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From Three L1 Writing Systems
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1 Department of Linguistics, Southern Illinois University, Carbondale, IL, United States, 2 Center for English as a Second
Language, Southern Illinois University, Carbondale, IL, United States, 3 Department of Curriculum and Instruction, Southern
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Spelling is a fundamental literacy skill facilitating word recognition and thus higher-
level reading abilities via its support for efficient text processing (Adams, 1990;
Joshi et al., 2008; Perfetti and Stafura, 2014). However, relatively little work examines
second language (L2) spelling in adults, and even less work examines learners
from different first language (L1) writing systems. This is despite the fact that the
influence of L1 writing system on L2 literacy skills is well documented (Hudson, 2007;
Koda and Zehler, 2008; Grabe, 2009). To address this shortcoming, this study collected
data on real word spelling, pseudoword spelling, and phonological awareness (elision)
abilities from 70 participants (23 native speakers; 47 ELLs with alphabetic, abjad, and
morphosyllabic L1s). Analyses compared performance on real word and pseudoword
spelling between L1 English speakers and ELLs, and additionally among the non-native-
speaker L1 groups (categorized into alphabet, abjad, and morphosyllabary groups).
Similar comparisons were made across groups for performance on phonological
awareness. Further, correlations were calculated between phonological awareness and
real word spelling and between phonological awareness and pseudoword spelling,
separately for L1 English speakers and the various ESL groups. Spelling accuracy on
real words and pseudowords as well as phonological awareness skill differed between
native speakers and ESL speakers, and also varied by the ESL speakers’ L1 writing
system. Theoretically interesting patterns emerged in the spelling data. For example,
the morphosyllabic L1 speakers had strong real word spelling (better than the other
ESL groups) but greatly decreased pseudoword accuracy (a drop of 59% in accuracy).
Although alphabetic L1 speakers had low spelling accuracy in terms of strict scoring,
they had lower rates of errors per item, highlighting the importance of scoring approach
for shaping the conclusions that are drawn. Error rates also revealed vowels to be more
problematic than consonants, particularly in abjad L1 speakers. The results demonstrate
that L2 spelling abilities, phonological awareness, and the relationships among them
vary by L1 writing system, and that differing approaches to scoring and analysis may
lead to varying conclusions.
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INTRODUCTION

Literacy is widely recognized as a foundational educational skill
(e.g., Snow and Strucker, 1999; Gomez and Gomez, 2007).
Although it has received somewhat less attention than other
critical literacy skills such as phonological awareness, decoding,
and word recognition (Treiman, 1997; Joshi et al., 2008), a
number of models of first language (L1) spelling development
have been articulated (e.g., Chall, 1983; Frith, 1985; Ehri, 1989;
Nunes et al., 1997); the relationships between spelling ability and
other components of literacy have been examined (Gill, 1989;
de Manrique and Signorini, 1994; MacDonald and Cornwall,
1995; Yeung et al., 2011; Graham and Santangelo, 2014), and best
approaches for spelling instruction have been established (e.g.,
Graham, 1999; Moats, 2005; Joshi et al., 2008; Bear et al., 2019).

In contrast, spelling ability has received relatively little
attention in second language (L2) learners. Existing research
shows evidence both for overlap with L1 spelling (Wade-Woolley
and Siegel, 1997; Durgunoğlu, 1998; Figueredo, 2006; Jongejan
et al., 2007) and L1-based differences (Koda, 2004, 2008; Dixon
et al., 2010; Dich and Pedersen, 2013). In particular, L2 spelling
is influenced by the characteristics of learners’ L1 writing system
(Ziegler and Goswami, 2005; Koda and Zehler, 2008; Frost, 2012;
Perfetti and Verhoeven, 2017). However, much of this research
has focused on young bilingual students, not adult L2 users, and
cross-linguistic comparisons with the same tasks and materials
are limited. Further, little is known about how L2 spelling ability
relates to other L2 literacy skills, and how these relationships vary
in learners from different L1s.

To address these gaps, the current study analyzed English
spelling data from adult ESL users in three L1 groups (based on
L1 writing system: alphabet, abjad, or morphosyllabary), as well
as a native speaker comparison group. Data were additionally
collected on phonological awareness ability to facilitate cross-
linguistic comparisons of not only spelling ability, but also how
spelling is related to other key literacy skills.

SPELLING AS A CENTRAL COMPONENT
OF LITERACY

Although spelling ability frequently gets only secondary attention
in literacy research (Treiman, 1997; Joshi et al., 2008), it is in
fact strongly interrelated with overall literacy skills. Rather than
being simply a peripheral, rote, memory-based skill, spelling is
fundamentally connected to overall reading and writing abilities
(Ehri and Wilce, 1987; Ehri, 1997, 2000; Joshi et al., 2008). Much
of this connection is due to the fact that both word recognition
and spelling ability draw on the same underlying lexical
representations (Snow et al., 2005; Russak and Kahn-Horwitz,
2015). Thus, stable and fully-specified spellings (orthographic
forms) within lexical representations support rapid, automatic
word recognition during fluent reading (Perfetti and Hart, 2002;
Ehri and Snowling, 2004; Perfetti, 2007). Without such robust
lexical representations, additional cognitive resources must be
allocated to decoding and bottom-up word recognition and
retrieval, thus limiting the cognitive resources that can be

dedicated to higher-level reading skills such as text integration
and inferencing (Ehri, 2005; Mehta et al., 2005; Perfetti, 2007).

Spelling is also a key component of writing. The Simple
View of Writing (e.g., Berninger et al., 2002; Berninger and
Amtmann, 2003) describes four components of writing skill:
transcription (including handwriting and spelling), executive
functions (including attention, planning, and reviewing),
working memory, and text generation. If one component, such as
transcription (i.e., spelling), requires extra attentional resources,
the cognitive capacity available for the other components of
writing decreases (Wollscheid et al., 2016). In fact, students
with poor spelling skills typically write less, with more restricted
vocabulary, and at an overall lower level of quality than students
with good spelling skills (Graham et al., 1997; Singer and Bashir,
2004; Moats et al., 2006; Re et al., 2007).

Further evidence for the interconnectedness of spelling
with word recognition, reading comprehension, and writing
comes from research examining the impact of instructional
interventions. Targeted spelling instruction improves not only
spelling and phonological awareness (e.g., Graham et al., 2002;
Berninger and Amtmann, 2003; Graham and Santangelo, 2014)
but also word recognition (Post et al., 2001; Graham et al.,
2002; Graham and Hebert, 2011), reading fluency (Graham and
Hebert, 2011), and writing fluency (Graham et al., 2002). Thus,
spelling ability provides a window onto the underlying lexical
representations that serve as a foundation for readers’ general
literacy skills, both productive and receptive, and can also provide
an avenue for improving overall literacy.

One perennial point of contention in literacy research is
whether word recognition is best modeled via a single-route,
connectionist approach (e.g., Seidenberg and McClelland, 1989;
Plaut et al., 1996) or a dual-route approach, with one route
progressing via assembling grapheme-phoneme correspondences
and one progressing via direct lexical look-up (e.g., Coltheart
et al., 1993, 2001). However, this debate is not limited to
word recognition. Spelling ability may also draw on multiple
component skills, including phonological awareness, recoding,
and multiple aspects of orthographic knowledge. These can
include knowledge of both whole-word orthographic forms,
also known as mental graphemic representations (Apel, 2011)
or lexical orthographic knowledge (e.g., Deacon et al., 2012;
Conrad et al., 2013; Apel et al., 2019); as well as restrictions
on allowable letter combinations and placements, also called
graphotactics (e.g., Verhoeven et al., 2006; Deacon et al., 2008),
orthotactics (e.g., Masterson and Apel, 2007; Georgiou et al.,
2009), or sublexical orthographic knowledge (e.g., Cunningham
et al., 2001; Loveall et al., 2013).

Cross-linguistic research on spelling development suggests
that the degree to which individuals rely on these two major
sources of knowledge – phonological and visual/orthographic –
varies across languages, and in particular across writing systems.
As has been widely discussed in the literature on cross-
linguistic literacy, the varying phonological and morphological
characteristics of different languages are typically associated
with particular approaches to encoding the language in writing,
such that “every language gets the writing system it deserves”
(Frost, 2012, p. 266).
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Although there are different approaches to classifying writing
systems (e.g., compare Daniels and Bright, 1996; Perfetti and
Dunlap, 2008; Sampson, 2015), a relatively comprehensive
approach uses five general categories: alphabet, abugida, abjad,
syllabary, and morphosyllabary. An alphabet is a writing system
in which all sounds – both consonants and vowels – have full,
independent graphic forms representing them. Languages such
as Spanish, Russian, and Greek use alphabets. An abugida (or
alphasyllabary) is similar to an alphabet in that it is a segmental
system (each spoken sound is represented by a distinct graphic
form); however, it differs in that the main forms represent
consonants. Vowels are also written but are generally represented
by small diacritics or modifications to the main consonant
graphs. Many Brahmic languages (including Hindi, Marathi,
Nepali, Sanskrit, and Thai), Ethiopic languages (including Ge’ez,
Amharic, and Harari), and Cree languages (including Ojibwe and
Algonquian) use abugidas. An abjad is similar to an abugida in
that it is a consonant-central writing system, with vowels written
as diacritics above or below the main line of text; the primary
difference is that these vowel graphs are optional in abjads, and
in fact are frequently omitted in texts written for fluent adult
readers (e.g., Share and Levin, 1999; Abu-Rabia, 2001, 2002;
Frost, 2006). Arabic and Hebrew are both written with an abjad.
In a syllabary, each graph represents a distinct combination of
consonant(s) and vowel(s) (a syllable), with additional graphs
available for syllable codas as relevant. Japanese uses three
different writing systems, two of them (hiragana and katakana)
with syllabaries; Cherokee, Vai, and the Yi languages of China
also use syllabaries. Finally, in a morphosyllabary (or logography)
the written graphs represent whole morphemes, the smallest
meaningful unit of language. Similar to a syllabary, morphemes
are typically monosyllabic in such languages, meaning that the
written graphs correspond to single spoken syllables. However, in
a syllabary the number of graphemes is limited to the number of
spoken syllables and there is an established relationship between
written and spoken forms. In contrast, in a morphosyllabary,
there are many more graphemes than spoken syllables, and
written forms typically indicate only minimal information
about pronunciation. Chinese languages such as Mandarin and
Cantonese use a morphosyllabary.

Using a similar classification scheme, Frost (2012, pp. 267–
270) describes a variety of ways in which the linguistic
characteristics of languages (e.g., phonological limitations on
syllable structures, the number of possible syllables, the richness
of morphological paradigms) have resulted in pairings between
spoken and written language systems with optimal information
encoding. For example, in Mandarin and Cantonese, most words
comprise only one morpheme (with very little inflection or
derivation), most morphemes are monosyllabic, and syllables are
typically restricted to four or fewer sounds. This results in a very
small number of spoken syllables, and thus a large number of
homophones (Chao, 1968). Although many homophones can be
distinguished phonetically by tone, the use of additional graphs
indicating semantics (i.e., semantic radicals) must be used in
written text to disambiguate meaning – pushing Mandarin and
Cantonese toward the use of a morphosyllabic writing system
(DeFrancis, 1989; Wang et al., 2009). In contrast, Finnish makes

extensive use of derivational and inflectional suffixes, resulting in
words that are frequently 14 letters or longer (e.g., kirjastokortti
‘library card,’ perhetapahtuma ‘family event’) (Kuperman et al.,
2008). However, it uses a highly regular (i.e., shallow) alphabet,
with near-perfect consistency between graphemes and phonemes;
this high degree of regularity is necessary for such long,
morphologically complex words to be read effectively.

In conjunction with these linguistic variations in languages
using different writing systems, the approaches to text processing
that develop in fluent readers of different languages are strongly
influenced by such L1 characteristics (e.g., Ziegler and Goswami,
2005; Tolchinsky et al., 2012). For example, in shallow writing
systems such as German or Spanish, knowledge of phoneme-
grapheme correspondences and phonological segmentation
abilities are sufficient to accurately spell or read most words
(e.g., Frith et al., 1998; Ziegler and Goswami, 2005). However, in
deeper orthographies such as English, readers and spellers must
have knowledge not only of single sound-form mappings but also
more complex mappings between phonological units of varying
sizes (e.g., phonemes, rhymes, and syllables) and orthographic
sequences of varying lengths (e.g., single letters, digraphs such
as < th > or < ck >, non-linear spelling patterns such as VCe,
e.g., hope, and rimes such as -ough) (Goswami et al., 1998; Ziegler
and Goswami, 2005).

Research has also indicated that individual spellers may
take somewhat different approaches to spelling – either lexical
(whole-word) or sub-lexical (based on phoneme-grapheme
correspondences) (e.g., Baron, 1979; Treiman, 1984; Castles et al.,
1997). These individual tendencies for spelling strategies also
pattern with reading skills. For example, Lennox and Siegel (1993,
1996) examined the types of spelling errors produced by children
with different profiles of reading and spelling skills. They found
that children with reading disabilities and other poor spellers
tended to produce less phonologically accurate misspellings
and relied on phonological correspondence information to spell
words less frequently than normally achieving children and good
spellers (see also Bruck and Treiman, 1990; Lennox and Siegel,
1998; Cassar and Treiman, 2004). Thus, literacy research has
established the impact of L1 linguistic structure, L1 writing
system, and individual differences in overall literacy skills on
individuals’ spelling abilities.

UNDERSTANDING L2 SPELLING

Given the importance of high-quality lexical representations to
support word recognition and overall reading skill, surprisingly
few studies have included a detailed consideration of L2 spelling
skills. This is true even for English as a second/foreign language
(ESL/EFL), despite the international prevalence of this second
language (e.g., Crystal, 2003). However, the broad themes and
findings that have been established are described below to provide
a framework for ESL spelling as examined in the present study.

A number of studies on ESL spelling have found substantial
overlap between L1 (English) spelling development and L2
(ESL/EFL) spelling development. For example, ESL spelling
ability relies on largely the same component literacy skills
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(e.g., phonological awareness, orthographic knowledge, auditory
perception) as does monolingual L1 English spelling ability
(Wade-Woolley and Siegel, 1997; Durgunoğlu, 1998; Figueredo,
2006; Jongejan et al., 2007; Russak and Kahn-Horwitz, 2015). In
addition, L2 spellers may, in principle, rely on both or either
of phonological and orthographic knowledge for spelling in L2.
However, research on L2 text processing and spelling suggests
that the type of knowledge used most frequently varies based on
learners’ L1 background and the literacy processes that develop
as attuned to their L1 language and writing system. In other
words, the L1-specific text processing approaches that develop
along with initial literacy acquisition frequently transfer to and
influence L2 text processing approaches (Durgunoğlu, 2002;
Wang et al., 2003; Koda and Zehler, 2008). More specifically,
learners from shallow, alphabetic L1 backgrounds tend to
rely more on phonological skills and decoding/recoding for
word-level literacy (including word recognition and spelling),
whereas learners from deeper, opaque, and non-alphabetic L1
backgrounds tend to rely more on visual and orthographic
information for the same literacy skills (e.g., Holm and Dodd,
1996; Nassaji and Geva, 1999; Wade-Woolley, 1999; Akamatsu,
2003; McBride-Chang et al., 2004; Mayer et al., 2007; Martin and
Juffs, in press).

These general tendencies also influence the types of spelling
errors or misidentifications that are made most frequently by
learners from different L1 backgrounds. For example, Wang and
colleagues (Wang et al., 2003; Wang and Koda, 2005) examined
the word identification and phonological awareness skills of
university-level L1 Chinese and L1 Korean ESL students. They
found that the L1 Korean speakers had greater accuracy on a word
naming task (dependent on phonological skills) and had more
frequent regularization errors in their pronunciations of irregular
words than the L1 Chinese speakers. On the other hand, the L1
Chinese speakers were more accurate in a semantic categorization
task involving differently spelled homophones (demonstrating an
ability to rely on orthographic over phonological form) but had
more difficulty making judgments to words with similar spellings.
Similarly, in work examining L1 English and L1 Chinese learners
of L2 Japanese, Li and Martin (Li and Martin, 2017; Martin and
Li, 2017) found that L1 Chinese speakers produced substantially
fewer errors overall, and that the types of orthographic errors
produced revealed L1 influence. For example, the L1 English
speakers tended to produce phonologically based errors, in
particular errors resulting from maintaining the English (L1)
pronunciation of words borrowed into Japanese, whereas the
L1 Chinese speakers tended to transfer in (simplified) Chinese
characters in place of the target Japanese kanji characters.

Another well-established domain of L1 influence on
L2 spelling is L1 phonology: when examining the specific
misspellings produced by L2 spellers, errors frequently appear
for the spellings of sounds that do not exist or are not contrastive
in learners’ L1. For example, Wang and Geva (2003a,b) examined
the ability of L1 Cantonese-speaking children to spell words with
/θ/ < th > and /S/ < sh > – phonemes not present in Cantonese.
The L1 Cantonese speakers had substantially more errors
than matched L1 English speakers in spelling these non-native
phonemes as well as lower overall pseudoword spelling accuracy,

though they had stronger overall performance on a confrontation
spelling task (dependent on orthographic knowledge).

The two groups with the most available research
demonstrating an effect of L1 phonology on L2 spelling
are L1 Spanish speakers (Cronnell, 1985; Zutell and Allen,
1988; Ferroli and Shanahan, 1992; Fashola et al., 1996; Cook,
1997) and L1 Arabic speakers (Ibrahim, 1978; Cook, 1997;
Fender, 2008; Allaith and Joshi, 2011; Saigh and Schmitt,
2012). In Spanish, for example, spellers have been found to
frequently confuse < b > and < v > (e.g., < bery > for very)
and < s > and < z > (e.g., < eazy > for easy), as well as the
spellings of /i/ and /I/ (e.g., < it > for eat). Similarly, in L1
Arabic speakers, spelling errors frequently involve confusion
between graphemes representing sounds present in Arabic (e.g.,
/b/ and /f/) and their voicing pairs, representing sounds absent
from Modern Standard Arabic (e.g., /p/ and /v/); examples
include < cabable > for capable and < habet > for habit. Similar
evidence of L1 phonological influence on L2 spelling has been
documented for L1 German (James and Klein, 1994) and L1
Japanese (Cook, 1997).

Another area of L1 influence on L2 spelling, and L2 text
processing in general, is the differential levels of attention that
readers and spellers from some L1s have for vowels versus
consonants. More specifically, individuals from an abjad L1 (e.g.,
Arabic, Hebrew) show less awareness of, lower sensitivity to, or
less robust representations of vowels compared to consonants –
“vowel blindness” (Ryan and Meara, 1996). Early studies with
L1 Arabic speakers showed that they process Roman letters
much differently from L1 English speakers (Randall and Meara,
1988) and have reduced awareness of vowel letters in English
words (Ryan and Meara, 1991; partially replicated by Hayes-
Harb, 2006). More recent studies have shown that L1 Arabic
speakers use only minimal phonological information in text
processing (Fender, 2003; Martin and Juffs, in press). In terms of
spelling ability, L1 Arabic speakers also show greater difficulties
spelling vowels, particularly short vowels (which are typically not
represented in their L1 writing system) than other ESL students
(Fender, 2008; Saigh and Schmitt, 2012). A similar pattern has
also been found for L1 Hebrew speakers (Martin, 2017).

In sum, the limited research on ESL spelling abilities indicates
that there is substantial overlap with L1 spelling development,
including the reliance on phonological versus orthographic
information. However, ESL spelling is also influenced by both
L1 phonology (often leading to difficulties spelling non-native
phonemes or distinguishing spellings for non-native phonemic
contrasts) and the L1 writing system (e.g., reduced sensitivity
to vowels in abjad L1 speakers; greater reliance on phonological
skills in alphabetic L1 speakers and greater reliance on visual-
orthographic skills in morphosyllabic L1 speakers).

THE CURRENT STUDY

As detailed above, despite the centrality of spelling ability to
overall literacy skill, relatively little research has examined ESL
spelling abilities. Most of the research that has been conducted –
like L1 spelling studies (Arndt and Foorman, 2010) – has focused
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on younger learners, not adults (Allaith and Joshi, 2011), and
has not always included a comparison group of L1 English
speakers. This makes the patterns of ESL spelling errors difficult
to interpret (Fender, 2008; Saigh and Schmitt, 2012). In addition,
this research has typically investigated only single L1 groups
at a time (Figueredo, 2006), leading to difficulties in making
accurate cross-linguistic comparisons of ESL spelling skills due
to differences in task characteristics, target words, and lexical
and learner characteristics (Ziegler and Goswami, 2005). Finally,
little research has examined L2 spelling in relation to other
key component literacy skills, such as phonological awareness,
despite the fact that phonological awareness is a fundamental
literacy skill for English and is closely connected with spelling
ability in L1 English readers (Fender, 2008).

The current study was conducted in an effort to begin filling
in these gaps. In contrast to much of the existing research, the
target participants were adult learners of ESL at the university
level (rather than children in elementary or middle school). Data
were collected from learners with a range of L1 backgrounds;
these were grouped into three main categories on the basis of L1
writing system: alphabet, abjad, or morphosyllabary. Collecting
data from this range of L1 backgrounds facilitates cross-linguistic
comparisons using uniform task items and procedures. In
addition, data were collected from a comparison group of L1
English speakers, so that ESL performance (across L1 groups)
could be understood in the context of native-level performance.
Finally, participants also completed a phonological awareness
task, so that spelling ability could be examined in relation to this
key literacy skill. Phonological awareness was chosen because it is
a critical component skill for literacy, particularly in the opaque
orthography employed in English (e.g., Adams, 1990; Hanley
et al., 2004; Ziegler and Goswami, 2005). It also has a reciprocal,
mutually supportive relationship with spelling and reading ability
(e.g., Read et al., 1986; Perfetti et al., 1987; Goswami and Bryant,
1990; Huang and Hanley, 1995; Burgess and Lonigan, 1998),
and may provide insight regarding the strength of participants’
general phonological skills and the degree to which they rely on
such skills for their L2 English spelling.

MATERIALS AND METHODS

Participants
Data were collected from 70 participants: 47 ESL learners and 23
L1 English speakers (serving as a native speaker reference group).
All participants were adult (18 years or older) students recruited
from the intensive English program, undergraduate, and graduate
student populations at a mid-sized regional university in the
midwestern United States. The 47 ESL learners (23 female, 21
male, 3 with no data; average age 22.18 years) were either
preparing for or enrolled in undergraduate or graduate studies.
They were classified into three groups based on the type of writing
system employed in their L1: 27 alphabetic L1 participants
(24 L1 Spanish speakers, 1 L1 French speaker, 1 L1 Korean
speaker, and 1 L1 Efik speaker); 7 abjad L1 participants (all L1
Arabic speakers); and 13 L1 morphosyllabary participants (all L1
Mandarin Chinese speakers). Specific age data were not available

for the 23 L1 English speakers (19 female, 4 male), though all
participants fell within the typical undergraduate student age
range of 18–25 years old.

For the ESL learners, L2 proficiency information was available
in the form of a score from one or both of two different
standardized English proficiency tests: the Test of English as a
Foreign Language (TOEFL) or the Oxford Online Placement
Test (OOPT). Because there is no established, validated method
of converting scores from one of these two assessments to an
equivalent score on the other, the scores on each assessment were
instead converted to the corresponding level of proficiency as
described in the Common European Framework of Reference
(Council of Europe, 2001): A1, A2, B1, B2, or C1 + (see Table 1 for
detailed descriptions). Due to limited sample sizes for each L1 at
each proficiency level, these CEFR levels were further combined
into two main proficiency levels: lower proficiency (A1 through
B1 levels) and higher proficiency (B2 through C1 + levels). This
cut-off, of B1 vs. B2 levels as distinguishing higher versus lower
proficiency, is consistent with the cut-offs used for undergraduate
(B2) or graduate (C1) admissions at the institution where data
were collected. There were 22 lower-proficiency and five higher-
proficiency alphabetic L1 speakers, five lower-proficiency and two
higher-proficiency abjad L1 speakers, and five lower-proficiency
and eight higher-proficiency morphosyllabic L1 speakers.

Materials and Procedure
The first task completed by participants was a brief survey that
elicited participants’ L1. Following this, participants completed
two spelling dictation measures: one comprising 34 real English
words and one comprising 16 English pseudowords (see
the Supplementary Material for items and details of item
characteristics). The 34 real word items were a subset of the
items used by Fender (2008). They included 12 items targeting
within-word spellings, 11 targeting syllable juncture spellings,
and 11 targeting derivational spellings. The specific items chosen
were selected to include a variety of orthographic features (e.g.,
consonant and vowel digraphs, silent < e >), syllable structures
(e.g., single consonants and consonant clusters in onsets and
rhymes), and number of syllables (2–4; average 2.12). Words
had an average of 7.18 letters and 1.50 morphemes, and across
all items there were 71 judgments of consistent syllables and
73 judgments of inconsistent syllables1. The 16 pseudoword
items were taken from a variety of published studies examining
pseudoword spelling in ESL/EFL learners (Liow and Poon, 1998;
Wang and Geva, 2003b; San Francisco et al., 2006). These
specific items were again chosen to represent a variety of
orthographic features and syllable structures. Pseudowords were
all monosyllabic and had an average of 4.31 letters and 3.50
phonemes. Across all items there were 14 judgments of consistent
syllables and 18 judgments of inconsistent syllables.

1Both feedback (spelling) and feed-forward (reading) consistency information
was obtained from Ziegler et al. (1997), giving each syllable two consistency
judgments. For words with more than one syllable, feedback and feed-forward
consistency were determined for each syllable separately. This was done as a
proxy for consistency in multisyllabic words, given that objective statistics for the
consistency of such words are not available.
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Participants were tested in a group setting. Each participant
was seated at an individual Macintosh computer in a computer
lab. Participants completed the real word spelling dictation
measure first. They were told that they would hear an English
word pronounced aloud twice, with a pause in between, and
given approximately 10–12 s to write down the word with the
most accurate spelling they could. Following this, participants
completed the pseudoword spelling dictation measure. For this
task, they were told that they would hear a made-up word that
was not a real English word, and that they should write down
how they thought the word should be spelled if it were a real
English word. Again participants heard each item pronounced
aloud twice and were given approximately 10–12 s to write down
the spelling. All items were pronounced carefully by a female
native English speaker trained in ESL.

The final task completed by participants was a computer-
adapted version of the Elision task from the Comprehensive
Test of Phonological Processing (Wagner et al., 1999) to
measure their phonological awareness. This task comprised six
unscored practice items (with feedback), involving the deletion
of a whole syllable from a disyllabic word (3), the deletion
of the initial phoneme from a monosyllabic word (2), and
the deletion of the final phoneme from a monosyllabic word
(1). The initial unscored items were completed as a group,
following the standard procedure describe in the Examiner’s
Manual for the CTOPP. These were followed by 20 scored items
(without feedback), completed individually by each student on
their computer. The 20 scored items targeted the deletion of a
variety of units: whole syllables from disyllabic words (3), single
consonants in word-initial (3), medial (3), or final (2) positions,
and consonants from within a consonant cluster in word initial
(5), medial (2), or final (2) positions. Total testing time took
approximately 30–60 min.

Scoring and Analyses
Spelling responses were first typed verbatim into a digital
spreadsheet for scoring and analysis. Any doubts about the
written responses (e.g., due to unclear handwriting) were resolved
through discussion between a trained research assistant and the
first author. A strict scoring procedure (implemented via an Excel
formula) was used to determine accuracy: if the participant’s
production was spelled exactly correct it was marked as correct,
and any deviations from the correct spelling resulted in an
incorrect marking.

Responses to the Elision items were also transcribed into a
digital spreadsheet for scoring and analysis. All responses to
the Elision task were transcribed by a minimum of two trained
research assistants; inter-rater reliability was initially 89% and
items for which there was disagreement were resolved after
consulting a third coder.

Pearson correlations and generalized linear mixed effects
models with random intercepts for participants and items
(implemented via the lme4 package in R, Bates et al., 2015)
were used to analyze the data. A range of participant and
item characteristics and the two-way interactions among them
were initially considered for inclusion during model building:
participants’ age and gender; spelling items’ length (in letters),

consistency, and orthographic neighborhood; and real words’
frequency and mean bigram statistics. However, neither age nor
gender had a significant relationship with any of the outcome
variables (age: r = 0.17, p = 0.30 with word accuracy, r = 0.24,
p = 0.15 with pseudoword accuracy, r = 0.21, p = 0.23 with
elision accuracy; gender: r = 0.09, p = 0.47 with word accuracy,
r = 0.18, p = 0.15 with pseudoword accuracy, r < 0.01, p = 0.98
with elision accuracy) and were thus not included in any of the
mixed effects models.

Correlations were also used to guide the selection of item
characteristics to consider in modeling word and pseudoword
spelling accuracy. Although no item characteristics were
significantly associated with pseudoword spelling accuracy
(length in letters, r = −0.18, p = 0.50; number of orthographic
neighbors, r = 0.34, p = 0.20; frequency of orthographic
neighbors, r = −0.14, p = 0.61; positional biphone frequency,
r = −0.05, p = 0.85, positional letter frequency, r = −0.06, p = 0.84;
consistency, r = −0.17, p = 0.54), a number of item characteristics
were significantly associated with real word spelling accuracy
(length in letters, r = −0.52, p = 0.002; number of orthographic
neighbors, r = 0.39, p = 0.02; number of phonological neighbors,
r = 0.34, p = 0.049; age of acquisition, r = −0.52, p = 0.002). Thus,
length and number of orthographic and phonological neighbors
were considered in model building. Log frequency (r = 0.23,
p = 0.20 with real word accuracy) was also considered due to
its substantial influence in general lexical processing; however,
age of acquisition was not included in models because of its
high correlation with length (r = 0.81, p < 0.001) and concerns
regarding issues with multicollinearity.

Finally, Pearson correlations were calculated to examine the
relationships among real word spelling accuracy, pseudoword
spelling accuracy, and phonological awareness skills; these
correlations were calculated separately for each L1 background
group in order to determine whether the different groups
showed similar patterns of interrelatedness among these skills.
For the ESL groups, two-step hierarchical regressions (blockwise
entry with proficiency level dummy-coded as lower-proficiency
vs. higher-proficiency entered first) were used to calculate
semi-partial correlation coefficients between real word spelling
accuracy, pseudoword spelling accuracy, and elision accuracy,
controlling for L2 English proficiency.

RESULTS

Accuracy
Relationship Between Spelling and Phonological
Awareness Accuracy
Pearson correlations (zero-order for L1 English speakers, semi-
partial for ESL groups) among real word spelling accuracy,
pseudoword spelling accuracy, and elision accuracy are in
Table 2. As can be seen, the patterns of interrelationships among
these three tasks differed across all participant groups. The L1
English speakers had significant positive correlations between
real word spelling accuracy, pseudoword spelling accuracy,
and elision accuracy. Similar to the L1 English speakers, the
alphabetic L1 speakers showed a significant correlation between
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TABLE 1 | Common European Framework of References (CEFR) proficiency level descriptions.

General
description

Proficiency
level

Description

Proficient
User

C2 Can understand with ease virtually everything heard or read. Can summarize information from different spoken and written
sources, reconstructing arguments and accounts in a coherent presentation. Can express him/herself spontaneously, very
fluently and precisely, differentiating finer shades of meaning even in more complex situations.

C1 Can understand a wide range of demanding, longer texts, and recognize implicit meaning. Can express him/herself fluently and
spontaneously without much obvious searching for expressions. Can use language flexibly and effectively for social, academic
and professional purposes. Can produce clear, well-structured, detailed text on complex subjects, showing controlled use of
organizational patterns, connectors and cohesive devices.

Independent
User

B2 Can understand the main ideas of complex text on both concrete and abstract topics, including technical discussions in his/her
field of specialization. Can interact with a degree of fluency and spontaneity that makes regular interaction with native speakers
quite possible without strain for either party. Can produce clear, detailed text on a wide range of subjects and explain a
viewpoint on a topical issue giving the advantages and disadvantages of various options.

B1 Can understand the main points of clear standard input on familiar matters regularly encountered in work, school, leisure, etc.
Can deal with most situations likely to arise whilst traveling in an area where the language is spoken. Can produce simple
connected text on topics which are familiar or of personal interest. Can describe experiences and events, dreams, hopes and
ambitions and briefly give reasons and explanations for opinions and plans.

Basic User A2 Can understand sentences and frequently used expressions related to areas of most immediate relevance (e.g., very basic
personal and family information, shopping, local geography, employment). Can communicate in simple and routine tasks
requiring a simple and direct exchange of information on familiar and routine matters. Can describe in simple terms aspects of
his/her background, immediate environment and matters in areas of immediate need.

A1 Can understand and use familiar everyday expressions and very basic phrases aimed at the satisfaction of needs of a concrete
type. Can introduce him/herself and others and can ask and answer questions about personal details such as where he/she
lives, people he/she knows and things he/she has. Can interact in a simple way provided the other person talks slowly and
clearly and is prepared to help.

Descriptions are taken from the official site of the Council of Europe (https://www.coe.int/en/web/common-european-framework-reference-languages/table-1-cefr-3.3-
common-reference-levels-global-scale).

TABLE 2 | Correlations among spelling and phonological awareness accuracy by L1 background.

L1 English (n = 23)

Real word accuracy Pseudoword accuracy

Pseudoword accuracy 0.43* − −

Elision accuracy 0.50* 0.66**

Alphabetic L1 (n = 27)

Real word accuracy Pseudoword accuracy

Pseudoword accuracy 0.17 − −

Elision accuracy 0.36* 0.04

Abjad L1 (n = 7)

Real word accuracy Pseudoword accuracy

Pseudoword accuracy −0.29 − −

Elision accuracy −0.38 0.79*

Morphosyllabic L1 (n = 13)

Real word accuracy Pseudoword accuracy

Pseudoword accuracy −0.16 − −

Elision accuracy 0.41 0.10

*p < 0.05; **p < 0.01. Correlations for the L1 English group are zero-order; correlations for the ESL groups are semi-partial (controlling for L2 English proficiency).

real word spelling accuracy and phonological awareness.
However, unlike the L1 English speakers, the alphabetic
L1 speakers did not have significant correlations between
pseudoword spelling accuracy and phonological awareness, or
between real word and pseudoword spelling accuracy. The abjad

L1 speakers had a different pattern: a significant correlation
between pseudoword spelling accuracy and phonological
awareness, but not between real word spelling accuracy
and phonological awareness (though they also showed no
significant correlation between real word and pseudoword
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TABLE 3 | Mean word and pseudoword spelling accuracy and elision accuracy (% correct) by L1 background and ESL proficiency level.

Real word spelling Pseudoword spelling Elision

L1 English 94.25 (7.18) 66.11 (15.32) 78.91 (23.50)

Alphabetic L1 59.63 (19.80) 12.96 (15.84) 36.49 (22.53)

Higher proficiency 84.71 (10.89) 32.50 (24.37) 63.33 (13.59)

Lower proficiency 53.94 (16.71) 8.52 (9.27) 30.39 (19.56)

Abjad L1 67.65 (21.94) 23.21 (10.02) 60.00 (20.82)

Higher proficiency 82.35 (12.48) 28.13 (13.26) 77.50 (31.82)

Lower proficiency 61.76 (23.07) 21.25 (9.48) 53.00 (13.51)

Morphosyllabic L1 76.85 (16.72) 18.10 (12.38) 64.62 (14.21)

Higher proficiency 84.93 (11.17) 22.37 (13.88) 70.63 (15.22)

Lower proficiency 63.92 (16.77) 11.25 (5.23) 55.00 (3.54)

Standard deviations are given in parentheses.

spelling accuracy). The morphosyllabic L1 speakers, on the
other hand, showed no significant correlations between any of
these three tasks.

Phonological Awareness Accuracy
The means and standard deviations for Elision accuracy are
given in Table 3. There was a significant overall effect of L1
writing system, χ2(df = 3) = 35.86, p < 0.001, and the L1
English speakers were significantly more accurate than all three
ESL groups: alphabetic L1 speakers (β = −3.27, z = −6.50,
p < 0.001), abjad L1 speakers (β = −2.11, z = 2.85, p = 0.004),
and morphosyllabic L1 speakers (β = −1.45, z = −2.48, p = 0.01).
Next, the ESL speaker groups were examined in more detail
to explore the influence of both L1 writing system and L2
English proficiency on Elision accuracy. The overall effect of
L1 writing system was significant, χ2(df = 2) = 8.11, p = 0.02.
Specifically, the abjad L1 and morphosyllabic L1 speakers were
both significantly more accurate than the alphabetic L1 speakers
(β = 1.04, z = 2.07, p = 0.04; β = 1.08, z = 2.57, p = 0.01,
respectively). However, the difference between the abjad L1
and morphosyllabic L1 speakers was not significant, β = 0.04,
z = 0.07, p = 0.94. The effect of L2 English proficiency was
also significant, β = 1.60, z = 3.97, p < 0.001, such that
higher proficiency participants were significantly more accurate
than lower proficiency participants. However, the interaction
between L1 writing system and proficiency was not significant,
χ2(df = 2) = 2.21, p = 0.33, suggesting that the effect of proficiency
is the same regardless of L1 writing system.

Spelling Accuracy
The means and standard deviations for real word and
pseudoword spelling accuracy are given in Table 3. Overall
spelling accuracy was first examined as a function of participant
and item characteristics that were relevant for all participants
and items: lexicality (real words vs. pseudowords), item length
(in letters), orthographic neighborhood size; L1 writing system
(alphabet, abjad, morphosyllabary, or L1 English), and elision
accuracy. The effect of lexicality was significant, β = 3.18,
z = 6.01, p < 0.001; the effect of length was marginally significant,
β = −0.24, z = −1.80, p = 0.07; and the effect of orthographic
neighborhood size was not significant, β = −0.004, z = −0.08,
p = 0.93. The effect of elision accuracy was significant, β = 2.77,

z = 5.71, p < 0.001, as was the overall effect of L1 writing system,
χ2(df = 12) = 69.51, p < 0.001. Critically, L1 writing system
also interacted significantly with lexicality, χ2(df = 3) = 13.50,
p = 0.004. Therefore, further analyses were conducted for real
words and pseudowords separately.

For real word spelling, model building initially considered all
participant characteristics (L1 writing system, elision accuracy)
and item characteristics (length, number of orthographic
neighbors, and phonological neighbors) that correlations had
suggested may be relevant, as well as log frequency. The overall
effect of L1 writing system was significant, χ2(df = 3) = 25.11,
p < 0.001, as were the effects of elision accuracy (β = 3.19,
z = 4.63, p < 0.001) and word length (β = −0.51, z = −2.81,
p = 0.01). In addition, there were two significant interactions
involving comparisons between the L1 English speakers and
the alphabetic L1 speakers (by orthographic neighborhood
size, β = −0.29, z = −2.47, p = 0.01, and by phonological
neighborhood size, β = −0.15, z = −2.46, p = 0.01) as well as
two marginally significant interactions involving comparisons
between the L1 English speakers and the abjad L1 speakers
(by orthographic neighborhood size, β = −0.26, z = −1.89,
p = 0.06, and by log frequency, β = 0.38, z = 1.72, p = 0.08).
Thus, the final models of real word spelling accuracy examined
L1 English speakers and the ESL speakers separately, and
L2 English proficiency was also added as a factor for the
ESL model.

These final models are given in Table 4; these models were
selected as the final models because they each had significantly
better model fit (determined using the log-likelihood ratio test
and AIC values) than alternative models that included non-
significant predictors. For L1 English speakers, there were only
two significant predictors: elision accuracy and item length.
Specifically, participants with higher phonological awareness
scores had higher spelling accuracy, and longer words were
spelled less accurately than shorter words. For the ESL speakers,
several factors significantly impacted real word spelling accuracy.
The overall effect of L1 writing system was not significant,
χ2(df = 2) = 0.20, p = 0.91 (though it was maintained in the
model due to significant interactions with other variables). There
were significant effects of proficiency and elision accuracy, such
that participants with higher L2 English proficiency and with
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TABLE 4 | Final linear mixed effects models predicting real word spelling accuracy in L1 English speakers and ESL speakers.

L1 English speakers ESL speakers

β SE z β SE z

Intercept 6.19 1.88 3.30*** 2.31 1.65 1.40

Fixed effects

Abjad L1a 2.75 1.16 2.38*

Morphosyllabic L1a 1.39 1.39 1.00

Higher proficiencyb 1.29 0.39 3.40***

Elision accuracy 2.77 1.17 2.36* 2.51 0.97 2.58*

Length −0.53 0.20 −2.71** −0.12 0.28 −0.43

Orthographic neighborhood −1.00 0.40 −2.52*

Phonological neighborhood −0.62 0.24 −2.57*

Log frequency 0.13 0.20 0.67

Abjad L1a*Elision accuracy −4.82 1.93 −2.50*

Morphosyllabic L1a*Elision accuracy 2.24 2.29 0.98

Orthographic neighborhood* Elision accuracy 0.35 0.16 2.21*

Phonological neighborhood* Elision accuracy 0.19 0.07 2.64**

Orthographic neighborhood*Length 0.14 0.08 1.78‡

Phonological neighborhood*Length 0.09 0.05 1.99*

Orthographic neighborhood*Log frequency −0.36 0.15 −2.41*

Phonological neighborhood*Log frequency −0.18 0.08 −2.40*

Variance Component SD Variance Component SD

Random effects

Participants Intercept 0.99 1.00 0.57 0.76

Items Intercept 2.53 1.59 0.79 0.89

aAlphabetic L1 is the reference group. bLower proficiency is the reference group. ‡p < 0.10; *p < 0.05; **p < 0.01, ***p < 0.001.

higher phonological awareness had significantly higher spelling
accuracy than participants with lower L2 English proficiency and
with lower phonological awareness. There were also significant
effects of orthographic and phonological neighborhood size, with
lower spelling accuracy for words with larger orthographic or
phonological neighborhoods.

There were also a number of significant interactions that
qualified these overall effects. The interaction between L1 writing
system and elision accuracy was significant, χ2(df = 2) = 7.82,
p = 0.02; follow-up analyses within each L1 writing system
group were used to examine this further. For the alphabetic
and morphosyllabic L1 participants, the effect of phonological
awareness was significant and positive: participants with higher
elision accuracy had higher real word spelling accuracy
(alphabetic L1: β = 2.60, z = 2.28, p = 0.02; morphosyllabic
L1: β = 7.91, z = 2.63, p = 0.01). In contrast, for the abjad L1
participants, the effect of phonological awareness was marginally
significant, but in the opposite direction: abjad speakers with
higher elision accuracy had lower real word spelling accuracy,
β = −4.60, z = −1.89, p = 0.06.

The interactions between elision accuracy and orthographic
neighborhood size and phonological neighborhood size
were also significant. In each case, participants who had
higher phonological awareness experienced a larger effect
of both orthographic neighborhood size and phonological
neighborhood size. Finally, the interactions between word

frequency and orthographic neighborhood size and phonological
neighborhood size were significant. These interactions indicate
that higher-frequency words were associated with smaller effects
of both orthographic neighborhood size and phonological
neighborhood size.

For pseudoword spelling, model building considered the
same participant characteristics (L1 writing system, elision
accuracy) and applicable item characteristics (length, number
of orthographic neighbors) that were considered with real
word accuracy so that the results could be directly compared.
The overall effect of L1 writing system was significant,
χ2(df = 3) = 50.97, p < 0.001, as was the main effect of
elision accuracy, β = 2.22, z = 4.36, p < 0.001. In addition,
there were two significant interactions involving comparisons
between the L1 English speakers and the abjad L1 speakers (by
length, β = 3.24, z = 3.45, p < 0.001, and by orthographic
neighborhood size, β = −0.21, z = −2.41, p = 0.02) as well as
two significant interactions involving comparisons between the
L1 English speakers and the morphosyllabic L1 speakers (again
by length, β = 1.97, z = 2.94, p = 0.003, and by orthographic
neighborhood size, β = −0.23, z = −3.67, p < 0.001). Thus, the
final models of pseudoword spelling accuracy again considered
L1 English speakers and the ESL speakers separately, and L2
English proficiency was added as a factor for the ESL model.

These final models are given in Table 5; these models
were again selected as the final models because they each
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TABLE 5 | Final linear mixed effects models predicting pseudoword spelling accuracy in L1 English speakers and ESL speakers.

L1 English speakers ESL speakers

β SE z β SE z

Intercept −0.81 0.43 −1.88‡
−2.39 2.90 −0.83

Fixed effects

Abjad L1a 12.73 4.76 2.67**

Morphosyllabic L1a 7.23 3.49 −2.07*

Higher proficiencyb 1.00 0.42 2.39*

Elision accuracy 1.99 0.50 3.95*** 1.11 1.04 1.07

Length 0.12 0.65 0.85

Orthographic neighborhood −0.05 0.07 −0.73

Abjad L1a*Length 2.97 1.06 2.82**

Morphosyllabic L1a*Length 1.53 0.78 1.96*

Abjad L1a*Orthographic Neighborhood −0.17 0.10 −1.81‡

Morphosyllabic L1a*Orthographic Neighborhood −0.20 0.07 −2.67**

Variance Component SD Variance Component SD

Random effects

Participants Intercept 0.004 0.06 0.41 0.64

Items Intercept 0.40 0.64 0.77 0.88

aAlphabetic L1 is the reference group. bLower proficiency is the reference group. ‡p < 0.10; *p < 0.05; **p < 0.01, ***p < 0.001.

had significantly better model fit (determined using the log-
likelihood ratio test and AIC values) than alternative models
that included non-significant predictors. For L1 English speakers,
there was only one significant predictor: elision accuracy. As
with real word spelling, participants with higher phonological
awareness had higher pseudoword spelling accuracy. Also
similar to the results for real word spelling, there were
several factors that significantly impacted pseudoword spelling
accuracy for the ESL speakers. The overall effect of L1
writing system was not significant, χ2(df = 2) = 2.91,
p = 0.23 (though it was again maintained in the model due
to significant interactions with other variables). There was
also a significant effect of proficiency, such that participants
with higher L2 English proficiency had significantly higher
pseudoword spelling accuracy than participants with lower L2
English proficiency.

There were two significant interactions that qualified
these overall effects: between L1 writing system and length,
χ2(df = 2) = 12.09, p = 0.002; and between L1 writing system
and orthographic neighborhood size, χ2(df = 2) = 9.58, p = 0.01.
Follow-up analyses within each L1 writing system group were
used to examine these interactions further. For the alphabetic
L1 participants, neither the effect of length (β = 0.002, z = 0.002,
p > 0.99) nor the effect of orthographic neighborhood size
(β = −0.05, z = −0.65, p = 0.52) were significant. However,
within this alphabetic L1 model, the effect of proficiency was
significant, β = 1.50, z = 1.98, p = 0.048, with higher pseudoword
spelling accuracy among higher proficiency participants. For
the abjad L1 participants, the effect of length was significant
(β = 2.77, z = 2.33, p = 0.02), with longer pseudowords being
spelled more accurately than shorter pseudowords. The effect
of orthographic neighborhood size was marginally significant

(β = −0.18, z = −1.71, p = 0.09), with larger orthographic
neighborhoods associated with somewhat lower pseudoword
spelling accuracy, but the effect of proficiency was not significant
and was dropped from the final abjad L1 model. Finally, for
the morphosyllabic L1 participants, the effect of length was
significant (β = 1.65, z = 2.03, p = 0.04), again with longer
pseudowords being spelled more accurately than shorter
pseudowords. The effect of orthographic neighborhood size
was also significant (β = −0.24, z = −3.02, p = 0.002), again
with larger orthographic neighborhoods associated with
lower pseudoword spelling accuracy, though the effect of
proficiency was not significant and also dropped from the final
morphosyllabic L1 model.

Error Analyses
Following the quantitative analysis of overall (strict) accuracy
described above, a more in-depth investigation into the types
and quantities of spelling errors committed by participants was
conducted. First, the spelling of each grapheme in each item
was examined to determine whether it was correct or incorrect.
Generally following Masterson and Apel (2010), graphemes
were defined as the letter or sequence of letters representing
each spoken phoneme in the target items. For example, dress
was divided into the following graphemes corresponding to
phonemes: d| r| e| ss; separate was divided into s| e| p| a|
r| aCe| t (with aCe representing the non-linear sequence of
vowel + consonant + < e > indicating long vowel); and
knowledge was divided into kn| ow| l| e| dge.

Incorrect spellings of graphemes were further categorized
in terms of whether the particular sound was misspelled or
missing or whether additional sounds were represented in
the spelling that were not present in the dictated word. More

Frontiers in Psychology | www.frontiersin.org 10 July 2020 | Volume 11 | Article 1309

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-01309 June 30, 2020 Time: 20:52 # 11

Martin et al. ESL Word and Pseudoword Spellings

specifically, the categories were as follows (with examples
drawn directly from the data): incorrect consonant grapheme
(the wrong letter(s) representing a consonant phoneme in the
word, e.g., < napcen > for napkin); incorrect vowel grapheme
(the wrong letter(s) representing a vowel phoneme in the
word, e.g., < seperate > for separate); missing consonant
grapheme (no letter(s) present to represent a consonant
phoneme in the word, e.g., < resonsible > for responsible);
missing vowel grapheme (no letter(s) present to represent
a vowel phoneme in the word, e.g., < decsion > for
decision); extra consonant grapheme (additional letter(s)
representing a consonant phoneme not present in the word,
e.g., < grownd > for grown); or extra vowel grapheme (additional
letter(s) representing a vowel phoneme not present in the word,
e.g., < recoganize > for recognize). Inter-rater reliability was
initially 91% for real words and 63% for pseudowords; items
for which there was disagreement were resolved through
discussion among coders.

Similar to the main analyses examining overall accuracy,
linear mixed effects analyses were used, this time to examine
the rate of errors per item (rather than strict accuracy) as
a function of L1 background, L2 English proficiency, and
phonological awareness. The average number of errors per item
of different types are given in Table 6; errors per item was
used as the dependent variable in order to make error rates
comparable between real words and pseudowords, given the
different number of each type of item (34 real words versus
16 pseudowords).

Errors to Real Words Versus Pseudowords
The first error analysis examined the errors made to real
words versus pseudowords (lexicality). The effect of lexicality
was significant β = −0.36, t = 4.40, p < 0.001, with
significantly fewer errors made to real words than pseudowords.
The overall effect of L1 writing system was also significant,
χ2(df = 3) = 34.50, p < 0.001, as was the effect of
phonological awareness, β = −0.44, t = −3.17, p = 0.002, with
higher phonological awareness associated with fewer errors.
The interaction between L1 writing system and item type
was also significant, χ2(df = 3) = 9.66, p = 0.02. Thus, L1
English speakers and ESL speakers were further examined
separately, with L2 English proficiency also added as a factor
for the ESL model.

For the L1 English speakers, the effect of phonological
awareness was significant, β = −54, t = −0.19, p < 0.001, with
higher phonological awareness associated with fewer errors. The
effect of lexicality was also significant, with fewer errors made to
real words than pseudowords, β = −0.61, t = 4.07, p < 0.001. The
interaction between phonological awareness and lexicality was
only marginally significant, β = 0.31, t = 1.70, p = 0.096; the trend
was such that the effect of phonological awareness was slightly
stronger for real words than it was for pseudowords.

For the ESL speakers, the overall effect of L1 writing
system was not significant, χ2(df = 2) = 3.28, p = 0.19. In
addition, the effect of proficiency was not significant, β = −0.03,
t = −0.30, p = 0.77. However, the effect of lexicality was
significant, β = −0.74, t = −6.59, p < 0.001, with fewer

errors made to real words than to pseudowords. The interaction
between lexicality and proficiency was also significant, β = 0.49,
t = 3.55, p < 0.001, with more errors made to real words
than pseudowords among lower proficiency speakers, but more
errors made to pseudowords than to real words among higher
proficiency speakers.

Errors Involving Consonants Versus Vowels
For the second error analysis, the incorrect, missing, and
additional consonant errors and vowel errors were summed
together by phoneme type to calculate the total number of
consonant-related errors and vowel-related errors for each
participant. These were then examined across L1 groups and
L2 English proficiency to determine whether there were any
differential accuracies by segment type (consonant versus vowel
sounds), as has been demonstrated in previous research with
abjad L1 speakers (e.g., Fender, 2008; Saigh and Schmitt, 2012;
Martin, 2017).

There was a significant overall effect of L1 writing system,
χ2(df = 3) = 27.58, p < 0.001. The main effect of lexicality
was not significant, β = 0.10, t = 1.42, p = 0.16, though the
main effect of segment type was marginally significant, β = 0.05,
t = 1.66, p = 0.099, with a slight trend toward more vowel
errors than consonant errors. However, these main effects were
qualified by a number of significant interactions, including
between L1 writing system and lexicality, χ2(df = 3) = 18.38,
p < 0.001 and between L1 writing system and segment type,
χ2(df = 3) = 15.44, p = 0.001. Due to these significant interactions
with L1 writing system, as with previous analyses, the L1
English speakers and ESL speakers were examined in more
detail separately.

For the L1 English speakers, only phonological awareness and
lexicality were significant predictors: phonological awareness,
β = −0.12, t = −3.08, p = 0.01; lexicality, β = −0.15, t = −9.30,
p < 0.001. Specifically, higher phonological awareness and
real words were associated with fewer errors than were lower
phonological awareness and pseudowords. Notably, the effect of
segment type was not significant.

For the ESL speakers, the overall effect of L1 writing system
was again significant, χ2(df = 2) = 7.26, p = 0.03. However,
a number of main effects were not significant: proficiency,
β = −0.02, t = −0.33, p = 0.75; phonological awareness, β = 0.07,
t = 0.52, p = 0.60; lexicality, β = 0.01, t = 0.10, p = 0.92; and
segment type, β = 0.04, t = 1.11, p = 0.27. Importantly, these
main effects were qualified by a significant interaction between L1
writing system and segment type, χ2(df = 2) = 14.44, p < 0.001.
Thus, each L1 writing system group was examined separately.

For alphabetic L1 speakers, most main effects were not
significant: proficiency, β = −0.05, t = −0.53, p = 0.60;
phonological awareness, β = 0.04, t = 0.23, p = 0.82; and
lexicality, β = −0.04, t = −0.40, p = 0.69. The main effect of
segment type was marginally significant, β = 0.11, t = 1.97,
p = 0.05, with somewhat more errors made involving vowels
than consonants. However, there were a number of significant
interactions among these variables. Proficiency interacted with
lexicality, β = 0.20, t = 2.63, p = 0.01, such that there was no
lexicality effect in higher proficiency participants, but there were

Frontiers in Psychology | www.frontiersin.org 11 July 2020 | Volume 11 | Article 1309

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-01309 June 30, 2020 Time: 20:52 # 12

Martin et al. ESL Word and Pseudoword Spellings

TABLE 6 | Error analyses - mean error rates (per item) to different item types (real words, pseudowords) and segment types (vowels, consonants) by L1 background and
ESL proficiency level.

Real words Pseudowords Vowels Consonants

L1 English 0.07 (0.09) 0.43 (0.22) 0.12 (0.12) 0.10 (0.11)

Alphabetic L1 0.59 (0.37) 0.87 (0.31) 0.23 (0.18) 0.24 (0.19)

Higher proficiency 0.21 (0.21) 0.93 (0.33) 0.28 (0.25) 0.16 (0.16)

Lower proficiency 0.68 (0.35) 0.86 (0.31) 0.22 (0.16) 0.26 (0.20)

Abjad L1 0.66 (0.68) 1.06 (0.23) 0.45 (0.28) 0.29 (0.22)

Higher proficiency 0.30 (0.10) 0.94 (< 0.001) 0.32 (0.18) 0.18 (0.11)

Lower proficiency 0.81 (0.77) 1.11 (0.26) 0.51 (0.30) 0.33 (0.24)

Morphosyllabic L1 0.41 (0.40) 1.12 (0.28) 0.38 (0.27) 0.23 (0.20)

Higher proficiency 0.25 (0.28) 1.03 (0.30) 0.32 (0.25) 0.20 (0.18)

Lower proficiency 0.66 (0.46) 1.24 (0.21) 0.46 (0.28) 0.29 (0.23)

Standard deviations are given in parentheses. Error rates per item were calculated by summing the total number of errors to real words or to pseudowords, and the
total number of errors involving vowels or involving consonants, and dividing this total by the number of items of that type (total number of real words, total number of
pseudowords, or total number of items overall).

more errors per item to real words than to pseudowords in
lower proficiency participants. Proficiency also interacted with
segment type, β = −0.15, t = −2.39, p = 0.02, such that higher
proficiency participants made somewhat more errors involving
vowels than consonants, but there was essentially no difference
in lower proficiency participants. Lastly, phonological awareness
interacted with lexicality, β = −0.35, t = −2.55, p = 0.01, such that
phonological awareness was not related to the error rate among
pseudowords, but higher phonological awareness was associated
with a lower error rate among real words.

For abjad L1 speakers, the effect of lexicality was marginally
significant, β = −0.13, t = −1.88, p = 0.08, with a lower
error rate among real words than pseudowords. The effects
of proficiency and phonological awareness were not significant
and thus removed from the final model. However, the effect of
segment type was significant, β = 0.16, t = 2.45, p = 0.02: abjad
L1 speakers made significantly more errors involving vowels
than consonants.

For morphosyllabic L1 speakers, the effect of lexicality was
significant, β = −0.17, t = −2.66, p = 0.01, with a lower error
rate among real words than pseudowords. The main effect of
segment type was also significant, β = 0.24, t = 3.72, p < 0.001,
with more errors involving vowels than consonants. As with the
abjad L1 speakers, the effects of proficiency and phonological
awareness were not significant and thus removed from the final
model. However, the interaction between lexicality and segment
type was also significant, β = −0.18, t = −2.05, p = 0.047; there
were substantially more errors involving vowels than consonants
among pseudoword items, but this difference was minimal
among real words.

Summary of Results
The correlations among real word spelling accuracy, pseudoword
spelling accuracy, and phonological awareness accuracy showed
different patterns in each L1 group. For the L1 English speakers,
all three tasks were significantly positively correlated with one
another, whereas for the morphosyllabic L1 speakers, there
were no significant correlations among these three tasks. The
alphabetic and abjad L1 speakers fell somewhere in the middle:

phonological awareness accuracy was significantly correlated
with real word spelling accuracy for the alphabetic L1 speakers
and was significantly correlated with pseudoword spelling
accuracy for the abjad L1 speakers, though these were the only
significant correlations in these groups.

Regarding spelling accuracy, the native speaker comparison
group (L1 English speakers) had substantially higher real
word and pseudoword spelling accuracy than the three ESL
groups. Interestingly, the L1 English speakers had relatively few
predictors of spelling accuracy: only phonological awareness (for
both real words and pseudowords) and length (real words only).
No other lexical characteristics influenced L1 English speaker
spelling accuracy.

The picture was much more complex among the ESL
participants. L2 English proficiency was consistently related to
both real word and pseudoword spelling accuracy, such that
spelling accuracy increased along with increasing L2 proficiency.
Similarly, higher phonological awareness scores were associated
with higher real word spelling accuracy in the alphabetic and
morphosyllabic L1 speakers, but the opposite pattern was found
for the abjad L1 speakers: higher phonological awareness was
associated with lower real word spelling accuracy. In contrast,
higher phonological awareness scores were associated with
higher pseudoword spelling accuracy across L1 groups. Lexical
characteristics also influenced ESL spelling accuracy: higher
phonological awareness scores were associated with larger effects
of orthographic and phonological neighborhood size in real
words, whereas higher word frequency was associated with
smaller effects of orthographic and phonological neighborhood
size in real words. Among pseudowords, the abjad and
morphosyllabic L1 speakers had more accurate pseudoword
spelling for longer pseudowords and for those with smaller
orthographic neighborhoods.

Considering the phonological awareness scores themselves,
the L1 English speakers had higher accuracy than all ESL groups
on the elision task. Among the ESL participants phonological
awareness accuracy increased along with higher L2 English
proficiency across L1s. However, the alphabetic L1 speakers
were significantly less accurate in their elision performance than
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the abjad and morphosyllabic L1 speakers, who did not differ
from one another.

Finally, the L1 English speakers and ESL speakers also
showed different patterns regarding the rates at which they made
specific types of spelling errors. Among L1 English speakers, the
only two patterns that emerged were that higher phonological
awareness was related to a significantly lower error rate, and
that the error rate was lower to real words than pseudowords.
Once again, the pattern of results was more complex when
considering the ESL speakers. Considering error rates to real
words versus pseudowords, there was no overall effect of L1
writing system or L2 English proficiency level, but there was an
unexpected interaction between lexicality and proficiency, such
that lower proficiency ESL speakers had a higher error rate to
real words than pseudowords, whereas higher proficiency ESL
speakers had a higher error rate to pseudowords than real words.
Considering error rates involving vowels versus consonants,
there was a general tendency for a higher error rate to vowels
than consonants. This was found among higher proficiency
alphabetic L1 speakers, with pseudowords in morphosyllabic
L1 speakers, and in abjad L1 speakers regardless of proficiency
level or item type.

DISCUSSION

The current study examined real word and pseudoword spelling
accuracy in adult learners of ESL from a variety of L1
backgrounds. To facilitate cross-linguistic comparisons, these
ESL speakers were grouped by L1 writing system: alphabetic
L1s, abjad L1s, and morphosyllabic L1s. Participants also
completed the Elision subtest from the CTOPP to measure their
phonological awareness. Analyses focused on the relationships
among real word and pseudoword spelling and phonological
awareness skills, detailed analyses of the types of errors made by
participants, and the variations in these patterns across L1 groups.

As a whole, the results were largely consistent with the
findings from previous research on ESL spelling abilities. The
comparison group of L1 English speakers consistently had
higher spelling accuracy (for both real words and pseudowords),
fewer errors per item, and higher phonological awareness
accuracy than all three ESL groups. Considering the three
ESL groups, previous research has generally found that ESL
speakers from a morphosyllabic L1 typically have relatively strong
real word spelling skills, particularly for irregular/exception
words, but have substantial difficulties reading and spelling
pseudowords, whereas ESL speakers from an alphabetic L1
typically have stronger phonological skills and rely on them for
word reading and spelling, resulting in a substantial number of
overregularization errors (e.g., Wang and Geva, 2003b; Wang
et al., 2003; Wang and Koda, 2007; Hamada and Koda, 2008;
Leong, 2011). The results from the current study are partially
consistent with these previous findings. Among the ESL groups,
the morphosyllabic L1 group did have the highest real word
spelling accuracy (77%), and very low pseudoword spelling
accuracy (18%). In comparison, the alphabetic L1 speakers had
the lowest real word spelling ability (60%), though they also had

the lowest pseudoword spelling accuracy (13%) and phonological
awareness accuracy (36%).

Given the relatively strong phonological skills that are typically
found in learners with an alphabetic L1, it may initially seem
surprising that the alphabetic L1 speakers in this study had
such low pseudoword spelling and phonological awareness
performance. However, there are a number of factors that can
help explain this result. First, as discussed further below, the
distribution of participants with different L1 writing systems was
not even across proficiency levels, and there were more alphabetic
L1 speakers at the lowest levels of proficiency (A1, A2) than
in the other ESL groups. Given that spelling accuracy was also
significantly related to L2 English proficiency, it is likely that
the overall lower proficiency level of the alphabetic L1 speakers
contributed to their lower raw scores. This interpretation is
supported by the fact that, when L2 English proficiency was
considered, the differences among the ESL groups were much
smaller and real word spelling accuracy did not differ between
the alphabetic and morphosyllabic L1 speakers.

Another contributing factor is likely the nature of
phonological skill development in L1 Spanish (by far the
largest L1 group among the alphabetic L1 speakers). Due in
part to the highly consistent nature of the Spanish orthography,
fine-grained phonological awareness skills (e.g., below the
syllable level) are not needed for Spanish literacy and thus
may not develop readily (e.g., Anthony et al., 2003, 2011).
In addition, previous research has shown that readers of a
consistent L1 orthography, such as Spanish, may transfer this
expectation of consistency to their L2 (Haggan, 1993; Sun-
Alperin and Wang, 2008; see also Branum-Martin et al., 2012).
This expectation can hamper such individuals’ ability to adjust to
the highly inconsistent nature of English, resulting in lower word
recognition and spelling skills than may otherwise be expected –
as was found in the current study.

It must also be noted that, although the alphabetic L1 speakers
had low strict spelling accuracy, a different picture emerges
if error rates per item are considered. In word spelling, the
alphabetic L1 speakers frequently had low overall rates of errors
per word, particularly on pseudowords. Thus, although their
spellings may not have been accurate in terms of strict coding,
the spellings produced by the alphabetic L1 speakers were
relatively more target-like than those produced by the other ESL
groups. This finding also highlights another important point: the
conclusion that is reached from research results may be heavily
dependent on the format of the task (e.g., Anthony et al., 2003,
2011), the types of items included (e.g., McBride-Chang, 1995;
Juffs and Martin, 2014), and the way that responses are scored
(e.g., Masterson and Apel, 2010; Clemens et al., 2014). Given the
increasing recognition that the same tasks and items that have
been developed for L1 research are not necessarily valid for ESL
users and adult readers (Greenberg et al., 1997, 2002, 2009; Grant
et al., 2012; Pae et al., 2012; Nanda et al., 2014), directly examining
the influence of different scoring approaches will be critical for L2
literacy research going forward.

Examination of the results for error rates also highlights
another initially unexpected pattern in the findings: a higher
error rate to real words than to pseudowords, particularly
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in lower proficiency learners. Given that real words may be
known, but pseudowords by definition are unknown, it might
be expected that spellings, regardless of scoring approach, would
be more accurate for real words than pseudowords. However, a
closer examination of the characteristics of English words and
pseudowords themselves helps illustrate why this may not always
be the case. English spelling is notoriously opaque (Ziegler and
Goswami, 2005; Share, 2008; Frost, 2012), meaning that real
words naturally have wide variability in their consistency (see
also Ziegler et al., 1997), and multimorphemic words in particular
may have spellings that differ noticeably from expectations based
on phoneme-grapheme correspondences alone (Helman et al.,
2012; Bear et al., 2019). On the other hand, pseudowords may
vary in the consistency of their component graphemes, but by
the nature of their being pronounceable pseudowords, follow
patterns that are already attested elsewhere in English. Thus,
real words – including the multisyllabic and derived words
used in the current study – may actually appear less consistent
than pseudowords. If these items are not well-known words
for participants (as may be the case for those with lower
levels of proficiency), they are likely to be more difficult to
spell and to result in an increased error rate. However, with
increased proficiency (and increased vocabulary knowledge),
this effect should diminish or disappear – as is attested in
the current data.

The differential relationships between spelling and
phonological skills found in the current study are also consistent
with previous research. In the L1 English speakers, both real
word and pseudoword spelling accuracy were significantly
related to phonological awareness skills. This is consistent
with the continuing importance of phonological skills for
literacy in the opaque English orthography, compared to
other languages in which the importance of phonological
awareness decreases rapidly with increasing reading proficiency
(e.g., Ziegler and Goswami, 2005). Consistent with previous
findings that alphabetic L1 speakers rely relatively more
on phonological skills for spelling and that non-alphabetic
L1 speakers rely on phonological skills relatively less (e.g.,
Holm and Dodd, 1996; Wade-Woolley, 1999; McBride-Chang
et al., 2004; Mayer et al., 2007), the alphabetic L1 speakers
from this study showed a significant relationship between
real word spelling accuracy and phonological awareness.
In contrast, the abjad L1 speakers did not show a significant
association between real word spelling accuracy and phonological
awareness, and the morphosyllabic L1 speakers did not show
any significant correlations between spelling accuracy and
phonological awareness.

Examining the varying relationships between spelling and
phonological skills is also an area where additional research
with a larger number of participants at both lower and higher
proficiency levels would be beneficial. In the current results
there was an unexpected finding of a negative beta weight for
elision accuracy as a predictor of real word spelling accuracy
among the abjad L1 speakers, in contrast to the positive beta
weights for the alphabetic and morphosyllabic L1 speakers.
Based on a reviewer recommendation, we examined whether
proficiency was a significant predictor of elision accuracy,

and whether this relationship was different among the ESL
groups. This is in fact what we found: there was a significant
positive relationship between proficiency and elision accuracy
for the alphabetic L1 (β = 2.22, z = 3.32, p = 0.001) and
morphosyllabic L1 speakers (β = 1.20, z = 2.28, p = 0.02)
but not for the abjad L1 speakers (β = 0.87, z = 0.91,
p = 0.37). Thus, larger and more detailed datasets would be
beneficial in future research to more directly explore these
interactions and what they can tell us about L1 differences in
literacy skills.

The results from the current study do provide new data
to contribute to an unresolved issue in L2 spelling research:
whether (L1-specific) errors decrease with increasing L2
proficiency, or whether they persist over continued L2
development. Some previous studies have found that such
errors do decrease with increasing L2 proficiency (e.g., Fashola
et al., 1996; Wang and Geva, 2003a), whereas others have
found that spelling errors persist across grades (e.g., Zutell
and Allen, 1988; Allaith and Joshi, 2011). The results from
this study indicated a strong relationship between L2 English
proficiency and spelling accuracy, measured via both strict
accuracy and error rates per item. Further, after controlling
for proficiency, L1 writing system differences persisted,
considering both real word and pseudoword strict spelling
accuracy and error rates. Thus, this study provides evidence
for the continued influence of L1 literacy experiences on
L2 (English) literacy skills across the development of L2
(English) proficiency.

Another question addressed by the current study was whether
there would be significant L1 differences in accuracy spelling
consonant versus vowel phonemes, as has been found for
both L1 Arabic and L1 Hebrew speakers in prior research
(e.g., Fender, 2008; Saigh and Schmitt, 2012; Martin, 2017).
Broadly, this finding was confirmed: the error rate involving
vowels was significantly higher than the error rate involving
consonants, and this pattern was most widespread among the
abjad L1 speakers. The alphabetic L1 speakers showed this
pattern, but only among higher proficiency learners, whereas
the morphosyllabic L1 speakers showed this pattern, but
only with pseudowords. In contrast, the abjad L1 speakers
showed a significantly higher error rate involving vowels,
regardless of proficiency level or item type. Thus, the results
of the current study confirm this pattern from previous
research, and also show that other L1 groups may experience
similar difficulties in at least some conditions (see also
Martin, 2017).

Although this study makes important contributions toward
our understanding of adult ESL spelling abilities, there are still a
number of limitations that must be acknowledged. First, although
data were collected from a wide range of L2 English proficiency
levels and three representative L1 writing systems, there were
relatively small sample sizes in some combinations of L2 English
proficiency and L1 writing system. In addition, the number of
participants from each L1 writing system was not consistent
across all levels of proficiency, with somewhat more alphabetic
L1 speakers at lower levels of proficiency compared to the abjad
L1 and morphosyllabic L1 groups. Future research would benefit
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from a larger sample size, including targeted recruitment of a
balanced sample of participants across L1 writing systems and
proficiency levels; this was unfortunately not possible given the
current context of data collection. Such research will be useful for
confirming the specific findings from this study.

Another improvement that could be made by future research
would be to include a wider variety of target items, both real
words and pseudowords, and to specifically consider lexical
characteristics during item selection. The items chosen for the
current study were based on items previously used successfully in
published research on ESL spelling abilities, but were not chosen
with regard to their frequency, orthographic neighborhood size,
or phonological neighborhood size. However, modeling the
results for spelling accuracy suggested that these three lexical
characteristics in particular may influence ESL spelling abilities,
and are thus deserving of dedicated attention in future research.

A strength of the current study was the use of a dictation
task to assess spelling ability. Although this type of assessment
is common in L1- and child-focused literacy research, it is
much lesson common in adult L2 research, and using it in
this study eliminated the influence of learner avoidance found
in studies of spelling errors from naturalistic writing samples
(Allaith and Joshi, 2011). However, the words were not selected
to target specific (or representative) phonemes, as has been
done in some previous research (e.g., Wang and Geva, 2003a,b;
Allaith and Joshi, 2011; Saigh and Schmitt, 2012). Thus, the
particular difficulties that learners had may have been somewhat
an artifact of the particular items that were included, and
thus not fully representative of overall spelling abilities. A final
limitation that we would like to highlight is the challenge of
using standardized assessments, such as the Elision task from
the CTOPP, with L2 speaker populations (see also Greenberg
et al., 2009; Pae et al., 2012; Nanda et al., 2014; Winke et al.,
2018). For example, when coding spoken responses to such
assessments, it can be challenging to determine accuracy while
accounting for L2 accents in a consistent – and fair – way. As
the substantial difference between L1 alphabetic speakers’ spelling
performance – measured via strict spelling accuracy versus error
rates per item – demonstrates, issues of test validity and scoring
reliability need to be more widely examined in L2 research.

CONCLUSION

Although spelling is a critical literacy skill it has received
relatively little attention, especially in the domain of cross-
linguistic L2 literacy research. The current study sought to
address a number of gaps left by existing research, by focusing
on adult ESL users (rather than children), considering not only
real word spelling ability but also pseudoword spelling ability
and phonological awareness, and using the same materials and
procedure with participants from a variety of L1 backgrounds
(thus facilitating cross-linguistic comparisons). In many ways the
results were consistent with previous research, demonstrating
relatively high (real word) spelling accuracy yet somewhat weak
phonological skills in morphosyllabic L1 speakers; more reliance
on phonological skills in alphabetic L1 speakers; and significantly

more errors involving vowels than consonants in abjad L1
speakers. However, there were also some unexpected patterns
in the results, particularly the relatively low spelling accuracy
and phonological awareness performance by the alphabetic L1
speakers. To some degree, these unexpected findings can be
accounted for when considering another way to analyze the data:
in terms of error rates, rather than strict accuracy. This highlights
perhaps the most important individual finding from the study:
the substantially different patterns of results, and conclusions,
that may be reached when the data are scored differently. The
field of L2 literacy research has much important work to do to
document such variations and establish best practices for task
choice, item selection, and particularly scoring procedures to
improve reliability and validity.
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