consonants of
higher bigram frequency (High: 28% vs. Low: 23%) but this initially significant main
effect was no longer significant in the final model. However, there was a significant
bigram frequency and vowel length interaction (p < .01). There was a stronger effect of
bigram frequency (greater doubling of medial consonants with higher bigram frequency)
for medial consonants after short vowels than after long vowels (see Figure 4). There was
also the bigram frequency and task interaction (p <.001), where there was a larger effect
of bigram frequency in the free spelling task than in the choice task (see Figure 5).
Following these two interactions, there was a significant three-way interaction with
bigram frequency, vowel length, and task (p < .05). The interaction between bigram
frequency and vowel length was more pronounced in the free task than in the choice task

(see Figure 6).
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After the medial consonant. Participants did not show a significant effect of
ending type when doubling (Latinate: 25% vs. Non-Latinate: 26%).

Task. Participants were more likely to double medial consonants in the choice
task than in the free spelling task, as shown by the significant main effect of task (p <
.001; see Table 5 for proportion of doubling). There was also a significant spelling ability
and task interaction (p < .001), such that better spellers showed more doubling than
poorer spellers in the choice task. Not only was there a smaller effect of spelling ability in
the free task, the interaction could also have reflected a floor effect in the free task (see
Figure 7).

Language background. There was a significant main effect of language
background (p = .01). The Mandarin group doubled the most, followed by the American
English and Malay groups, and the Tamil group doubled the least (see Table 5 for
proportion of doubling).

Proportion of Doubling: Only endings as defined by experimenter. To see
whether the lack of an ending effect was due to participants not spelling the endings as
intended by the experimenter, we removed endings that were not spelled as «<ib», <ip>, (g,
dey, dd>, and «ity in the free task. A total of 1057 trials were removed and 16190 trials
remained in both tasks. We then ran the same multilevel model as in the previous analysis
and found similar effects but still no effect of ending.

Nonword Spelling Accuracy. We asked whether the accuracy of nonword
spelling in the free spelling task was predicted by the following variables: age, sex,

spelling ability, and language group. Age and sex did not predict nonword spelling
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accuracy but language group (p <.001) and spelling ability (p < .01) did. The effect of
language group on nonword spelling accuracy is interesting given the groups’
comparable standardized WRAT scores. Table 6 shows the nonword spelling accuracy of
each language group as well as for participants at high and low WRAT scores. On
average, the Mandarin group were good spellers, yet they were poorer at nonword
spelling than the Malay and Tamil groups. The American group was the most accurate in
nonword spelling. The effect of spelling ability confirms the value of the WRAT spelling
task in that the better the spellers performed on the WRAT, the better they were at
spelling nonwords.

The Singaporean group spelled nonwords less accurately (65%) than the
American group (94%). Looking at spelling accuracy across vowels, the Singaporean
group spelled all vowels almost as accurately as the American group except for two
vowels: /&e/ (47% vs. 86%), and /1/ (86% vs. 98%). Figure 8 shows spelling accuracy
across vowels for both groups.

Supplemental analysis: Mandarin group. Supplemental multilevel model
analyses were carried out specifically on the Mandarin group using a similar general
statistical approach as the main analysis, but with the inclusion of the individual
difference variable of pinyin accuracy as a main effect and interactions with the
significant main effects of linguistic characteristics and task. Number of letters in the
spelling of the first vowel had to be removed in all analyses as its inclusion in the model
caused an unusually high standard error due to a much lower number of first vowels

spelled with more than one letter (7.6%) than first vowels spelled with one letter.
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Proportion of Doubling: All endings.

Pinyin accuracy. Those with higher pinyin accuracy tend to double medial
consonants more overall, but this effect was only marginal (p = .056). A new finding of
interest is the significant interaction between vowel length and pinyin accuracy (p < .05),
which showed that those who were better at pinyin were more influenced by vowel length
when doubling medial consonants. That is, the better he or she was at pinyin, the more
likely he or she was to double a medial consonant that comes after a short vowel than a
long vowel (see Figure 9). There was a significant three-way interaction with pinyin
accuracy, vowel length, and task (p < .05). The interaction between pinyin accuracy and
vowel length, where those who were better at pinyin were more likely to double a medial
consonant that comes after a short vowel than a long vowel, was more pronounced in the
choice task than the free task (see Figure 10).

Another new finding of interest is the significant interaction between pinyin
accuracy and bigram frequency (p < .001). Those who had higher pinyin accuracy had a
stronger effect of bigram frequency than those with lower pinyin accuracy (see Figure
11). The three-way interaction between bigram frequency, pinyin accuracy, and task was
not significant.

It is important to note that Mandarin vocabulary score replaced pinyin accuracy in
a separate analysis and did not significantly predict proportion of doubling or
significantly interact with any linguistic characteristic or task.

Proportion of Doubling: Only endings as defined by experimenter. To see

whether the lack of an ending effect was due to participants not spelling the endings as
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intended by the experimenter, we removed endings that were not spelled as b, «ip>, (g,
dcy, <idy, and <ity in the free task. A total of 286 trials were removed and 3686 trials
remained in both tasks. We then ran the same multilevel model as in the previous analysis
and found similar effects but still no effect of ending.

Nonword Spelling Accuracy. Here, we asked whether the accuracy of nonword
spelling in the free spelling task was predicted by age, sex, spelling ability, and pinyin
accuracy. In addition to the main effect of each variable, the model included a two-way
interaction between the spelling ability and pinyin accuracy. There were significant main
effects of spelling ability (p <.001) and pinyin accuracy (p < .01). Table 7 shows the
nonword spelling accuracy for Mandarin-speaking participants at high and low WRAT
scores as well as at high and low pinyin accuracy. As previously mentioned, the effect of
spelling ability was expected in that the better the spellers performed on the WRAT, the
better they were at spelling nonwords. The effect of pinyin accuracy was also expected in
that being better at pinyin also predicted higher accuracy in spelling nonwords.
Interestingly, there was no significant interaction between spelling ability and pinyin
accuracy in predicting nonword spelling accuracy, thus indicating that the main effects of
spelling ability and pinyin accuracy are in the same direction.

When Mandarin vocabulary score replaced pinyin accuracy in a separate analysis,
it did not significantly predict nonword spelling accuracy.

Discussion
The aim of Study 2 was to follow up on the statistical patterns in relation to

doubling in English found in Study 1 and collect behavioral data on doubling. We wanted
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to see if people were sensitive to the statistical patterns found in Study 1 and if this
sensitivity depended on context. We also explored other individual differences that might
influence spelling such as language background, spelling ability, and the type of spelling
task one is asked to do.

People seemed to be influenced by statistical patterns when doubling but these
influences were moderated by other factors such as context, individual differences such
as spelling ability and language background, and task. First, people were influenced by
doubling patterns involving the medial consonant itself. People doubled more with
medial consonants of higher bigram frequency, which is similar to the statistical pattern
that we found in the vocabulary. They did so especially after short vowels in the free
spelling task. The bigram frequency effect was also moderated by pinyin accuracy in that
those who were better at pinyin were more influenced by bigram frequency in doubling
medial consonants. It is unclear as to why such an effect was found. More can be said
only after a replication of such an interaction as well as further understanding about the
characteristics of pinyin that can make one more sensitive to the statistical patterns of
doubling in medial consonants.

Second, to investigate whether people are influenced by context-sensitive or
context-free probabilities in doubling, we looked at whether people were influenced by
preceding and following context. Indeed, people were influenced by preceding context
such as the number of letters that are spelled in the preceding vowel and preceding vowel
length. Similar to the statistical pattern we found in the vocabulary, people hardly ever

doubled if they spelled the preceding vowel with more than one letter, such as <graivit
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for /graivit/ instead of «grivity. Looking at vowel length, people tended to double more
after a short vowel, which is similar to the statistical pattern we found in the vocabulary.
This effect was moderated by spelling ability, pinyin accuracy (better spellers and those
who were better at pinyin were more influenced by vowel length), and language
background. With regards to the interaction of the vowel length effect with spelling
ability, this was similar to what was found by Treiman and Kessler (2006) in that better
spellers were more sensitive to context in spelling. With regards to the interaction of the
vowel length effect with pinyin accuracy, this was an unexpected finding, but it might be
that pinyin knowledge allows for the development of phonological knowledge in spelling,
which has been found to correlate with spelling ability in previous studies, and thus,
making one more sensitive to phonological patterns in doubling.

With regards to the interaction of the vowel length effect and language
background, we found that both dialect and the language one was exposed to other than
English affected one’s sensitivity to the pattern of vowel length in spelling. In terms of
dialect differences, Americans had a larger vowel length effect than Singaporeans,
possibly because, as mentioned earlier, vowel length is not as differentiated in
Singaporean English, therefore the Singaporeans were not as sensitive to the pattern of
vowel length when doubling. Looking at the language one is exposed to other than
English, as we expected, the Tamils had the smallest vowel length effect, as they possibly
associated consonant doubling with the lengthening of doubled consonants in Tamil
instead of the preceding vowel. This is further corroborated by the finding that the Tamils

double medial consonants the least across all language groups. As there is no doubling of
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consonants in Malay and Mandarin that could influence one’s doubling in new words, it
IS not surprising that both the Malay and Mandarin groups have similar vowel length
effects that are larger than the Tamils’. These findings augment our understanding of the
role of language background in spelling and support the idea that the use of one writing
system can affect the use of another writing system, depending on their linguistic
characteristics.

Although people seemed to be influenced by preceding context, people were not
sensitive to the ending when doubling. This seems to suggest that people were more
affected by the preceding context and the consonant itself. There are two possible
interpretations of this lack of ending effect. First, the results may support a left to right
(serial) view of spelling as postulated by Simon and Simon (1973), where people’s choice
of a single or doubled medial consonant is affected by what comes before but not by what
is to come after. Second, it might be possible that there is actually an effect of ending
(people double less with Latinate endings) but the effect was not detected due to the rare
non-Latinate endings that were used for comparison. These endings were chosen mainly
because they could not be interpreted as a separate morpheme and that they were similar
to Latinate endings. However, as these endings are rare in English, people might not be
sure whether they should double or not double the medial consonant before these
endings, and they ended up doing the simplest and statistically most frequent action, i.e.,
not doubling. In this view, experience with a particular ending is important in
determining what one does when one gets a new item with that ending, but if one has not

had much experience with a particular ending, one resorts to something simple and basic.
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This possible interpretation suggests that one would perhaps see more doubling of the
medial consonant if one is presented with a more common ending that usually has
doubling before it and after a short vowel. This would speak against a serial view of
spelling in showing that what is to come does influence the spelling of the consonant and
support previous findings that showed an effect of following context on spelling
(Treiman & Kessler, 2006). What is clear, however, is that people have not internalized a
doubling pattern that will generalize across all endings.

Despite the effects that we found showing the influence of preceding context on
doubling, there is overall a low rate of doubling in the experiment in both tasks, and
especially in the free spelling task. People have a strong preference for single medial
consonants when they have to produce their own spellings, corroborating the findings of
Pollock and Zamora (1983), Yannakoudakis & Fawthrop (1983), Bebout (1985), James et
al. (1993), Haggan (1981), and Deacon et al. (2011). Even when they were presented
with a doubled medial consonant in the choice task, they preferred single medial
consonants more than 50% of the time. Results speak against the idea that people rely
strongly on the kind of rule they are sometimes taught in spelling instruction: double a
consonant after a short vowel. These results also support previous findings that people are
not applying these statistical patterns to the same extent as to what was found in the
language (Treiman & Kessler, 2006; Kessler, 2009); despite being experienced readers
and spellers, their behavioral patterns in doubling do not match or even come close to the
context-sensitive statistical patterns found in the vocabulary. Rather, people’s use of

context is constrained by their knowledge of typical context-free spellings (Perry &
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Ziegler, 2004; Treiman Bowey, & Bourassa, 2002), which is in this case, the more
frequent single medial consonant (63% of the time in disyllables). This supports theories
that postulate the use of context-free probabilities in spelling. Nonetheless, better spellers
were more sensitive to context as their behavioral patterns in doubling came closer to the
context-sensitive statistical patterns found in the vocabulary; this supports previous
findings by Treiman and Kessler (2006). More clearly needs to be done to understand the
role of context in spelling.

We also explored individual differences in spelling in terms of nonword spelling
accuracy. Results showed that both spelling ability and language background have an
effect on being able to spell new words. First, better spellers can spell new words more
accurately perhaps because they are able to take advantage of contexts when spelling
(Treiman & Kessler, 2006), but also because they are better at applying phoneme-to-
grapheme correspondences, an important skill in spelling new words, as found in
previous studies.

Second, dialect differences in English resulted in Singaporeans spelling nonwords
less accurately than the Americans despite having comparable spelling ability. The
common mispronunciation of certain consonants such as /d/ for /6/ and the conflation of
vowels lead to certain consonants and vowels sounding more similar in Singaporean
English than in American English such as /i/ and as well as /e/ and /&e/. All this seemed
to have a negative impact on the Singaporeans when they were given these specific
phonemes to spell in a new word. The finding that Singaporeans found it the hardest to

spell the vowel /&/ and /1/ as compared to other vowels replicated Brown’s (1988)
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finding. These errors speak to the important role of phonology in spelling and how dialect
differences can impact spelling accuracy, resulting in certain kinds of errors specific to
that dialect, as found in previous studies.

Third, even within the Singaporeans, there were differences in nonword spelling
accuracy that can be attributed to language background, despite them undergoing the
same English language instruction and having similar exposure to English. The exposure
to a logographic orthography with no phoneme-to-grapheme correspondences has a
negative effect on nonword spelling accuracy, as shown by the Mandarin group which
spelled nonwords least accurately, and greater knowledge of pinyin, the alphabetic form
of Mandarin with phoneme-to-grapheme correspondences, was associated with higher
nonword spelling accuracy. It is important to note that Mandarin vocabulary score did not
predict nonword spelling accuracy. The Malay and Tamil groups, which are exposed to
orthographies that have a one-to-one phoneme-to-grapheme correspondences, performed
much better than the Mandarin group in spelling new words. It is noteworthy that the
Tamil group had a much lower average score than the Mandarin group on the
standardized WRAT spelling task but they still had a higher nonword spelling accuracy.
This supports the idea that the orthography of an individual’s second language can either
hurt or help the individual’s ability to spell new words. Being exposed to an alphabetic
orthography, where there are direct phoneme-to-grapheme correspondences like Malay
and Tamil, helps in the development of knowledge of phonological processing and letter-
sound correspondences in that sounds map onto letters. This is not the case for non-

alphabetic orthographies with no phoneme-to-grapheme correspondences like Mandarin.
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Similar to what we found on the influences of language background in doubling, these
findings further augment our understanding of the role of language background in
spelling and support the idea that the use of one writing system can affect the use of
another writing system, depending on their linguistic characteristics.

General Discussion

The general issues addressed by these two studies were sensitivity to statistical
patterns in the English language and the role of that sensitivity in spelling. Despite
English having a reputation for being chaotic and extremely difficult to spell, there are
still statistical regularities in English spelling (e.g. Kessler, 2003), and these context-
sensitive statistics do affect decisions in spelling (e.g. Kessler, 2009). We have proposed
that although the doubling of medial consonants in English is difficult, it follows
statistical patterns and that sensitivity to these patterns plays a role in doubling. We have
also proposed that these patterns are not only context-sensitive, but also that the impact of
these patterns on doubling are moderated by the position of the context, spelling ability,
and language background. To begin to investigate this proposal, we looked at patterns
pertaining to the doubling of medial consonants in the English language.

In Study 1, we tabulated the statistical patterns in relation to the doubling of
medial consonants in English. We focused on four patterns: preceding vowel length,
number of letters spelled in preceding vowel, medial consonant, and ending type. In
Study 2, we collected behavioral data to see whether people were sensitive to these
statistical patterns when doubling or whether they were guessing randomly. If they were

being influenced by statistical patterns in the language, we then investigated if the
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influence of these statistical patterns depend on the positional context of these patterns,
i.e., preceding or following. We also explored whether such sensitivity to statistical
patterns was moderated by other factors such as spelling ability, language background,
and the kind of spelling task one was asked to do. Together, the results of both studies
suggest that people are sensitive to the statistical patterns in the language and these
statistical patterns influence the way they spell. Various factors moderate the sensitivity
to these statistical patterns—spelling ability, language background, and task.

Our findings on the influence of language background on spelling (above and
beyond spelling ability) have important implications, given the diversity of English-
language speakers and learners in the world. Educators must appreciate the linguistic
profile of the environment their students are in as well as the languages that they are
exposed to so as to tailor their teaching methods accordingly. For example, students who
are exposed to a non-alphabetic orthography may need more help in learning phoneme-
to-grapheme correspondences and how to cope with spelling a word that they have never
seen before. On another note, researchers need to appreciate the idea that the influence of
certain processes in spelling is not universal; rather, it depends on one’s language
background.

Although we found some evidence for the influence of context in doubling, it is
still inconclusive as we also found evidence for the influence of context-free probabilities
in doubling. Either way, these experienced readers and spellers are still not applying
statistical patterns to their spellings in proportions that are close to what was found in the

vocabulary. Perhaps humans are not optimal statistical learners (which explains our
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abundant spelling errors) or perhaps spelling is a much more complex process that cannot
be fully explained through the theory of statistical learning. More needs to be done to
provide a holistic understanding of the factors influencing the processes that underlie
spelling, so that people can be better spellers.

There are still further improvements that could have been made to both studies. In
Study 1, the statistical patterns derived from the database were based on General
American pronunciation. To accommodate dialect differences, Singaporean
pronunciation and frequency counts could be used to tabulate the statistical patterns more
accurately for the Singaporeans. In Study 2, a listening pinyin task in which participants
listen to Chinese characters and write down their pinyin might be a more valid test of
pinyin ability. Not only that, the non-Latinate endings that were used in this study were
rare in English. Future studies should seek to include a listening pinyin task and include
more common endings to test for an effect of ending in doubling medial consonants.
Furthermore, having studied the influence of these patterns and their moderating factors
on adult spelling, it would be important to look at these influences on spelling in children
so as to understand the development of these influences.

The present studies highlight the need for a fuller understanding of the factors
contributing to spelling. Here, we only looked at some factors influencing doubling in the
spelling of nonwords. There is still much more to learn about the development and
influence of statistical learning in the spelling of real words. For example, we need to
look at other factors in doubling or spelling such as morphology. Tracking the

development of these other factors is necessary to create an integrated picture of the
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competent speller. The first step in this process is appreciating the interactive nature of

these factors that underlie spelling.
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Table 1
Statistical Patterns Pertaining to Proportion of Doubling of Medial Consonants in

Disyllables (N = 8790)

Proportion of Doubling

By lg(type frequency) By token

Number of letters in first vowel spelling

One 0.46 0.49

More than one 0.02 0.03
Vowel length

Short: /a/, /&/, /¢/, I/ 0.65 0.69

Long: /o/, /e/, /al/, /i/ 0.01 0.01

Latinate endings™

-1¢» 0.19 0.21
-idy 0.05 0.09
ity 0.10 0.18

Non-Latinate endings™

-OW) 0.91 0.93
<-age» 0.60 0.63
-18) 0.57 0.47

*Medial consonant preceded by short vowel spelled with one letter
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Table 2
Statistical Patterns Pertaining to Proportion of Doubling of Medial Consonants in

Disyllables (N = 8790)

Proportion of Doubling

Medial Consonant By Ig(type frequency) By token
b 0.49 0.55
c 0.06 0.09
d 0.32 0.35
f 0.61 0.63
g 0.52 0.56
k 0.02 0.03
I 0.49 0.45
m 0.32 0.36
n 0.31 0.30
p 0.47 0.48
r 0.29 0.26
S 0.39 0.41
t 0.41 0.42
v 0.03 0.04
z 0.32 0.36
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Table 3

Mean Individual Characteristics across Groups in Study 2

Group

Singaporean

American Mandarin Malay Tamil

(N =168) (N =54) (N =44) (N=42)

Characteristic

M SD M SD M SD M SD

Age
WRAT Score

Shipley Vocabulary Age

2066 158 2291 222 2464 451 2248 594
12443 10.87 121.28 1091 12359 935 113.02 12.87

1854 119 1768 138 1781 121 1655 1.77
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Table 4

Bigram Frequency for the CC Bigrams in Study 2

Bigram Bigram Frequency Ig(Bigram Frequency)
bb 523.30 3.72
I 21368.91 5.33
mm 2480.73 4.39
nn 2263.76 4.35
pp 4527.34 4.66
vV 2.44 1.39
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Table 5
Proportion of Doubling of Medial Consonants as a Function of Vowel Length, Number of

Letters in First Vowel Spelling, Task, and Language Group

Proportion of Doubling

Vowel Length
Short 0.38

Long 0.13

Number of Letters in First Vowel Spelling

One 0.28
More Than One 0.00
Task

Choice 0.41
Free 0.06

Language Group

American English 0.25
Mandarin 0.29
Malay 0.25
Tamil 0.22
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Table 6

Nonword Spelling Accuracy across Language Groups and Spelling Ability

Accuracy

Language Group

American English 0.94
Mandarin 0.56
Malay 0.71
Tamil 0.69
Standardized WRAT Score

High (> 121) 0.80
Low (< 121) 0.69
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Table 7

Nonword Spelling Accuracy across Spelling Ability and Pinyin Accuracy (for Mandarin

Group)
Accuracy

WRAT Score

High (> 119.5) 0.63
Low (< 119.5) 0.48
Pinyin Accuracy

High 0.61
Low 0.49
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Appendix A

Stimuli for Choice/Free Spelling Task

Group 1 Group 2 Group 3 Group 4
Short Vowel, Short Vowel, Short Vowel, Long Vowel,
Non-Latinate Ending Latinate Ending Non-Latinate Ending Latinate Ending
sprabib sprabik spraibib spraibik
vabig vabid vobig vobid
zibip zibid gribip gribit
zebig zaebik zibib zibik
tramig tramid blemig blemid
dremip dremit zemip zemid
snilib snilik snailib snarlik
grelig grelid zailig zailik
snalip snalrt snelip snelrt
plemrib plemik dromib dromik
tfemig tfeemit zemig zemit
zilip zilik tfelip tfelid
zimib zmid plonib plonik
blaenig blenid slinig slintt
Z&nip zenid vonip vonit
glenib glenid tronib tronid
fipig fiprt ZipIg zipid
slepip sleprt glaipip glarprt
vipib vipik snipib snipik
zapig zapid smaipig smaipid
sn&vIp snevik grarvip grarvit
tfavib tfavik tfevib tfevik
smevib smevit fovip fovid
gravip gravit blivib blivit
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Appendix B

Stimuli for Chinese Character Transcription (Pinyin) Test

1 2 id 3 4

4 7 S il 6 I

7w 8 I 9
10 it 11 8 12 %
13 4 14 ¥ 15 JiA
16 HE 17 4 18 g
19 20 21 A
22 i 23 B 24t
25 % 26 fF 27 A
28 it 29k 30 JF
31 32 33 it
3 i 35  fF 36 4
37 % 38 it 39
40 Mk 41 3 42 47
43 It 4 5 45 K
46 47tk 48 ik
49 50 51 JiF
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Appendix C
Language Background and Demographics Questionnaire (United States)
What isyourage?
Are you: Male __ Female_
Are you a student? Yes __ No

Are you: Hispanic Not Hispanic | do not wish to report this information

Please place a check beside one or more of the following racial categories that apply to you:
American Indian / Alaskan Native

Asian (Please specify: )

Native Hawaiian or Other Pacific Islander
Black / African American
White / Caucasian

More Than One Race (Please specify: )

| do not wish to report this information

Is English your native language? Yes  No
If no, please answer the following:

a. What is your native language?

b. At what age did you learn English?
c. Was English the first language in which you learnedtoread? Yes _ No

d. Was English the first language in which you learned to write? Yes __ No____
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Do you speak or know any language(s) aside from English? Yes  No

If yes, please answer the following:

10.

Language 1

Language 2

Language 3

Others

List the languages
you know:

Age you learned the
language:

How/Where you
learned the
language:

Fluency (Reading):
Excellent/Fair/Poor

Fluency (Writing):
Excellent/Fair/Poor

Fluency (Speaking):
Excellent/Fair/Poor

Have you ever been diagnosed with any disorder(s) that have affected in the past or might

currently affect your ability to read or spell? Yes_ No____

If so, please explain.

Have you ever been diagnosed with any hearing or speech disorder(s)? Yes _ No ___

If so, please explain.

Are you aware of any rules for doubling a medial consonant in spelling?

If yes, please explain.
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Appendix D
Language Background and Demographics Questionnaire (Singapore)
What isyourage?
Are you: Male __ Female_

Are you a student? Yes __ No
Are you: Hispanic Not Hispanic | do not wish to report this information
Please place a check beside one or more of the following racial categories that apply to you:

American Indian / Alaskan Native

Asian (Please specify: )

Native Hawaiian or Other Pacific Islander
Black / African American
White / Caucasian

More Than One Race (Please specify: )

| do not wish to report this information

Is English your native language? Yes  No
If no, please answer the following:

e. What is your native language?

f. At what age did you learn English?
g. Was English the first language in which you learnedtoread? Yes _ No

h. Was English the first language in which you learned to write? Yes __ No____
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Do you speak or know any language(s) aside from English? Yes  No
If yes, please answer the following:

Language 1 Language 2 Language 3 Others

List the languages
you know:

Age you learned the
language:

How/Where you
learned the
language:

Fluency (Reading):
Excellent/Fair/Poor

Fluency (Writing):
Excellent/Fair/Poor

Fluency (Speaking):
Excellent/Fair/Poor

Please report examination grades for ALL languages:

‘AO’ Level (GP)/ Other Certificates:

Language 0’ Level Higher MT (please specify)

English

Mother Tongue (MT)
(Chinese/Malay/Tamil)

Others: (please specify)

Have you previously taken Higher Chinese/Malay/Tamil (delete where applicable)?
Yes __ No
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10. Have you previously taken Chinese/Malay/Tamil Literature (delete where applicable) at the
“A-level”?Yes _ No

11. Were you taught Hanyu Pinyin formally? Yes _ No
If yes, please answer the following:

a. At what age did you learn Hanyu Pinyin?

b. How were you taught Hanyu Pinyin?

c. Where were you taught Hanyu Pinyin?

d. Duration of formal instruction of Hanyu Pinyin:

12. Have you ever been diagnosed with any disorder(s) that have affected in the past or might
currently affect your ability to read or spell? Yes  No_
If so, please explain.

13. Have you ever been diagnosed with any hearing or speech disorder(s)? Yes ___ No___
If so, please explain.

14. Are you aware of any rules for doubling a medial consonant in spelling?
If yes, please explain.
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Appendix E

List of Plausible Spellings per Phoneme for American and Singaporean English

Plausible Spellings

Phoneme American Singaporean
Vowel
ae, ai, aie, aille, ais, ay, aye, ei, ae, ai, aie, aille, ais, ay, aye, ei, eigh,
/a1/ eigh, ey, eye, i, ia, ie, igh, is, oi, ui, ey, eye, i, ia, ie, igh, is, oi, ui, uy,
uy, uye, y, ye uye,y, ye
o/ 0, 0a, OW, 0u, Oe, 00, eau, oh, ew, 0, 03, OW, 0u, 0e, 00, eau, oh, ew,
au, aoh, ough, eo, aux au, aoh, ough, eo, aux
Jif e, €3, ee, ae, ig, €0, Oe, ay, ey, i, Y, e, €3, ee, ae, ig, €0, Oe, ay, ey, i, Y,
oi, Ue, ey oi, Ue, ey
a, aa, ae, ai, aigh, al, ao, au, ay, e, -
lel ea, el, eigh, ee, eh, es, et, ey, ez, ie, 4, ad, 8¢, al, aigh, al, ao, au, ay. € €4,
oeh ei, eigh, ee, eh, es, et, ey, ez, ie, oeh
a, au, aw, ough, augh, o, oa, 00, al,
/a/ ,au, aw, ough, augh, o, 0a, 00, al, uo, u, ao, eau, ach, au, ou, or, ore,
uo, u, ao, eau, ach, au, ou
our, oar
Il a, ai, al, au, i a, ai, al, au, i, air, aire, are
. i,y,ui,e ie 0,U a,c¢eilia eaai, 1Y, uielieo0U,a,¢ei,Iia, ea, ai, ey,
ey, oe oe
e/ e, e, a, ae, ai, ay, ei, eo, ie, ieu, u, e, ea, a, ae, ai, ay, ei, eo, ie, ieu, u,
ue, oe, eh ue, oe, eh, ear, eir, ere, err, erre, eh
Consonant
Ipl P, PP, ph
/bl b, bb, bh
It/ t, tt, ed, pt, th, ct
/d/ d, dd, ed, dh
/9/ g, 99, gue, gh, go
Ikl c, k, ck, ch, cc, qu, q, cq, cu, que, kk, kh
/m/ m, mm, mb, mn, mh, gm, chm
In/ n, nn, kn, gn, pn, nh, cn, mn
y/ ng, n, ngue, ngh
Ir/ r, rr, wr, rh, rrh
It/ f, ph, ff, gh, pph
vl v, w, f, ph
10/ th, chth, phth, tth
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10/
1zl
/f!
3/
Itf/
/dz3/
/h/
ljl
n
w/
Is/

th
S, Z, X, ZZ, SS, Z€e
sh, ti, ci, ssi, si, ss, ch, s, sci, ce, sch, sc
si, s, 0,2 ], zh, ti
ch, t, tch, ti, ¢, cz, tsch
g, ], dg, dge, d, di, gi, ge, dj, g9
h, wh, j, ch
Y, i, j, |l
I, 11, Ih
w, u, 0, ou, wh
S, C, SS, SC, St, ps, cc, se, ce S, C, SS, SC, St, ps, cc, se, ce, Sz
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