
Florida State University Libraries

Follow this and additional works at the FSU Digital Library. For more information, please contact lib-ir@fsu.edu

2013

Considering word characteristics for spelling
accuracy: Evidence from Korean-speaking
children
Young-Suk Kim and Yaacov Petscher



RUNNING HEAD: ORTHOGRAPHIC TRANSPARENCY AND LITERACY  

 

1 

 

 

 

 

Considering word characteristics for spelling accuracy: Evidence from Korean-speaking 

children 

 

Kim, Y.-S., & Petscher, Y. (2013). Considering word characteristics for spelling 

accuracy: Evidence from Korean-speaking children. Learning and Individual Differences, 

23, 80-86.  DOI: 10.1016/j.lindif.2012.08.002



RUNNING HEAD: ORTHOGRAPHIC TRANSPARENCY AND LITERACY  

 

2 

Abstract  

We examined the extent to which word characteristics (i.e., differences in orthographic 

transparency among words) and child characteristics (i.e., emergent literacy skills) 

explain variation in children’s spelling, using data from young Korean children (N = 168). 

We compared predicted probabilities of various types of words (e.g., transparent vs. two 

types of opaque words) in spelling at various levels of child’s latent ability in emergent 

literacy skills. While approximately 60% of total variance in spelling was attributable to 

differences due to child characteristics, a substantial amount, approximately 40%, was 

due to differences among words. In addition, inclusion of language and print-related 

emergent literacy skills reduced about 35 to 57% of variance that is attributable to 

differences among children. Inclusion of word types (i.e., transparent vs. opaque words) 

explained more than 50% of variance attributable due to differences among words.  These 

results suggest that orthographic depth in words is one aspect to take into consideration 

for spelling acquisition.  

 

Word count: 156 

Key words: Multilevel cross-classified model, Orthographic transparency, Spelling, 
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RUNNING HEAD: ORTHOGRAPHIC TRANSPARENCY AND LITERACY  

 

3 

1. Introduction 

It has been shown that orthographic depth matters for reading acquisition. For 

instance, English which has a deep orthography takes a longer time to acquire literacy 

skills than languages with shallow orthographies (Seymour, Aro, & Erskine, 2003). Thus, 

orthographic depth (Katz, & Frost, 1992) is an important factor for ease or difficulty of 

literacy acquisition (Frith, Wimmer, & Landerl, 1998; Seymour et al., 2003; Wimmer & 

Goswami, 1994). Previous studies examined cross-linguistic differences – how reading 

acquisition is influenced by orthographic depth across languages that vary in 

orthographic transparency. However, variation in orthographic depth occurs not only 

across languages, but also within a language. For instance, in English, many words can be 

sound out using grapheme-phoneme correspondence rules (e.g., cat, bike) while others 

cannot be (e.g., w in answer). Similarly, in a language with a shallow orthography such as 

Korean (the target language in the present study), some words are not orthographically 

transparent (see more details below).   

The differences in orthographic regularity among words have drawn attention in 

reading theory (e.g., dual route model, Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001) 

and instructional practice (e.g., phonics approach for regular words and look-say 

approach for irregular words in English). Despite the theoretical and instructional 

attention, however, there are at least three gaps in the literature with regard to early 

literacy skills and orthographic consistency. First, the majority of existing studies 

examining word characteristics (i.e., orthographic transparency) were conducted with 

children learning to read and write in English (e.g., Baron, 1979; Ricketts, Nation, & 

Bishop, 2007; but see studies with French-speaking children such as Ziegler, Castel, 
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Pech-Georgel, George, Alario, & Perry, 2008). Second, the majority of these previous 

studies with English-speaking children examined how individual differences in child 

characteristics (e.g., phonological awareness or letter knowledge), not word 

characteristics, are related to reading and spelling (e.g., Treiman & Bourassa, 2000). 

Even the few studies which examined whether word characteristics matter, researchers 

compared the extent to which child variables (e.g., phonological awareness) explain 

children’s word reading by using word characteristics outcomes (e.g., orthographically 

transparent versus opaque words) in separate statistical models (e.g., Cho, McBride-

Chang, & Park, 2008; Nation & Snowling, 2004; Ricketts et al., 2007). However, this 

approach does not allow us to accurately compare the extent to which variation in child 

variables versus word characteristics (i.e., orthographic transparency of words) explains 

variation in the outcomes because the outcomes are modeled separately in multiple 

regressions, which do not permit partitioning of variation due to child characteristics and 

word characteristics.  

Thus, the primary goal of the present study was to fill some of these gaps in the 

literature by investigating whether differences in orthographic transparency in words 

explain accuracy (predicted probabilities) in children’s spelling using data from children 

acquiring literacy in Korean. We examined the contributions of child and word 

characteristics (i.e., orthographic transparency of words) to spelling to find out whether 

word characteristics as well as emergent literacy skills matter in children’s spelling 

performance, and if so, how word characteristics interact with children’s emergent 

literacy skills. For instance, children might take advantage of emergent literacy skills 

(e.g., phonological awareness and alphabet knowledge) to a larger extent in spelling 
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transparent words than opaque words. Because the letter-sound correspondences are 

represented consistently in transparent words, children’s emergent literacy skills 

including letter-sound knowledge might facilitate spelling of such words more readily 

than spelling opaque words. We used cross-classified multilevel models (CCML; Author, 

2010), which permit partitioning of variance into child versus word level. Korean is a 

good candidate to address these questions because words can be classified into 

orthographically transparent and opaque ones although overall the Korean writing system 

is considered transparent (Author, 2009, 2010). Orthographically transparent words in 

Korean have consistent letter-sound correspondences whereas orthographically opaque 

words have mismatches between orthographic representations and phonological 

realizations.  

Child variables in the present study were informed by accumulating evidence 

about multiple component skills in literacy acquisition in Korean such as phonological 

awareness (Cho & McBride-Chang, 2005; Author, 2007, 2010; Wang, Park, & Lee, 

2006), alphabet knowledge (Author, 2009, 2010), vocabulary (Author, 2010), 

morphological awareness (Cho et al., 2008; Author, 2010), and orthographic awareness 

(Author, 2010, 2011; Wang et al., 2006). In order to improve the parsimony of modeling 

Korean emergent literacy skills in the CCMLM, we created a latent factor score from 

children’s performances on the emergent literacy tasks (see results section for details).  

In the present study we use the terms, orthographically transparent and opaque 

words, rather than “regular” or “irregular” words.  Orthographically transparent words 

are those in which letter-sound relationship is apparent (Treiman & Kessler, 2007). 

Orthographically opaque words are those which phoneme-grapheme correspondence is 
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obscured due to phonological shifts and changes in pronunciation in certain phonological 

environments. Thus, orthographically opaque words in Korean are different from 

irregular or exception words in English because orthographically opaque words observe 

phonological rules which are applied predictably and consistently across words. In other 

words, in Korean, truly “irregular” or “exception” words do not exist. The contrast 

between regular and irregular (or exception words) may be particularistic to English 

(Share, 2008). Below is a description of the Korean language and orthography that is 

relevant to the present study.  

The Korean language has a fairly transparent alphabet writing system, called 

Hangul, so that letters represent phonemes in a consistent manner in principle. Thus, in 

most cases, many words in Korean can be read by applying one-to-one mapping between 

letters and sounds. However, opaque words exist due to morphophonemic nature of 

Hangul and phonological shifts – i.e., a morphemic principle overrides phonemic 

principle when they are in conflict. One example is consonant tensification (see Sohn, 

1999) in which onset of a syllable becomes a tensified phoneme. For example, the word 

for fish (/mul.kko.ki/ ⶒἶ₆) is a compound word of two native Korean words, ‘water’ 

(/mul/ⶒ) and ‘meat’ (/koki/ ἶ₆). Phonological transcription would have to be ⶒↂ₆ 

to reflect a phonological shift (i.e., tensification) in the onset of the second syllable (i.e., 

ඞ from ඝ). However, the morphological components are retained intact in writing at the 

cost of phonological transparency.  

Another common phonological shift is resyllabification (Author, 2007). For 

example, the correct pronunciation of₎㧊(length) is /ki.li/ (₆Ⰲ) because the coda of 

the first syllable (i.e., /l/) is resyllabified and moved to the onset position of the second 
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syllable but orthographically it is represented as /kil.i/. It should be noted that 

phonological opaqueness is created in bimorphemic words in Korean, either through 

inflectional morphology or word formation (i.e., derivational morphology and 

compounding). Thus, the phonologically opaque words included in this study were all 

bimorphemic. Phonologically opaque monomorphemic words are extremely rare in 

Korean.  

In summary, in the present study, we examined the contributions of child 

characteristics and word characteristics to spelling for four- and five-years old Korean-

speaking children. The guiding research questions in the present study were as follows:  

(1) What is the amount of variance explained in spelling by the child (e.g., a latent 

language and print-related ability score) and word characteristics (e.g., transparent, 

tensification, and resyllabification words) in Korean?; and (2) What are predicted 

probabilities in spelling for words that vary in orthographic transparency (e.g., 

transparent, tensification, and resyllabification) at various levels of child ability in a latent 

language and print-related ability score?  Separate CCMLM models were run for four- 

and five-year olds because they differed in terms of amount of exposure to literacy 

instruction (1 year vs. 2 years), and we did not assume similar variances in the predictors 

and outcomes (see below). 

2. Method 

2.1. Sites and participants 

A total of 168 preschool- and kindergarten-aged children (77 girls; 89 four- and 

79 five-year children; M = 65.81 months, SD = 4.65 months) in South Korea participated 

in the present study. Some five-year-old children were in the four-year-old classes 
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because it was their first year of literacy instruction at the institute level. Thus, children’s 

age can be viewed as a proxy of the amount of literacy instruction children received (i.e., 

1 year of instruction for four-year-olds). The children in this study came from 

predominantly low and low-average socioeconomic family backgrounds. The 

participating children did not have any hearing, visual, or speech difficulties. The 

predominant instructional approach at participating schools was a whole-word approach, 

where a look-and-say method using flash cards and numerous copying of words was the 

predominant approach (Author, 2011).   

2.1.Procedures 

All instruments were administered by four research assistants who were 

rigorously trained on the administration of the measures used in the present study.  The 

assessment battery was administered individually to each child in a quiet room in two 

sessions of approximately 30 minutes each. The spelling task was group administered (3-

4 children). Data were collected at the end of the school year (i.e., January and February).  

2.2.Measures 

The following measures were developed and piloted by the first author (Author, 

2011).  

2.2.1. Outcome: Spelling 

The spelling task consisted of 12 orthographically transparent words (or items), 6 

tensification words, and 13 resyllabification words. Orthographically transparent words 

included monomorphemic (e.g., 㩫Ⱖ /cț┕.mal/, really or truthfully) and bimorphemic 

words (e.g., ⶒ/nun.mul/ eye + water, tears from crying). As noted above, words that 

undergo tensification and resyllabification were all bimorphemic. All words consisted of 
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two syllables with CVC.CVC structure with an exception of one item which had a 

CVC.CV structure (see Appendix A). The spelling was a dictation task. For each item, 

children were read aloud a target word, the target word used in a sentence, followed by 

the target word read aloud again. All the items were dichotomously scored (1 = correct; 0 

= incorrect).  

The words in the spelling task were not matched in terms of frequency due to lack 

of frequency information for children’s lexicon in Korean. However, all the words in the 

reading task were selected from children’s Korean language textbooks (Korean I & II, 

published by Korean Ministry of Education for Korean) and Lee and his colleagues’ 

(1991) corpus which reflects 5000 most frequently used words in Korean adults’ text. All 

the words were high frequency words and two child educators verified that participating 

children would be familiar with the meanings of all the words. 

2.2.2. Predictors 

Word characteristics predictors were orthographic transparency of items in the 

spelling task such as orthographically transparent and opaque words (e.g., tensification 

and resyllabification). Children’s language and print related skills included the following 

(see Author, 2011 for further details). In the phonological awareness task, the child was 

asked to delete a syllable (15 items) and a phoneme (12 items; e.g., say /mul/ [water] 

without /l/, which is /mu/ [radish]).  In the vocabulary task (33 items), the child was 

asked to provide names of items (e.g., truck), synonyms (e.g., another word for ‘angry’), 

and superordinate terms (e.g., furniture). In the morphological awareness tasks, the child 

was asked to decide if the second word was derived (“comes from”) the first word (20 

items). For example, 㺛㌗ /tȒeksa┕/, desk, came from 㺛/tȒek/, book. Another 
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morphological awareness task was a compound task in which the child heard 2-3 

sentence stories and was asked to create a compound word (18 items). For instance, 

“When a refrigerator keeps Kimchi (Korean dish) in it, then we call it Kimchi refrigerator. 

If a refrigerator keeps a flower in it, what would we call it?” The correct answer is a 

flower refrigerator.  Children’s knowledge of letter names and sounds was also assessed 

by asking the child to names (40 items) and sounds (37 items) of alphabet letters. Finally, 

children’s orthographic awareness was assessed by an orthographic choice task, which 

was adapted from Wang, Park, and Lee (2006). This task was designed to assess students’ 

sensitivity to several constraints in the Korean Hangul writing system such as permitted 

location of vowel letters, legality of complex vowel letters (e.g.,  is illegal and is 

legal.), legality of consonant digraphs, and permitted letters in the onset position. There 

were 30 test items with 4 practice items (see Author, 2011 for further details about the 

measures). Wang et al. (2006) reported the orthographic choice task to be related fairly 

strongly with word reading (r = .64). All the items in language and print related skills 

tasks were dichotomously scored (1 = correct; 0 = incorrect).  

In order to reduce the complexity of CCMLM models, we used a factor score 

from a confirmatory factor analysis extracted from all these emergent literacy tasks. 

Because the items were individually scored as correct or incorrect, they may be modeled 

as categorical indicators of a latent factor (i.e., item response theory). A principal tenet of 

item response theory is that the scores from a given assessment describe an essential 

unidimensional construct (see Stout, 1990). For each of the eight tasks (i.e., syllable 

awareness, phonemic awareness, letter name and sound knowledge, two morphological 

awareness tasks, vocabulary, and orthographic awareness) exploratory factor analyses of 
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the tetrachoric matrix using Mplus (Muthen & Muthen, 2011) were conducted to record 

the eigenvalues and relative ratios to assess dimensionality. The results from this 

approach (Table 1) demonstrate that each task met the minimal criteria of essential 

dimensionality, whereby the ratio of eigenvalues 1 and 2 was substantially larger than the 

ratio of second and third values. Subsequently, 1 parameter logistic (1PL) item response 

models were used to estimate ability scores for the students.  Because these assessments 

are designed to be assessed by paper and pencil, an advantage of the 1PL model is that 

the resulting ability score has a 1 to 1 relation with a raw score total. From the 1PL model 

analysis, the resulting standard errors of the ability score for each task was used to 

estimate the marginal reliability, which may be interpreted in the same way as a 

Cronbach’s alpha estimate of internal consistency. The estimates for these tasks ranged 

from .81 to .97 (see Table 1).  

2.3. Analytical Strategies 

CCMLM was used to address the research questions, as scores from the model 

were simultaneously nested within words and individuals. When data represent this type 

of structure, it is possible to examine how much of the variation in scores is due to 

individual differences and due to word characteristics (i.e., items). In the current study, 

all participants were exposed to all items. Subsequently, scores are crossed by children 

and words, but not nested (if nested, only some words would have been exposed to some 

of the children). The cross-classified approach then correctly and reliably partitions the 

variance in the scores to differences across children and differences across items. 

The structure of the CCMLM is such that the level 1 component included the 

dependent variable, which was the children’s ability to correctly answer the item. Cross-
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classification occurred at level 2, and was between children and items (i.e., transparent 

words, and words involving tensification and resyllabification). Because the dependent 

variable was dichotomously scored, the model was fit using a Bernoulli distribution. The 

grand mean coefficient produced by the CCMLM in the logistic model becomes a log-

odds value, which may be converted to an odds ratio or predicted probability to facilitate 

interpretation. In addition to estimating the grand mean, it was important to describe the 

amount of variance in spelling that was due to differences among participants and 

differences between words. 

PROC GLIMMIX in SAS 9.2 was used to conduct all analyses with two separate 

CCMLM generated for the spelling outcome. Four cumulative models were analyzed in a 

sequential manner. Initially, an unconditional or within-cell model (Model 1) was fitted 

to describe the overall mean log-odds of correctly answering an item (see Results for 

interpretation). If the model showed that significant variability existed among children 

and among items, a second model was fitted that included a level-1 dummy code 

representing item type. The grand mean estimate from this model (i.e., Intercept, Model 2) 

would indicate the log odds of correctly answering the item conditional on the item type 

(i.e., transparent words, and words involving tensification and resyllabification). Because 

item type is categorical with three types in the spelling outcome, it was dummy-coded 

such that transparent items were the referent. As such, the marginal means for 

resyllabification and tensification item types represented deflection of the log-odds of 

correctly answering the item for the intercept (i.e., transparent items). Model 3 included 

the child-level Korean literacy ability score, as well as the interactions between child 

characteristics (i.e., emergent literacy skills) and item types (i.e., word types). Moreover, 
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we included planned comparisons which examined the extent to which tensification, 

resyllabification, and transparent words differed from each other conditional on the 

Korean literacy ability score. Specifically, we tested whether predicted probabilities were 

different for tensification vs. resyllabification items, where the latent ability score = 

below sample mean [-1], sample mean [0], and above sample mean [1]). This step was 

important as it allowed us to not only contrast word characteristics at different points of 

the ability distribution, but also allows for a direct comparison of tensification and 

resyllabification, which was not possible in the Model 3 specification due to the dummy-

code nature of these scores (i.e., each is individually compared to the referent, transparent, 

but not to each other). Models were run separately for four and five year old children in 

order to correctly estimate the individual and item variance components. Although typical 

regression models include age as a covariate, doing so in a cross-classified model masks 

the estimates of variance to a particular age group.  

3. Results 

3.1. Preliminary analysis 

 Descriptive statistics from raw scores and IRT are reported in Table 2, and 

highlight the performance of four- and five-year-old children on each of the measures. 

For four-year-old participants, the mean scores on the predictor variables ranged from -

.50 on morphological awareness (SD = .74) to -.23 on phonological awareness (SD = .82). 

Conversely, the mean scores for five-year-olds ranged from .32 on phonological 

awareness (SD = .87) to .58 on morphological awareness (SD = .81). These values 

represent ability scores from the multiple-group IRT analyses described previously; the 

negative scores indicate lower ability while positive values describe higher ability. 
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Spelling ability was distinguished between the two groups, with lower ability associated 

with the younger children (M = -.62, SD = .64) compared to the older children (M = .78, 

SD = .90). Correlations among the latent variables for both age groups (Table 2) indicated 

that moderate associations were observed, ranging from .22 between morphological 

awareness and spelling to .58 between letter knowledge and spelling for four-year-olds, 

and from .39 between orthographic awareness and morphology to .64 between 

orthographic awareness and spelling. 

 A confirmatory factor analysis was run to model the extent to which a 

unidimensional representation of Korean language and print-related skills (i.e., syllable, 

phonological awareness, letter name and sound knowledge, morphological awareness, 

vocabulary, and orthographic awareness) provided adequate model fit to the latent ability 

scores for each observed measure. Conventional model fit indices were used to evaluate 

the model specification, including the comparative fit index (CFI; Bentler, 1990), Tucker-

Lewis index (TLI; Tucker & Lewis, 1973), root mean square error of approximation 

(RMSEA; Steiger & Lind, 1980), and the standardized root mean square residual 

(SRMR). Values at or exceeding 0.95 are deemed as providing a good model fit to data 

for the CFI and TLI, while values less than 0.05 but up to 0.10 are typically viewed as 

adequate for the RMSEA and SRMR statistics. Resulting indices from the one-factor 

CFA [ぬ²(9) = 23.82, CFI = 0.97, TLI = 0.94, RMSEA = 0.099 (95% CI = 0.05, 0.15), 

SRMR = 0.04] suggested acceptable fit to the data, and it was not distinguished from a 

two factor model of language and print skills [ぬ²(8) = 22.13, CFI = 0.97, TLI = 0.94, 

RMSEA = 0.102 (95% CI = 0.05, 0.15), SRMR = 0.04]. 
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A follow-up multiple group analysis was used to examine measurement 

invariance across the age groups. Measurement invariance is an important to establish the 

equivalency of loadings and means across groups in order to ensure that resulting 

estimates are free from bias (Meredith, 1993). A baseline model of non-invariance was 

first specified (Table 3), which manipulated the full model such that the age groups 

differed in the intercept and loading structures. The results from Table 3 highlight that a 

model with configural and partial metric invariance provided the best fit compared to the 

baseline model, evidenced by the small chi-square and non-significant chi-square 

difference from the baseline (p = .801). From this model, the factor scores from 

children’s language and print-related tasks were retained and used to predict children’s 

performance on the spelling in the cross-classified models. 

3.1. Research Question 1: What is the amount of variance explained in spelling by 

the child (e.g., a latent language and print-related ability score) and word 

characteristics (e.g., transparent, tensification, resyllabification) in Korean?  

 The random effects for the four models for the spelling outcome are reported in 

Table 4. The 95% confidence intervals around the estimated variance components for the 

unconditional models (i.e., Model 1) indicated that significant variability occurred both 

between children as well as between items for both the four- and five-year-olds. For both 

age groups, most of the variance in Model 1 could be attributed to individual differences 

at the child level (5.63 for age four; 5.04 for age five), which corresponded to 59% and 

62% of the total variance at ages four and five. The remaining 41% of differences for 

four-year olds and 38% of the variance for five-year-olds was due to individual item 

differences (i.e., word type characteristics). 
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When modeling child and word characteristics in Models 2 and 3, the final model 

(Model 3) demonstrated that the 35% of the variance in four-year-old children’s scores 

were explained by children’s language and print-related skills. For the five-year-old 

children, the language and print-related skills explained 57% of the child level variance. 

The word characteristics (i.e., transparent, tensification, and resyllabification) explained 

55% of the item level variance for four-year-olds, and 57% five-year-old children. 

3.2. Research Question 2: What are predicted probabilities in spelling for words 

that vary in orthographic transparency (e.g., transparent, tensification, and 

resyllabification) at various levels of child ability in a latent language and 

print-related ability score? 

 The fixed effects for the spelling outcome are presented in Tables 5 and 6. While 

these findings are important, they represent a necessary but insufficient method to 

answering the research question. A limitation of the marginal mean estimates is that they 

do not allow for a direct comparison of the word characteristics predictors at particular 

levels of the child predictor. Rather, Tables 5 and 6 represent differences between opaque 

words and transparent words only when the ability score is at the sample mean. Thus, a 

brief synopsis of those findings will be reported here, but we were specifically interested 

in testing whether the mean log odds of word characteristics were significantly 

distinguished within a specific age group, when literacy abilities were one standard 

deviation below the mean, at the mean, and one standard deviation above the mean. The 

contrasts reported in Table 6 as well as Figure 1 more carefully describe the relations 

among the important components in our model (i.e., age, word types, and child literacy 

ability) for varying levels of abilities in the language and print-related skills.  
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 For four-year-olds, Table 5 highlights that the mean log odds for getting any 

spelling word correct was -1.82 with a corresponding probability of .13, indicating that 

four-year-olds had a 13% chance of correctly answering any spelling word. When 

modeling the word characteristics, Model 2 showed that transparent words were not 

statistically distinguished from tensification words, but resyllabification words had a 

mean log odds 2.84 units less than transparent items (i.e., -4.76, predicted probability = 

<1%). When controlling for the language and print-related ability score (Model 3), the 

mean log odds for transparent items was nearly 0, which corresponds to a probability 

of .50. Thus, for a child who is average in his language and print-related skills, there was 

a 50% chance of correctly answering the transparent items. The mean log odds for 

tensification words were statistically equivalent to the referent (i.e., transparent words), 

and resyllabification words had the lower mean log odds than the referent (i.e., -2.74, 

predicted probability = .06).  No significant interactions occurred between either the 

tensification or resyllabification words and the ability score (p = .055 and p = .326, 

respectively). That is, the predicted probability of spelling words correctly as a function 

of word types did not vary for different ability score in language and print-related skills. 

 Figure 1a represents the predicted probabilities in Model 3, and Table 6 provides 

tests of significance pertaining to pair-wise contrast tests across four-year-old children’s 

latent language and print-related ability range. The probability plots describe the trends 

for the three types of words whereby resyllabification words were consistently low across 

the ability range and both transparent and tensification words had a relatively high 

probability when the ability was above average (i.e., ability score of 0). Significance 

testing showed that differences were observed between transparent and resyllabification 
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words, as well as tensification and resyllabification words across the ability range (p 

< .001). However, no statistical differences were found in predicted probabilities between 

transparent and tensification words. 

 A similar pattern of main effect item response likelihoods was estimated for the 

five-year-old children. Model 1 of Table 5 showed that the mean log odds of correctly 

answering any spelling word was 1.48 (predicted probability = .81). When controlling for 

the word characteristics, the mean log odds for transparent words was 2.47 (predicted 

probability = .92), compared to a fitted mean log odds estimate of 2.92 for tensification 

words (i.e., 2.47 + .45; p = .95), and -0.09 for resyllabification words (i.e., 2.47 + -2.55, p 

<  .001, predicted probability = .48). The inclusion of the latent language and print-related 

ability score in Model 3 produced a pattern of item response rankings similar to the four-

year-old children. One exception was that the interaction between resyllabification words 

and children’s emergent literacy skills were statistically significant (p = .02) such that the 

children’s emergent literacy skills had less effect for the reyllabification words than for 

the transparent words. Figure 1b shows the resyllabification words with the lowest 

probability of correct response across five-year-old children’s language and print-related 

ability continuum, while transparent and tensification words were high above the mean 

ability score. Transparent and tensification words were not significantly differentiated 

from each other (Table 5) at any point in the language and print-related ability score. 

However, both were distinguished from resyllabification words when the ability was the 

sample mean (i.e., ability score of 0, p < .001; Table 6 and Table 5 Model 3) and 1 

standard deviation above the mean (Table 6). 

4. Discussion 
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The primary goal of the present study was to investigate the extent to which 

differences in orthographic transparency among words explain variation in children’s 

performance on spelling.  Results showed that while approximately 60% of variance is 

due to child characteristics, a substantial amount of variance, approximately 40%, is due 

to variation in orthographic transparency among words for young children learning to 

spell in Korean. Inclusion of a comprehensive set of child predictors (i.e., a language and 

print-related latent score) reduced from 32 to 57% of variance in spelling due to 

individual differences among children. Classifying words into three categories (i.e., 

transparent, tensification, and resyllabification) in spelling also reduced 55 and 57% of 

variance due to differences among words for four- and five-year-old children, 

respectively. These results suggest that variation in orthographic transparency among 

words matters for children’s performance in spelling. Although this may not be a new 

observation, the findings of the present study shed new lights by illustrating ways to 

concretely estimate amount of variance attributable to word characteristics, and by 

showing coding words into three categories in the present study can capture a large 

amount of variance attributable to variation among words. Given that data in the present 

study were from a fairly transparent orthography, Korean, the finding that approximately 

40% of total variance is due to variation in words is somewhat surprising. However, due 

to lack of findings from other languages, comparisons cannot be made. It will be 

informative to examine the extent to which variation among words in orthographic 

transparency matters in other languages including English. To our best knowledge, the 

present study is the first to partition the amount of variance due to children and word 

characteristics separately in spelling.  
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Somewhat surprising was the finding that the predicted probabilities of correctly 

spelling transparent words did not differ from those of words that undergo tensification. 

Although predicted probabilities tended to be lower for tensification words particularly 

for four-year-old children who had less exposure to literacy instruction than five-year-old 

children, these differences did not reach statistical significance. These results suggest that 

representing tensified phonemes with graphemes associated with untensified phonemes 

might be acquired relatively early after a year of literacy instruction. However, it is 

possible that factors other than differences in transparency might partially explain these 

results such as differences in word frequency. As noted earlier, we were not able to verify 

that the stimuli were statistically equivalent in terms of frequency although child 

educators noted that the participating children should be familiar with all the words in the 

spelling task. One thing to note about word frequency is that some words might appear 

more difficult and/or less frequent than it is particularly when translated in English. For 

instance, ‘trail’ (㌆₎) in tensification category might not be a high frequency word for 

English-speaking young children. However, ㌆₎ is composed of two morphemes that 

are of high frequency in Korean (㌆ meaning mountain, and ₎ meaning street or path). 

Nonetheless, a future study should replicate the present study by incorporating formal 

word frequency information when available. It will be also informative to include words 

that undergo other types of phonological shifts for a more comprehensive picture about 

the role of word characteristics in probability of spelling words correctly.  

Another notable result is that children’s emergent literacy skills on predicted 

probabilities in spelling had less effect for words involving resyllabification than for 

transparent words for five-year olds. This might be attributed to the fact that the letter-
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sound correspondences are more clearly represented in transparent words, and thus 

children’s emergent literacy skills including phonological awareness and alphabet 

knowledge might facilitate spelling acquisition of transparent words to a larger extent 

than resyllabification words (which are opaque).        

Overall, the findings of the present study confirm that orthographic transparency 

matters in child’s spelling ability even in a fairly transparent orthography. While the 

present study did not have any data on instruction and thus any claims regarding 

instruction cannot be made, the results suggest taking into account word characteristics 

such as orthographic transparency in literacy instruction. While this may not be new for 

some literacy instruction programs in North America, differentiated instruction for words 

that differ in orthographic transparency may need to be considered in early literacy 

instruction in Korean where the whole word approach is dominant and all words are 

uniformly taught by look-say method regardless of word characteristics.   
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Appendix A. Items used in the spelling task  

Korean script Meaning Written 

characters in 

IPA 

Pronunciati

on in IPA 

Orthographically transparent words  

㩫Ⱖ Really, truthfully cț┕.mal cț┕.mal 
╏⁒ Carrot ta┕.kǷn ta┕.kǷn 

Ὃ㧻 Factory kong.ca┕ kong.ca┕ 

㰖 Ring pan.cǹ pan.cǹ 
㌳ṫ   Ginger sǪ┕.ka┕ sǪ┕.ka┕ 

Ịⶒ Building kțn.mul kțn.mul 

㺓ⶎ Window (window + door) tȒa┕.mun tȒa┕.mun 

㏦⳿     Wrist (hand + neck/juncture) son.mok son.mok 

ⶒ Tear (eye + water) nun.mul nun.mul 

╂ Half moon (half + moon) pan.tal pan.tal 

➛䆿 Peanut (earth + bean) tta┕.kho┕ tta┕.kho┕ 

⻢∖ Honey (bee + honey) pțl.kkul pțl.kkul 
Words that undergo tensification 

㌆₎ Trail (mountain + street/path) san.kǹl san.kkǹl 
㌗ Dining table (rice + table) pap.sa┕ pap.ssa┕ 

㑶㰧 Pub, bar (alcohol + house) sul.cǹp sul.ccǹp 

ⶒἶ₆ Fish (water + meat) mul.ko.k ǹ mul.kko.k ǹ 
⼚ケ Starlight  (star + light) pyțl.pǹt pyțl.ppǹt 
⼓☢ Brick (wall + stone) pyțk.tol pyțk.ttol 
Words that undergo resyllabification   

ⲏ㠊㣪 To eat (eat + verb ending) mțk.ț.yo kț.kț.yo 

⏨㧊 Height (high + nominalization) nop.ǹ no.phǹ 
㧧㞚㣪     Small (small + verb ending) cak.a.yo ca.ka.yo 

₎㧊   Length (long + nominalization) kil.ǹ ki.lǹ 
㦢㔳㦚 Food (food + an object marker) Ƿm.Ȓǹk.Ƿl Ƿm.Ȓǹ.kǷl 
ⰱ㧊 Flavor (taste + a subject marker) mat.ǹ ma.Ȓǹ 
㫡㞚㣪 Good (good+ verb ending) cot.a.yo co.a.yo 

㰧㞞 Indoor (house + inside) cǹp.an cǹ.pan 

㠦㍲ Outside (outside + at) pak.Ǫ.sț pa.kkǪ.sț 
㰽㞚㣪 Short (short + verb ending) ccap.a.yo ccal.pa.yo 

㧓㠊㣪 To read (read + verb ending ǹk.ț.yo ǹl.kț.yo 

Ⱔ㞚㣪 many (many + verb ending) man.a.yo ma.na.yo 

Ṩ㧊 Price  (price + subject marker) kap.ǹ kap.Ȓǹ 
Note: A period (.) represents syllable juncture. In Korean, adjectives are inflected like 

verbs (i.e., verb endings are used).  
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Table 1 

Eigenvalue results for dimensionality of Korean component skills 

  Eigenvalues 

Measure 1 2 3 

Syllable Awareness 16.02 2.50 1.37 

Phonemic Awareness 8.41 1.23 0.97 

Letter Knowledge 22.90 4.42 2.12 

Morphological Awareness 12.56 4.67 3.34 

Vocabulary 9.92 3.73 2.41 

Orthographic Awareness 14.85 3.05 2.27 

Spelling 12.78 2.73 1.28 
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Table 2 

Descriptive Statistics, Correlations, and Marginal Reliability of Latent Korean Language, Print-Related Skills, and Spelling Tasks. 

Measure 1 2 3 4 5 6 7 

1. Syllable awareness 1.00 .53 .43 .43 .43 .53 .52 

2. Phonemic awareness .45 1.00 .37 .45 .44 .40 .55 

3. Letter knowledge .53 .46 1.00 .46 .44 .33 .51 

4. Morphological awareness .35 .34 .27 1.00 .64 .39 .50 

5. Vocabulary .46 .24 .43 .42 1.00 .43 .50 

6. Orthographic awareness .52 .23 .52 .43 .53 1.00 .64 

7. Spelling .48 .34 .58 .22 .44 .48 1.00 

Latent Mean -.34 (.41) -.23 (.32) -.23 (.34) -.50 (.58) -.45 (.52) -.40 (.48) -.62 (.64) 

Latent SD .86 (.87) .82 (.87) .90 (1.07) .74 (.81) .86 (.71) .82 (.65) .78 (.90) 

Raw Mean 17.37 

(21.47) 

5.49 

(8.23) 

42.01 

(52.94) 

21.35 

(29.89) 

19.57 

(24.66) 

23.20 

(27.84) 

8.98 

(21.47) 

Raw SD 5.38 

(4.53) 

3.95 

(4.10) 

18.86 

(19.20) 

6.44 

(5.82) 

4.63 

(3.35) 

5.46 

(2.95) 

8.24 

(8.14) 

Marginal Reliability .90 .83 .97 .90 .85 .81 .95 

Note. Above diagonal for correlation matrix is five year olds, below is four year olds. Values in parentheses for mean and standard 

deviation are for five year olds.  
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Table 3 

Measurement Invariance Model Fit Indices. 

Level of Invariance ぬ² df RMSEA CFI TLI 〉ぬ² test 
Non-invariance 32.07 18 0.10 0.95 0.92 

 Configural Invariance 42.02 23 0.10 0.94 0.92 0.075 

Metric Invariance 46.34 23 0.11 0.92 0.90 0.015 

Configural + Metric 61.40 28 0.12 0.89 0.88 <.001 

Configural + Partial Metric 33.00 21 0.08 0.96 0.94 0.801 
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Table 4  

Random Effects for Spelling Outcome by Age.  

          95% Confidence Interval 

Age Model Subject Estimate Std. Error Lower Upper 

4 1 Child 5.63 1.02 4.07 8.33 

  

Item 3.89 1.10 2.39 7.42 

 

2 Child 5.67 1.03 4.09 8.34 

  

Item 1.71 0.52 1.35 4.42 

 

3 Child 3.68 0.70 2.64 5.58 

    Item 1.73 0.52 1.37 4.49 

5 1 Child 5.04 0.97 3.58 7.63 

  

Item 3.14 0.87 1.95 5.88 

 

2 Child 5.07 0.97 3.6 7.67 

  

Item 1.39 0.42 0.9 2.98 

 

3 Child 2.16 0.44 1.51 3.37 

    Item 1.35 0.41 0.88 2.91 
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Table 5 

Fixed Effect Coefficients for Spelling for Four- and Five-Year-Olds. 

Age Model Effect Estimate SE DF t-Value p-Value 

4 1 Intercept -1.92 0.44 30 -4.32 <.001 

 

2 Intercept -0.84 0.47 28 -1.81 0.082 

  

Tensification 0.55 0.67 2610 0.81 0.416 

  

Resyllabification -2.84 0.56 2610 -5.11 <.001 

 

3 Intercept 0.04 0.47 28 0.08 0.934 

  

Tensification 0.75 0.68 2607 1.1 0.270 

  

Resyllabification -2.78 0.56 2607 -4.97 <.001 

  

fscore 2.45 0.44 2607 5.57 <.001 

  

Tensification*fscore 0.67 0.35 2607 1.92 0.055 

  

Resyllabification*fscore 0.37 0.37 2607 0.98 0.326 

5 1 Intercept 1.48 0.41 30 3.56 0.001 

 

2 Intercept 2.47 0.45 28 5.54 <.001 

  

Tensification 0.45 0.63 2340 0.72 0.472 

  

Resyllabification -2.55 0.50 2340 -5.12 <.001 

 

3 Intercept 0.95 0.43 28 2.2 0.036 

  

Tensification 0.43 0.63 2338 0.69 0.491 

  

Resyllabification -2.26 0.51 2338 -4.46 <.001 

  

fscore 4.03 0.50 2338 8.03 <.001 

  

Tensification*fscore 0.27 0.58 2338 0.47 0.638 

    Resyllabification*fscore -1.00 0.42 2338 -2.39 0.017 

Fscore = factor score of language and print-related skills 
 

 

 

 

 

 

 

 



RUNNING HEAD: WORD CHARACTERISTICS AND READING IN KOREAN 

 

31 

 

Table 6 

Contrast Tests for the Spelling Outcome  

    Age 4 Age 5  

Ability Ability  

Mean 

Difference SE t-value p-value 

Mean 

Difference SE t-value p-value 

1 SD below 

the sample 

mean 

Transp-Tensification -0.09 0.72 -0.12 0.901 -0.16 0.91 -0.17 0.862 

Transp-Resyllabification 3.15 0.66 4.80 <.001 1.26 0.72 1.76 0.079 

Tensification-Resyllabification 3.24 0.78 4.17 <.001 1.42 0.92 1.55 0.120 

          

Sample mean Tensification-Resyllabification 3.54 0.69 5.13 <.001 2.69 0.63 4.30 <.001 

          

1 SD above 

the sample 

mean  

Transp-Tensification -1.42 0.81 -1.74 0.081 -0.71 0.80 -0.88 0.377 

Transp-Resyllabification 2.42 0.69 3.51 <.001 3.26 0.58 5.59 <.001 

Tensification-Resyllabification 3.84 0.86 4.49 <.001 3.96 0.78 5.10 <.001 
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Figure  Captions 

Figure 1. Comparison of predicted probabilities as a function of spelling item features 

for a) age 4 and b) age 5 children. Transp =  Transparent; Resy = Resyllabification; Tens 

=  Tensification  
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Figure 1 
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