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Abstract 

 
A collection of cognitive, linguistic, and spelling measures were administered to third-
grade English L1 and L2 learners. To capture formative assessments of children’s 
developing mental graphemic representations (MGRs), spelling errors in isolation were 
subjected to analysis across three metrics: (1) Phonological constrained; (2) Visual-
Orthographic; and (3) Correct Letter Sequences.  There were no group differences on the 
cognitive or spelling accuracy measures, but L1 learners achieved higher scores than L2 on 
linguistic measures of vocabulary and syntactic knowledge. Analyses across the spelling 
metrics indicated that both L1 and L2 learners drew more heavily on their knowledge of 
graphophonemic rules and positional constraints in pronunciation for spelling. However, 
the contribution of underlying cognitive and linguistic resources to spelling differed as a 
function of scoring system and language group. Across spelling metrics, linguistic 
predictors (vocabulary and syntactic knowledge) accounted for more variance in L1 than 
L2 learners. The results are discussed in relation to conceptualization of spelling as an 
integral link between oral and written language in literacy development. 
 

Résumé 
 

Une série de mesures cognitives, linguistiques et orthographiques ont été administrées à 
des élèves de troisième année qui étaient des monolingues anglais (L1) ou des apprenants 
de langue anglaise (L2). Afin de procéder à des évaluations formatives du développement 
des représentations graphémiques mentales (RGM) des enfants, les erreurs orthographiques 
isolées ont été analysées selon trois métriques : (1) contraintes phonologiques ; (2) 
visuelle-orthographique ; et (3) séquences de lettres correctes. Il n'y avait pas de 
différences entre les groupes concernant les mesures cognitives ainsi que les mesures de 
précision orthographique, mais les apprenants L1 ont obtenu des scores plus élevés que les 
L2 dans les mesures linguistiques du vocabulaire et des connaissances syntaxiques. Des 
analyses des métriques d'orthographe ont indiqué que les apprenants L1 et L2 s'appuyaient 
davantage sur leur connaissance des règles graphophonémiques et des contraintes 
positionnelles de la prononciation pour l'orthographe. Cependant, la contribution de 
ressources sous-jacentes cognitives et linguistiques à l’orthographe différait en fonction du 
système de notation et du groupe linguistique. Parmi toutes les métriques d’orthographe, 
les prédicteurs linguistiques (vocabulaire et connaissances syntaxiques) représentaient plus 
de variance chez les apprenants de L1 que chez les L2. Les résultats sont discutés en 
relation avec la conceptualisation de l'orthographe en tant que lien intégral entre le langage 
oral et écrit chez le développement de l'alphabétisation. 
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Error Analyses and the Cognitive or Linguistic Influences on Children’s Spelling: 
Comparisons between First- and Second-Language Learners 

 
Spelling has been aptly described as a skill that binds language and literacy together 

in cognitive development with mental graphemic representations (MGRs) considered the 
stored lexical or sublexical representations of spoken words (Apel & Masterson, 2001). 
The complex interplay between language and literacy in learning to spell is captured in 
influential accounts of spelling development. These accounts stress the integration of a 
word’s unique pronunciation, orthography, and meaning (i.e., vocabulary and morphology) 
at the lexical and sublexical levels as instrumental in constructing the mental lexicon 
necessary for literacy (e.g., Bahr et al., 2009; Ehri, 1987; Treiman, 2017). In alphabetic 
orthographies, children’s spellings move through several developmental stages marked by 
a growing sophistication in first capturing letter-sound connections, progressing in later 
stages to accurate visual-orthographic, and morphological conventions (Bourassa & 
Treiman, 2001; Ehri, 1992; Moats, 1995). This development is thought to occur recursively 
rather than linearly as “overlapping waves” based on children’s exposure to increasingly 
more sophisticated print and their differential use of phonological, orthographic, semantic, 
and morphological strategies at any given time (Rittle-Johnson & Siegler, 1999; 
Varnhagen et al., 1997). Examining children’s spelling errors has provided unique insight 
into these developmental patterns in monolinguals (L1), with a growing research interest in 
analyses of spelling errors in children becoming both orally proficient and literate in 
another language. Children’s spelling errors, when examined across multiple dimensions 
(e.g., phonological, orthographic, morphological, etc.), provide a dynamic marker of the 
construction of MGRs and can elucidate particular strategies they may be drawing on to 
spell (Hong & Chen, 2011). These strategies may be different between first language (L1) 
and second language (L2) learners. Investigating these patterns in L1 and L2 learners is a 
valuable methodology in studying children’s spelling development in the L2, beyond what 
can be gleaned from only examining changes in spelling accuracy over time. Thus, one of 
the aims of the current study was to compare the construction of MGRs across English L1 
and L2 third-graders through a multidimensional analysis of their spelling errors.  
 
Oral Language and Spelling 
 

L1 and L2 oral language skills, such as vocabulary and syntactic knowledge, figure 
prominently in conceptualizations of spelling. Children’s oral vocabularies signify their 
store of word knowledge and facilitate the integration of a word’s phonological and 
orthographic features in the mental lexicon for fluent retrieval (Ehri, 1992). Likewise, a 
rich store of semantic knowledge is particularly important when spelling homophones (i.e., 
words that sound the same but have different meanings) (e.g., pair/pear; Apel et al., 2004). 
The interconnectedness of vocabulary and spelling is also apparent from research 
suggesting that the most effective vocabulary interventions for young English second 
language (L2) learners include instructional conditions where new vocabulary words are 
practiced aloud and by writing their spellings (e.g., Vadasy & Sanders, 2016). Oral 
syntactic knowledge represents children’s facility with structural conventions in oral 
discourse at the sentence level and becomes more important to spelling later on in 
development as their lexicons expand. At this time, a more complex understanding of 
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morphosyntactic conventions in spelling supersedes children’s basic knowledge of 
graphophonemic correspondence (GPC; Scott, 2004). Indeed, with increased exposure and 
practice, children’s MGRs become more salient, optimizing spelling accuracy and fluency 
(Apel & Masterson, 2001). This view is also consistent with Trieman’s (2017) Integration 
of Multiple Patterns (IMP) framework where learning to spell is considered dependent on a 
convergence of different patterns amongst “context-free” phoneme to letter associations 
with “context-sensitive” linguistic and orthographic patterns across phonology, 
morphology, and graphotactics (orthographic-specific permissible patterns, such as /qu/ in 
English). According to this view, children learn to spell through statistical learning based 
on their exposure and practice with word spellings and more readily acquire spellings 
where these multiple patterns converge than when they conflict. As Treiman suggests, this 
framework confers a more prominent role to “non-phonological knowledge” as children 
become more sophisticated spellers and that writing’s inner function extends beyond 
phonology to other linguistic structures. Thus, measures of English oral vocabulary and 
syntactic knowledge in addition to phonological awareness (PA) were included as 
dependent variables in the present study. Aligning with the IMP, a key question is the 
extent to which these oral language variables may influence children’s spelling 
development (as captured by their spelling errors), and whether the pattern of integration 
between L1 and L2 learners is similar. 

 
Predictors of Spelling Development in English L1 and L2 
 

To date, comparative longitudinal and cross-sectional research suggests parallels 
between English L1 and L2 children’s trajectory of spelling development, based on 
measures of spelling accuracy (August & Shanahan, 2006) and in the cognitive and 
linguistic processes underpinning spelling, despite persistent lags in L2 oral proficiency 
(see Geva, 2006 for a review; Harrison et al., 2016; Jongejan et al, 2007; Keilty & 
Harrison, 2015). Children’s L2 spelling skills are most strongly predicted by their PA skills 
in the L2 and their GPC knowledge in English as measured by word reading and 
pseudoword decoding tasks (Chiappe & Siegel, 1999; Chiappe et al., 2002; Wade-Woolley 
& Siegel, 1997). Spelling accuracy is also associated with rapid automatized naming 
(RAN), verbal working memory, and syntactic knowledge in L1 and L2 learners (Siegel, 
2002), but the relative contribution of each of these processes to spelling has been found in 
some studies to vary between language groups. RAN is thought to capture the quality of 
fully-specified orthographic representations in spelling (Savage et al., 2008).While its 
association with spelling has been found to be stronger in beginning rather than advanced 
spellers (e.g., Niolaki et al., 2020), it has been found to account for more variance in 
younger and older children’s reading and spelling accuracy in English (due to its opacity) 
than in other orthographies such as French, German, Hungarian, and Finnish (e.g., Moll et 
al., 2014). Far fewer studies have been conducted on the RAN-spelling than the RAN-
reading connection, however, especially in young L2 learners. Verbal working memory 
reflects a system of short-term storage and processing activated during spelling as children 
hold and manipulate the sublexical and lexical units of spoken words to produce accurate 
spellings (Engel de Abreu & Gathercole, 2012). In a cross-sectional study with L1 and L2 
children in lower (first and second) and upper (third and fourth grades) grades, Jongejan, et 
al. (2007) examined the contribution of PA, RAN, verbal working memory (WM), and 
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syntactic knowledge on children’s spelling, as measured by spelling accuracy in isolation. 
Whereas PA and WM explained 56% of the variance in spelling for L1 children in Grades 
1 to 2, only PA contributed to L2 spelling (but RAN approached significance) accounting 
for 24% of the variance. Additionally, syntactic knowledge and verbal WM accounted for 
significant variance in spelling in L1 children in Grades 3 to 4, accounting for 65% of the 
variance, with syntactic awareness the strongest predictor (explaining 54% of the 
variance). However, PA and RAN explained 40% of the variance in L2 spelling, with PA 
the strongest predictor (explaining 35% of the variance). Thus, PA remains a fairly stable 
predictor of L2 spelling across Grades 1 to 4. Verbal WM is also important to L1 spelling 
in Grades 1 to 4, but oral language exerts a strong influence only in the upper grades, and 
only for L1, but not for L2 learners, despite the fact that both L1 and L2 learners achieve 
similar levels of spelling accuracy. The authors propose that English L2 children are 
drawing on compensatory cognitive and linguistic resources (such PA and RAN) to spell 
up to fourth grade, due to their less well-developed semantic and syntactic knowledge in 
the L2.  

In another similar study that examined predictors of spelling and written expression 
skills in L1 and L2 learners, Harrison et al., (2016) reported comparable levels of spelling 
accuracy in isolation (i.e., spelling to dictation task) and in text (i.e., spelling accuracy in 
written paragraphs) between young L1 and L2 learners despite significant differences in 
oral language proficiency (syntactic knowledge and vocabulary) in favour of L1. Similar to 
Jongejan et als., (2007) study, language groups differed in the relative contribution of 
cognitive and linguistic components to spelling. For L1 learners, PA predicted spelling in 
isolation explaining 37% of the variance, but PA and RAN both contributed to spelling 
accuracy in isolation for L2, together accounting for 33% of the variance (but PA was the 
strongest contributor at 28.5%). Syntactic knowledge and verbal WM did not account for 
any significant variance in either model. For spelling accuracy in children’s written 
paragraphs, PA and RAN were both significant contributors for L1 and L2 learners, (but 
not syntactic knowledge or verbal WM) but explained nearly twice as much variance in the 
accuracy of children’s spelling in text for L1 (28.5%) than for L2 (16.5%) learners. Thus, 
evidence to date suggests that young L2 learners are achieving similar levels of spelling 
proficiency as their L1 peers, but that differences exist in the relative contribution of key 
cognitive and linguistic predictors. Given the important predictive role of certain cognitive 
and linguistic variables to spelling, a second aim of the current study was to see whether 
children’s spelling error patterns were associated with the same cognitive and linguistic 
predictors irrespective of language status. 

 
Spelling Error Analysis  
 

The evidence to date on the cognitive and linguistic predictors of spelling among 
L1 and L2 learners has primarily been based on measures of spelling accuracy yielding 
summative information on already assembled MGRs in the L2. Studies using error 
analyses are limited, and only a handful have examined error patterns in relation to key 
cognitive and linguistic predictors of spelling. As already noted, an analysis of spelling 
errors provides a dynamic indicator of the progression in the formation of MGRs in 
children and further insight into the strategies they may be using to spell. Yeong and 
Rickard Liow (2011) suggested that while error analysis is labour-intensive, it affords 
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several advantages over conventional accuracy only metrics including: (1) sensitivity to 
individual differences; (2) finer-grained analyses of cognitive-linguistic processing among 
linguistically diverse children, and (3) capturing spelling as a multidimensional 
developmental construct. Indeed, spelling error analyses reflect a valuable methodology to 
derive insight about oral-to-written connections at the lexical, sublexical, and supralexical 
levels (Hong & Chen, 2011). Of the studies that have been conducted, cross-linguistic (L1 
influences on L2) comparisons have been prominent (e.g., Bahr et al., 2015; Fashola et al., 
1996; Wang & Geva, 2003) as have comparisons on the use of linguistic conventions such 
as the use of vowels (e.g., Hong & Chen, 2011; Wade-Woolley & Siegel, 1997). Of the 
few studies that have compared developmental error patterns in young L1 and L2 learners, 
findings suggest that like spelling accuracy, English L2 children’s errors also follow a 
similar developmental trajectory as L1 in their progression from a reliance on phonetic 
strategies to a more sophisticated amalgamation of phonetic and visual-orthographic 
approaches in L2 spelling (Geva, 2006). The similarity of developmental error profiles has 
been found concurrently in English L1 and L2 children in kindergarten (e.g., Keilty & 
Harrison, 2015), Grades 1 and 2 (e.g., Wang & Geva, 2003) and longitudinally in Grades 1 
to 2 (e.g., Wang & Geva, 2003). As with spelling accuracy, young children’s facility with 
English PA is also the strongest predictor of their levels of spelling sophistication based on 
error analyses, regardless of language status (e.g., Keilty & Harrison, 2015; Yeong & 
Rickard Low, 2011).  

A multi-system approach to spelling error analysis is to score each misspelling 
against phonological and orthographic criteria using a scoring scheme developed by Bruck 
and Waters (1988) and used by others (e.g., Harrison, 2004; Lennox & Siegel, 1993). Such 
an approach also aligns well with theory, such as Ehri’s (1992) Amalgamation Hypothesis 
and Apel and Masterson’s (2001) notion of mental graphemic representations. Scores are 
derived for each child based on how closely their spelling attempt amalgamates a word’s 
phonological and visual-orthographic features in forming complete MGRs. Contemporary 
formative spelling assessments using curriculum based measurement (CBM) employ error 
scoring based on the number of correct-letter sequences (CLS) apparent in children’s 
spellings. Monitoring how many more CLS children produce in response to intervention is 
thought to provide valuable formative assessments of children’s spelling progress than 
merely tracking growth of whole word accuracy (Hosp et al., 2016; Ritchey, et al., 2009). 
This metric was included due to its ubiquitous use in many classrooms incorporating CBM 
into their instructional practice, and to see if it yields any additional information beyond 
the phonological and visual-orthographic scoring schemes. 
 
The Present Study 
 

In the present study, English L1 and L2 children’s misspellings were subjected to 
error analyses across three metrics: phonological constrained, visual-orthographic, and 
CLS. Although there is evidence that English L1 and L2 children’s spellings contain 
similar patterns and developmental features (e.g., Buckwalter & Lo, 2002; Wade-Woolley 
& Siegel, 1997), whether the current study would replicate these findings and whether  L1 
and L2 learners would draw on the same underlying cognitive linguistic processes in 
becoming accurate spellers was investigated. How children’s scores across each of these 
metrics was predicted by PA, WM, RAN, and oral language (syntactic knowledge, oral 



CJAL * RCLA                                                                                                                   Harrison 

Canadian Journal of Applied Linguistics: 24, 3 (2021): 79-97 

84 

vocabulary) was also investigated. Although the evidence to date is sparse, it was 
anticipated that children’s error patterns across the different metrics would be similar, 
indicative of comparable development despite native language differences. Due to the 
difference in English oral proficiency based on children’s L2 status, it was also anticipated 
(aligned with Jongjan et al., 2007) that the relative contribution of the cognitive and 
linguistic predictors would vary between language groups.  

 
Method  

Participants 
 

Third-grade children (n = 112) from five elementary schools in a middle-class 
suburban community participated in a larger study on writing achievement in English L1 
and L2 children (Harrison et al., 2016). Additional analyses of children’s spelling error 
patterns were conducted for the present study and only the measures relevant for the 
current analysis of spelling accuracy, error patterns, and associated cognitive linguistic 
predictors will be described. The L2 learners (n = 62; 34 boys, 28 girls) had an average age 
of 8.58 years, spoke minimal or no English upon entry to kindergarten, verified by school 
records, and were designated by the district as English Language Learners (ELLs). Punjabi 
was the L1 of the majority (90%) of children with six students speaking a different L1 (i.e., 
Korean—3 children, Malayalam, Urdu, and Spanish. All of the children had received three 
years of ELL instruction in a pull-out program taught by ELL specialist teachers. L1 
learners (n = 50; 27 boys, 23 girls) had an average age of 8.66 years and were all native 
English speakers. Parents consented to their child’s participation (consent forms were 
translated into the L1) and children also provided their consent. None of the participants 
had any history of neurodevelopmental disabilities, motor disorders, or sensory 
impairments. Children receive spelling instruction as part of the Language Arts curriculum 
where there is a focus on writing for different purposes (e.g., journaling, communication of 
information, creative writing) with evaluation based on form (mechanics), style, and 
content. Spelling errors are noted in children’s written work, and they are expected to 
complete revisions and edits, including correcting mechanical errors. 
 
Measures 
 
 All tasks were completed individually in a single one-hour session in a quiet office 
at the children’s school. The author and trained graduate students administered and scored 
all of the measures in English. All of the L2 learners were proficient in English to fully 
understand task instructions. Since no norms are available for L2 learners on the norm-
referenced measures described below, raw scores were recorded. 
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Cognitive and Linguistic Measures 
 
Phonological Awareness 
  

The Elision subtest of the Comprehensive Test of Phonological Processing 
(CTOPP; Wagner et al., 1999) was administered where children removed sounds from a 
spoken word (e.g., say ‘meet’ without saying/t/) to form a new word. Unlike other 
phonological awareness skills (e.g., rhyming, blending, segmenting), the capacity to delete 
phonemes is considered the most complex of skills still being consolidated in 8 to 9-year-
olds (Adams, 1990; Moats & Tolman, 2009). Testing stopped when children made three 
consecutive errors. Internal consistency estimates were a = .90 and a = .91, for L1 and L2 
respectively. 
 
RAN 

 
The Rapid Letter Naming subtest of the Comprehensive Test of Phonological 

Processing (CTOPP) was administered to assess rapid naming. Children were instructed to 
read a series of lower-case letters randomly arranged into four rows and nine columns 
quickly and accurately. Children completed two trials and the average time to completion 
in seconds was recorded. Scores were converted (100 minus number of seconds) so that 
faster and slower performance was represented by higher and lower scores, respectively. 
 
Verbal Working Memory 
 

The Digit Span Backward task from the Wechsler Intelligence Scale for Children, 
Fourth Edition (WISC-IV; Wechsler, 2003) was administered where children repeated 
increasingly longer number strings in reverse order. Children completed two trials for each 
digit string and testing stopped when they responded incorrectly on both trials. Internal 
consistency estimates of a =.50 and a = .44 for L1 and L2, respectively  
 
Oral Receptive Vocabulary 

 
 The Peabody Picture Vocabulary Test, 4th Edition (PPVT-4; Dunn & Dunn, 2007) 

required children to match a picture to a spoken word. Testing stopped once children made 
8 errors within an item block and internal consistency estimates for L1 and L2 were a = 
.90 and a = .95, respectively. 
 
Syntactic Knowledge 
 

 Children completed the Syntax Construction subtest of the Comprehensive 
Assessment of Spoken Language (CASL; Carrow-Woolfolk, 1999) where they were 
required to generate oral sentences in response to a picture and oral prompt using correct 
morphosyntactic conventions. The task was stopped when children made errors on five 
consecutive items and sample internal consistency estimates were a = .80 and a = .75 for 
L1 and L2, respectively. 
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Spelling Measures 
 
Spelling Accuracy 

 
Children completed the Spelling subtest from the Wide Range  

Achievement Test-3rd Edition (WRAT-3; Wilkinson, 1993) where they spelled single 
words to dictation (i.e., presented in isolation and in a sentence) that became increasingly 
more difficult to spell. The task was stopped when children made ten consecutive errors. 
Raw scores based on accuracy were recorded and internal consistency estimates were a = 
.77 and a = .86 for L1 and L2, respectively. 
 
Spelling Error Analysis 
 

 Children’s spelling errors (the ten consecutive errors comprising test ceiling) from 
the WRAT-3 were scored across three metrics as shown in Table 1: phonologically 
constrained, visual-orthographic, and CLS. The first two approaches were based on Bruck 
and Waters’ (1988) and Lennox and Siegel’s (1993) scoring systems yielding scores for the 
phonological and visual-orthographic similarity of misspellings to target words. The 
phonologically constrained (rather than unconstrained) approach was used as high scores 
reflect a more sophisticated knowledge of both GPC rules and positional constraints on 
pronunciation, as shown in Table 1. This approach might be considered capturing 
children’s knowledge of more “context-sensitive” phonological patterns within the IMP 
framework (Treiman, 2017). The third approach, as previously noted, is a common metric 
used in the CBM of spelling (e.g., Hosp et al., 2016) and in research (e.g., Ritchey et al., 
2010). A total of 3360 words were scored across participants and metrics. All errors were 
scored by two raters with high inter-rater reliabilities of .88 for phonologically constrained, 
.94 for visual-orthographic, and .97 for CLS systems. Raters discussed all scoring 
discrepancies to 100% agreement. Raw scores converted to percentages were recorded 
across each metric for each child. Higher scores represented a greater proportion of 
phonological, visual-orthographic, or CLS features in misspelled words. 
 
Table 1 
Description of scoring metrics  
Scoring Metric Description Example Word: 

train 
Phonologically Constrained The number of correct GPCs and 

positional constraints on 
pronunciation 

train  = 4 
trane = 4/4 
tran =3/4 

Visual-Orthographic Number of correct letters + number 
of correct bigrams1 

train = 9 
trane = 6/9 
tran = 6/9 

Correct Letter Sequences Number of correct letter sequences 
and the space before and after 
correct letter sequences2 

train = 6 
trane = 3/6 
tran = 4/6 

Note. 1 train = 5 letters + 4 bigrams: /tr/, /ra/, /ai/, /in/  
2 train = ^t^r^a^i^n^; trane = ^t^r^ane 
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Results  
 

Descriptive statistics across the cognitive, linguistic, and spelling accuracy tasks for 
L1 and L2 are presented in Table 2. Two between group (L1/L2) analyses of variance 
(ANOVA) were conducted for the cognitive (RAN, WM) and linguistic (vocabulary, 
syntactic knowledge, PA) measures. There were no significant differences on the RAN (p 
= .31), WM (p = .32), or PA (p = .13) tasks between language groups, but L2 achieved 
significantly lower scores than L1 on the oral vocabulary, F(1,110) = 47.67 p < .001, hp2 = 
.30 and syntactic knowledge measures F(1,110) = 14.28, p < .001, hp2 = .11.  
 
Table 2 
Descriptive statistics for cognitive, linguistic, and spelling accuracy measures  
Measure L1 (n = 50) L2 (n = 62) 
 M SD Range M SD Range  
CTOPP Rapid Letter Naming  61.54 5.81 46-74 62.72 6.47 44-77 
WISC-IV Digit Span Backward 5.84 1.26 4-10 6.08 1.29 4-9 
PPVT-4 148.74 16.47 117-193 125.24 18.97 85-168 
CASL-Syntactic Knoweldge 32.88 5.34 18-45 29.33 4.57 18-40 
CTOPP-Elision 14.96 4.43 4-19 13.64 4.77 3-20 
WRAT-3 Spelling 29.0 4.3 19-38 27.8 3.10 22-37 
Note. CTOPP = Comprehensive Test of Phonological Processing; WISC-IV = Wecshler 
Intelligence Scale for Children – 4th Edition; PPVT-IV = Peabody Picture Vocabulary Test – 4th 
Edition; CASL = Comprehensive Assessment of Spoken Language; WRAT-3 = Wide Range 
Achievement Test – 3rd Edition. 
 

There were also no significant differences between L1 and L2 for spelling accuracy 
(p = .54). Table 3 summarizes descriptive statistics for L1 and L2 across each of the error 
scoring metrics. A mixed between group (L1/L2) within group error metric 
(phonologically constrained/CLS/visual-orthographic) repeated measures ANOVA 
indicated a main effect for error type F(2, 110) = 1456.71 p < .001, hp2 = .93 and, although 
approaching significance (p = .08), there was no language group by error metric 
interaction. As shown in Table 3, all children relied more heavily on phonological 
strategies as reflected in the higher scores on the phonologically constrained metric across 
language groups.  

 
Table 3 
Descriptive statistics for spelling error metrics  
Measure L1 (n = 50) L2 (n = 62) 
 M SD Range M SD Range 
Phonologically Contrained  73.80 7.91 53-88 67.84 8.9 37-84 
Visual-orthographic 45.76 11.41 13-71 41.44 11.53 15-67 
Correct Letter Sequences 51.06 8.88 29-72 47.43 9.38 22-64 
 

Next, a correlational analysis was conducted in order to examine the pattern of 
associations among each of the three error metrics with the cognitive and linguistic 
measures. The results of the correlational analysis are presented in Table 4. For L1 
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learners, scores on the phonologically constrained metric correlated significantly with only 
the oral vocabulary (r = .42) and syntactic knowledge measures (r = .41); whereas WM (r 
= .31), PA (r = .42), and oral vocabulary (r = .27) were significantly correlated with L2 
learners’ phonologically constrained scores. As also shown in Table 4, children’s scores on 
the visual-orthographic and CLS metrics were highly correlated (r = .92 and r = .95) for L1 
and L2, respectively, suggesting that these scoring systems are tapping into a similar 
construct (i.e., visual-orthographic representations). However, there were differences in the 
pattern of associations across the cognitive and linguistic measures and these two scoring 
metrics among L1 and L2 learners. For the L1 group, scores on both the visual-
orthographic and CLS metrics were significantly correlated with WM (r =.33), PA (r = 
.33), oral vocabulary (r =.53), and syntactic knowledge (r = .44). For the L2 group, scores 
on the visual-orthographic (r = .27) and CLS (r = .27) metrics were significantly correlated 
with WM only. While RAN did not significantly correlate with any of the metrics across 
language groups, it did approach a significant correlation (r = .21) with the visual-
orthographic metric, and only for the L1 group. 

 
Table 4 
Correlations Among Cognitive, Linguistic, and Spelling Measures for L1/L2  
 1 2 3 4 5 7 8 9 
1.RAN 1.00        
2.WM .37/.29 1.00       
3.PA .40/.005 .27/.28 1.00      
4.Vocabulary .23/.02 .19/.04 .36/.19 1.00     
5.Syntax .35/.06 .29/.02 .57/.36 .50/.34 1.00    
7.Phono. Const. .18/.05 .23/.31 .23/.42 .42/.27 .41/.19 1.00   
8.Visual-Ortho. .21/.14 .33/.27 .33/.14 .53/.24 .44/.08 .82/.81 1.00  
9.CLS .08/.11 .29/.27 .29/.11 .44/.21 .36/.01 .77/.82 .92/.95 1.00 

Note. RAN = Rapid Letter Naming from the Comprehensive Test of Phonological Processing       
(CTOPP); WM = Digit Span Backwards from the Wechsler Intelligence Scale for Children 4th Edition; 
PA = Elision from the CTOPP; Vocabulary = Peabody Picture Vocabulary Test 4th Edition; Syntactic 
Knowledge = Syntax Construction from the Comprehensive Assessment of Spoken Language; Phono. 
Const. = Phonological-Constrained; Visual-Ortho. = Visual Orthographic; CLS = Correct Letter 
Sequences. 
p = .05 for r values at or above .25; p = .01 for r values at or above .33. 

 
 To address the final question, the relative contribution of cognitive and linguistic 
predictors to children’s nascent MGRs (as captured by performance on the spelling error 
metrics) was examined. A series of hierarchical regression analyses to predict performance 
on each of the spelling metrics (phonologically constrained, visual-orthographic, and CLS) 
were run separately for L1 and L2 groups using the same set of predictor variables: PA, 
WM, RAN, and oral language (a composite of vocabulary and syntactic knowledge created 
using the unit weighted method on the mean z-scores). Guided by theory and extant 
empirical evidence of their contribution to spelling, PA, WM, and RAN were entered 
together in the first step, followed by oral language at the second step to see how much 
more variance would be explained by oral language. For phonologically constrained 
scores, as shown in Table 5, PA, WM, and RAN together explained 19.5% of the variance 
(F = 3.63, p = .02) and oral language explained an additional 8.9% of the variance (F = 
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5.47, p = .02) for L1 learners with both models explaining 26.8% of the variance. PA was 
the only significant contributor to the model (Beta = .365, t = 2.975, p = .004) but this 
significance was lost (p = .08) once oral language was entered (p = .02).  
For phonologically constrained scores, only the first model with PA, WM, and RAN was 
significant (F = 5.447, p = .002) for L2 learners explaining 22% of the variance. Oral 
language contributed an additional 4.5% of the variance but was not significant (p = .06).  
 
Table 5  
Summary of hierarchical regression analysis of cognitive-linguistic predictors of 
phonologically constrained scores across language groups 
Language Step Variables R2 Adj. R2 R2 

change 
b p 

L1 1 PA    .397 .010 
  WM    .137 .353 
  RAN .195 .141 .195 -.185 .854 
 2 PA    .267 .084 
  WM    .099 .484 
  RAN    -.052 .722 
  Oral 

Language 
.284 .219 .089 .337 .024 

L2 1 PA    .365 .004 
  WM    .212 .103 
  RAN ..223 .182 .223 .004 .997 
 2 PA    .298 .021 
  WM    .244 .059 
  RAN    -.003 .978 
  Oral 

Language 
.268 .216 .045 .223 .068 

 
 For the visual-orthographic scores, as shown in Table 6 for L1 learners, RAN, PA, 
and WM together accounted for 25.5% (p = .004) of the variance and the inclusion of oral 
language accounted for an additional 15.4% (p = .002) with both models explaining over 
40% of the variance (F = 3.156, p = .02). PA was the only significant contributor to first 
model: (Beta = .40, t = 2.81, p = .007). However, all variance was accounted for by oral 
language in the final model (Beta = .44, t = 3.37, p = .002), PA lost significance. For the 
L2 learners both models explained nearly 18% of the variance, but only the first model was 
significant, accounting for 14.9% of the variance in visual-orthographic scores. PA was the 
only significant contributor to the model (Beta = .16, t = 2.15, p = .03). Thus, oral language 
appears to be a stronger contributor for L1 than L2 when children produce misspellings 
that look more like target spellings.  
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Table 6 
Summary of hierarchical regression analysis of cognitive-linguistic predictors of visual-
orthographic scores across language groups 
Language Step Variables R2 Adj. R2 R2 

change 
b p 

L1 1 PA    ..400 .007 
  WM    ..237 .099 
  RAN .252 .202 .252 -..035 .814 
 2 PA    .229 .102 
  WM    .187 .150 
  RAN    -.066 .620 
  Oral 

Language 
.406 .352 .154 .444 .002 

L2 1 PA    .277 .035 
  WM    .164 .227 
  RAN .149 .104 .149 .101 .436 
 2 PA    .218 .105 
  WM    .191 .158 
  RAN    .097 .446 
  Oral 

Language 
.184 .126 .035 .196 .127 

 
Finally, for the CLS scores, as shown in Table 7, only the second model which 

included all of the variables was significant (F = 4.20, p = .006) for the L1 learners 
accounting for 27.7% of the variance. For L2 learners, although the first model with PA, 
WM, and RAN explained 14.4% of the variance in CLS scores, the model did not reach 
significance (p = .08). Oral language did not contribute any additional variance to the CLS 
scores achieved by L2 learners.  
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Table 7 
Summary of hierarchical regression analysis of cognitive-linguistic predictors of correct 
letter sequences across language groups 
Language Step Variables R2 Adj. R2 R2 

change 
b p 

L1 1 PA    .266 .086 
  WM    .263 .087 
  RAN .144 .087 .144 -.121 .446 
 2 PA    .108 .480 
  WM    .217 .131 
  RAN    -.150 .311 
  Oral 

Language 
.277 .211 .133 .412 .007 

L2 1 PA    .191 .151 
  WM    .197 .157 
  RAN .108 .061 .108 .062 .639 
 2 PA    .139 .311 
  WM    .221 .113 
  RAN    .059 .653 
  Oral 

Language 
.135 .073 .027 .173 .189 

 
Discussion 

 
 Although research suggests that English L2 learners’ spelling (as measured by 
accuracy) follows a similar developmental path as English L1 learners, much less research 
has explored the formative assessment of spelling through the use of several error scoring 
metrics, and whether the same underlying cognitive and linguistic processes underpin L1 
and L2 children’s formation of MGRs. The present study addressed these issues. As 
hypothesized and replicating the results from previous studies with similar age groups 
(e.g., Jongejan et al., 2007; Lesaux et al., 2007), there were no differences in spelling 
accuracy between L1 and L2 learners. There were also no differences due to language 
group on the cognitive measures of verbal WM, RAN, and PA. L2 children did achieve 
significantly lower scores than L1 on the oral vocabulary and syntactic knowledge 
measures, however, also consistent with the corpus of evidence to date on persistently 
lower oral language skills compared to L1 children (August & Shanahan, 2006.). These 
language differences continue despite the fact that the L2 children in the current sample 
had been simultaneously learning their L2 language and literacy skills for four years, since 
kindergarten, as others have also noted (e.g., Geva & Farnia, 2011). Despite these 
persistent oral language differences between groups, the results of the present study 
indicated that all children, irrespective of L1 or L2 status, were relying on GPC knowledge 
in combination with orthographic rules governing pronunciation (as scored by the 
phonologically constrained system) in spelling. Their scores were significantly higher on 
this system than on the visual-orthographic or CLS scoring systems. These findings are 
consistent with previous research on the comparative errors between L1 and L2 learners 
(e.g., Wade-Woolley & Siegel, 1997) and evidence that English L2 children are spelling 
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through phonologically-based mechanisms, similar to L1 children and at the same 
developmental ages (Bourassa & Treiman, 2001). The fact that the L2 children in this 
study have PA skills on par with their L1 peers further facilitates their drawing on this 
strategy when attempting to spell.  
 While L2 children may be relying on similar strategies and to a similar degree as 
L1 when spelling in the L2, the present results suggest that the influence of underlying 
cognitive and linguistic resources do differ as a function of scoring system and language 
group. Specifically, the correlational results elucidated a different pattern of associations 
among the error metrics and between language groups: the oral language variables were 
more strongly associated with each of the three spelling metrics in L1 than L2 children. 
Likewise, across each scoring system, less total variance was explained for L2 than for L1 
learners. Based on the results from the regression analysis, the greatest proportion of 
variance (40%) explained by cognitive and linguistic predictors was for the scores on the 
visual-orthographic system and for L1 learners. This system captured how closely 
children’s spellings approximated the orthography of the target word. While PA was a 
significant contributor, it lost its significance after oral language was entered. However, for 
L2 children only 18% (less than half compared to L1) of the variance in their visual-
orthographic scores were explained by the same cognitive and linguistic predictors, and 
only the first model that included PA was significant.  

Across the other two metrics, for L2 children, the cognitive and linguistic 
predictors accounted for the most variance in their scores on the phonological system 
(22%) with PA the only significant contributor, whereas both PA and oral language were 
significant predictors for L1 children. Similarly, oral language mainly contributed to CLS 
scores for L1 children, but none of the cognitive or linguistic predictors were significant 
for L2 children. Thus, across each scoring system, less variance was explained by the 
cognitive and especially the linguistic predictors for L2 than for L1 learners. These 
findings align with the Integration of Multiple Patterns framework (Treiman, 2017) in that 
due to less well-developed L2 language skills (beyond phonology) compared to native-
speakers, L2 children are drawing on a different constellation of processes than their L1 
counterparts in their spelling attempts.  
 Although comparative studies of English L1 and L2 learners have found that WM 
and RAN uniquely predict spelling accuracy in kindergarten through to 4th grade (e.g., 
Harrison et al., 2016; Jongejan et al., 2007; Yeong & Rickard-Liow, 2011), the current 
findings did not indicate these processes as significant predictors of the approaches 
children are using to spell. Working memory as a predictor approached significance for L2 
phonologically constrained scores (p = .059) in the final model which included oral 
language. Likewise, WM also approached significance at step 1 prior to oral language 
entry for the L1 group in predicting visual-orthographic and CLS scores. It is possible that 
lower internal consistency estimates for digit span backward also accounted for its limited 
influence as a predictor in the models. Future studies might include more than one WM 
measure across visual and verbal domains to further examine its influence on children’s 
developing spelling accuracy. Since RAN’s contribution to spelling has been assessed 
using spelling accuracy measures, and that conceptually it represents facility with lexical 
access (e.g., Savage et al., 2008; Stainthorp et al., 2013), its lack of influence in the present 
study may be due to the focus on spelling errors. Thus, the current study provides evidence 
that the RAN-spelling association may only occur when fully formed MGRs are present as 
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errors provide an index of only partial representations. Similarly, associations between 
WM and spelling have only been studied in relation to spelling accuracy. The current 
results suggest that PA and oral language ostensibly supersede its contribution when 
spelling errors are examined.   
 The results also showed strong correlations among the three scoring metrics. 
Visual-orthographic and CLS systems were very highly correlated suggesting that they are 
tapping into a similar visual-orthographic construct, not surprising given the focus on 
coding the production of correct graphemes. Likewise, correlation coefficients between 
CLS and the phonological system, although of less magnitude than the visual-orthographic 
system, were also strong. Using slightly different metrics for two systems of phonological 
scoring, Ritchey et al. (2010) also reported similar strong correlations among their 
phonological and CLS metrics and the current results extend these findings to English L2 
learners.  
 There are some notable limitations to the current study. First, no information was 
available on home literacy or the proportion of L1 or L2 language use in the home. 
Contemporary accounts of bilingualism view it as a continuous rather than a binary 
variable, and thus evaluating language along a continuum may have yielded different 
findings (Incerra & McLennan, 2018). Also, the scoring systems used, while labour 
intensive as others have noted (Yeong & Rickard Liow, 2011) provided breadth in analyses 
(visual-orthographic, letter sequencing, GPC) but did not capture depth in relation to 
linguistic structures. There has been an increased awareness in recent years on the 
important role of morphology on spelling development in L1 and in L2 learners (e.g. Bahr 
et al., 2015; Pacton & Deacon, 2008) and attempts to develop appropriate scoring metrics 
for morphological analyses of misspellings (i.e., Bahr et al., 2012; Deacon, 2008). 
Extending this research to include scores for morphological approximations of children’s 
misspellings, examining cognitive and linguistic associations, and comparisons between L1 
and L2 would be an important question for further study. Similarly, concurrent results are 
reported here, and longitudinal analyses of the changes in error patterns over time, and in 
relation to underlying cognitive and linguistic processes would also be an important 
extension. 

Overall, the results indicate that while L1 and L2 learners are achieving at similar 
levels for spelling accuracy and tend to be using more phonologically constrained 
strategies when spelling, the groups differ in the relative influence of cognitive and 
linguistic processes in activating these strategies, particularly when attempting to produce 
the correct visual representation of words. Most measures of orthographic knowledge 
include separate assessments of children’s recognition of “real word” patterns in 
phonologically matched pairs of words (e.g., Olson et al., 1994) or non-words (Berninger 
et al., 1991). Error metrics such as CLS and visual-orthographic coding may provide an 
alternative by using children’s own spellings to supplement or in lieu of other assessments 
of orthographic knowledge in research and in practice. Likewise, phonologically 
constrained coding provides some assessment of children’s knowledge of orthographic 
rules that direct how speech must be represented in writing within a particular orthography. 
Error analysis provides a record of the kinds of strategies children may be using when 
attempting to spell that can ultimately be used to inform instruction, making such 
approaches a valuable addition to a teacher’s language and literacy assessment practices. In 
comparative studies of L1 and L2 learners, the use of multiple error metrics within writing 
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instruction provides rich insight into nascent language-literacy associations and furthers 
our understanding into what Apel (2011) has cogently advocated as the sixth language 
component, that of orthography. 
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