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ARTICLE INFO ABSTRACT

Keywords: While evidence shows that consonants play a primary role over vowels in reading Roman script, it
Consonant-vowel hypothesis remains unclear whether this primacy extends to reading non-Roman script. This study investigated the
Vowel letters role of vowels in L2 English word reading among native Korean readers. Seventy six Korean- and English-

The Korean script

L2 English speaking adults read words in a naming test. Stimuli included four conditions: lowercase, uppercase,
nglis!

letter strings with no vowels (e.g., cmmn for common), and letter strings with randomly missing letters
(e.g., corct for correct). Overall, the vowel deletion manipulation gave rise to higher accuracy and faster
reading than the random omission condition for the two groups. When the baseline was controlled, the
group and condition variables jointly affected accuracy, but the condition and L1 script are independent
of each other for latency. Results suggest that the consonant letter primacy observed in Roman script may
not fully extend to other alphabetic languages.

1. Introduction

Advanced inquires of reading have focused on the role of vowel and consonant letters in word recognition (Blythe, Johnson,
Liversedge, & Rayner, 2014; Dufabeitia & Carreiras, 2011; Hochmann, Benavides-Varela, Nespor, & Mehler, 2011; New, Araujo, &
Nazzi, 2008; Perea & Lupker, 2004). New insights can be gleaned from examining how readers process segmentals (i.e., consonants
and vowels) in English as a second language (L2) or a foreign language (FL)." This study investigated whether vowel letters func-
tioned differently in English word reading between two groups of readers whose written L1s were a shallow orthography (Korean)
and a deep orthography (English).

1.1. Literature review

While they are the building block for the architecture of language, consonants and vowels seem to function differently in speech processing
and reading. Accordingly, the Consonant-Vowel Hypothesis has been proposed (Bonatti, Pena, Nespor, & Mehler, 2005; Toro, Nespor, Mehler, &
Bonatti, 2008) to address the difference in the role between the two types of segmentals. Bonatti et al. (2005) and Toro et al. (2008) examined
the role of consonants and vowels in continuous speech streams to find that consonants facilitated word identification or lexical processing,
while vowels are tied to prosodic, rule-based, and syntactic awareness. An ERP study also supports a different role of consonants and vowels in
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visual word recognition. Specifically, Carreiras, Vergara, and Perea (2008) have reported, using transposed or substituted two consonants or two
vowels, that a modulation was found at an early window (150-250 ms) and at the N400 component for vowel transposed letter strings but not
for consonant transposed one and that faster processing was found on transposed consonants than substituted consonants. They have concluded
that a different role is played by consonants and vowels in the process of visual word recognition. In addition, utilizing reading aloud and lexical
decision tasks, Carreiras and Price (2008) have found that brain activation for consonants and vowels differs such that consonants are associated
with lexico-semantic processing, while vowels are related to prosodic processing. These are consistent with the findings of research by Bonatti
et al. (2005) and Toro et al. (2008).

Research shows that consonants and vowels play an asymmetrical role in visual word recognition and naming. For example,
results converge on shorter lexical decision time for words preceded by transposed consonant letters (e.g., caniso - CASINO) than
substituted consonants (e.g, carivo - CASINO) in masked priming tasks. However, this effect has been documented only for consonant
letters but not for vowel letters (e.g., anamil — ANIMAL or anomel — ANIMAL) in Roman orthographies such as Spanish and English
(Lupker, Perea, & Davis, 2008; Perea & Lupker, 2004). New et al. (2008) demonstrated that consonants played a more dominant role
than vowels in native French speakers’ lexical processing. They used four different primes in a masked-priming lexical decision task,
including identity (e.g., joli vs. joli), unrelated (e.g., joli vs. vabu), consonant-related (e.g., joli vs. jalu), and vowel-related (e.g., joli vs.
vobi) conditions, and found that the identity and consonant-related conditions showed significant priming effects, but not the vowel-
related condition. Research also highlights the saliency of consonants in lexical activation and processing found in both children and
adults (Havy, Serres, & Nazzi, 2014) and even in infants (Hochmann et al., 2011). The same pattern has been found in both speech
stream and reading in French (Bonatti et al., 2005). Collectively, results suggest that consonant and vowel letters make unique
contributions to word reading and that consonant letters play a stronger role within deep orthographies.

The saliency of consonants has also been found in studies of letter positions in words. Letter position effects are dependent on whether the
prime is a string of vowels or consonants. For example, Dunabeitia and Carreiras (2011) have investigated the relative position priming effects,
using subset primes of vowel-only and consonant-only letter strings [e.g., aeo-acero (Spanish for steel) vs. frl-farol (Spanish for lantern)]. They
have found that the priming effect is significant only with consonant string primes, not with vowel primes (Experiment 1) with no effect of letter
frequency (Experiment 2) and no effect of phonology (Experiment 3). Their Experiments 4 and 5 showed consistent findings of the consonant
primacy using both repeated vowel and consonant primes. They argue that consonants and vowels play a different functional role in word
processing wherein consonants place orthographic constraints in the lexicon, while vowels facilitate the identification of the “properties of the
syntactic structure and the rhythmic class” (Dunabeitia & Carreiras, 2011, p. 1145). Dunabeitia and Carreiras (2011) have concluded that the
significant role of subset primes of consonants is attributable to the greater number of consonants than vowels in most alphabetic languages and
scripts as well as the degree of the consonantal constraints placed on the lexicon.

Research has been expanded to scripts other than Roman alphabets in the role of segmentals in word recognition. For example,
the processing asymmetry of consonants and vowels has been examined in Thai (Winskel & Perea, 2013), which is a tonal language
with a complex deep orthography and relational markers. Specifically, Winskel and Perea (2013) conducted an eye movement study
in Thai and found nonadjacent transposed-letter effects in gaze duration for consonants but not for vowels. They concluded that the
distinction between consonants and vowels does not occur at the initial level of processing but at the later stage of processing.

Writing systems of Semitic languages (a.k.a., abjads) such as Arabic and Hebrew also provide a unique perspective on segmental
processing due to their consonant-dominant scripts, which make use of a limited inventory of vowel diacritics. Frost (1995) found
that the latency of lexical decision was unaffected by missing-vowel stimuli in words. It seems that vowel-absent strings in Hebrew
are as legible as vowel-present Hebrew words in efficient reading. In Arabic, most words are written in consonants only in texts, while
vowels are notated mainly in poetry, children's books, and liturgical texts as diacritical marks above, below, or within the body of the
word (Ibrahim, 2013). Ibrahim (2013) has noted that vowelized scripts are orthographically shallow because the mapping between
letters and sounds is consistent, whereas unvowelized scripts are considered to be orthographically deep because the relationship
between graphemes and phonemes is inconsistent. These studies were in line with the notion of a less salient role of vowels than
consonants in reading. Although Abu-Rabia (1997) has claimed that vowels play an important role in reading among poor and skilled
native Arabic readers, other research indicates that unvowelized words may be processed quicker and more accurately than vo-
welized-words among Arabic speaking individuals (Ibrahim, 2013). Taken together, research suggests that consonants and vowels are
processed differently across orthographies and that cross-linguistic investigations may be in need to corroborate the dominant role of
consonants in reading in Roman script. In the extant literature, discussion on the role of vowels has been comparatively silent. It is
unclear whether the asymmetry of consonants and vowels has something to do with the observed consonant dominancy.

L1 influences on L2 performance have been well documented in word recognition (Akamatsu, 2003; Hamada & Koda, 2008; Wang, Koda, &
Perfetti, 2003), which is consistent with the idea that linguistic skills are fluid and transferable. Research has demonstrated that nonnative
speakers with different L1 script backgrounds (i.e., alphabetic vs. nonalphabetic) make use of different constituents of words (i.e., phonology,
orthography, and morphology). For example, Wang et al. (2003) show that Chinese adult readers are more likely to rely on orthographic
information than phonological structures, while Korean counterparts exhibit the opposite preference. Such results may stem from the fact that
Chinese is primarily a logography whereas Korean is a phonetic alphabetic language. Hamada and Koda (2008) have also shown the effect of L1
(Chinese and Korean) orthographic experience on L2 (English) decoding in a pseudoword naming task. They found Koreans’ higher retention
rate on overall recall tasks than Chinese counterparts but their more difficulties with irregular pseudowords than regular ones. They attributed
the difference in performance between Chinese and Korean adult participants on accuracy and response time (RT) to the influence of L1
orthography on L2 reading. Akamatsu (2003) also found effects of L1 orthography on L2 English reading among different L1 groups of readers
(i.e., Iranian, Chinese, and Japanese). These types of results strengthen an argument that cross-linguistic investigations may shed unique light on
segmental processing.
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1.2. The present study

To date, no study has examined the differential role of segmentals among Korean readers, although much attention has given to
readers of other Roman scripts such as English (Cutler, Sebastian-Galles, Soler-Vilageliu, & van Ooijen, 2000), French (Bonatti et al.,
2005; Havy et al., 2014), Dutch (Van Ooijen, 1996), Italian (Colombo, Zorzi, Cubelli, & Brivio, 2003), and Spanish (Cutler et al.,
2000). A study with native Korean speakers bears significant implications due to the Korean script Hangul's unique characteristics that
it is alphabetic and shows a salient syllabic configuration. The Korean language and script have unique features in several ways.” Of
those, three features are conspicuously related to this study: (1) the distribution of consonant and vowel letters, (2) clear mapping
between graphemes and phonetic sounds, and (3) the dominance of a vowel in a syllable with no onset and medial consonant clusters
in words.

Regarding the first feature, Korean has more vowel letters (21 vowels) than consonant letters (19 consonants) in its writing
system. The greater number of vowels than consonants is different from that of most other writing systems (except Swedish that has
18 consonant phonemes and 18 vowel phonemes) that have more consonants than vowels in the inventories of both phonemes and
letters. The larger number of vowel letters than consonant letters reinforces vowel centrality in a Hangul syllable in which vowels play
a chief role in the formation of syllables. In written Korean, the shape of the vowel determines whether the format of the syllable is a
top-down or left-to-right format (i.e., top-down, F; left-to-right, 7}). Therefore, the presence and place of the vowel are crucial in the
syllablic structure of the Korean script.

Regarding the second feature, the full inventory of phonemes clearly accords with that of the letters in Korean®; consequently,
there is no need to have phonetic symbols (e.g., IPA symbols) to represent phonemes or to look up the dictionary for correct
pronunciation. This is different from English. In English, the phonetic inventory is larger than that of the letters; thus, some consonant
and vowel sounds do not appear in the alphabet inventory (e.g., [tf, {, 8, 6, d3, 3, n] for consonantal sounds and [3, @, 9, 4, 2, etc.] for
vowel sounds). Besides, there are letters that are not included in the phonetic inventory (i.e., ¢, g, and x).

Regarding the third feature, the Korean alphabet does not permit consonants to stand alone or to be clustered without vowels.*
Consonants are literally called “the sound made by touching another” (2' & 2l; i.e., dependent sound), which means that consonants
can make sounds only when the tongue makes direct contact with another vocal organ (e.g., teeth, palate, etc.) or that a consonant is
required to be combined with a vowel so that the sound value of the consonant becomes robust. This is different from English in
which consonant clusters are acceptable and each consonant within the cluster can be sounded out (e.g., strong —/s/+ /t/+ /t/+/32/
+/1/). Given that vowels can make sounds without making contact with other vocal organs by relying on air flow with no contriction
in the vocal track, such sounds are dubbed the “independent sound” (&4 2). In this sense, the Korean words for “consonants” and
“yowels” not only literally reflect the articulatory characteristics of each segmental well,” but also signify Hangul's syllabic feature.

The English writing system is governed by the graphotactic rule of legal or illegal consonant combinatorial chunks (e.g., dhr-is
illegal, while chr-is legal); therefore, proficient native English readers intuitively know the legality of consonant chunks. One im-
portant question is whether L2 readers are able to make use of the graphotactic rules of consonants psychologically or unconsciously as
a result of prolonged literacy experience when they read English as L2. If the answer is positive, it may support the universality of
reading processes involved in L1 and L2. If not, we can conjecture that L1 has meaningful effects on L2 reading. Another question is
related to the potential generalization of the consonant primacy to readers of a vowel-centered script. One way to test how readers
make use of the English graphotactic rule is to have L2 readers whose L1 has a different orthography and syllabic format read English
as L2 with various letter combinations. Because shallow orthographies do not generally allow for strings of multiple consonants or
vowels within the word, readers with an orthography that does not subscribe to strings of multiple consonants or vowels within the
word may experience greater disruption in letter strings with missing letters either systematically or randomly than individuals with a
deep L1 orthography. Under this reasoning, a study that tests nonnative speakers’ L2 English word processing with purposefully
designed experimental items would be useful, drawing on the Consonant-Vowel Hypothesis (Hochmann et al., 2011) and L1 or-
thographic effects on L2 reading (Akamatsu, 2003; Hamada & Koda, 2008; Wang et al., 2003).

The aforementioned idiosyncracies of the Korean script warrant a cross-linguistic study in terms of the role of vowels because it is
still unknown whether the effect of the large vowel repertoire and vowel centrality in L1 Korean is carried over to L2 English word
reading. Hence, it would be important to compare performance patterns between native Korean and English readers whose L1s have
different orthographies, vowel inventories, and vowel positions from each other.

Building upon the Vowel-Consonant Hypothesis (Bonatti et al., 2005; New et al., 2008; Toro et al., 2008), this study investigated
how Korean- and English-speaking university students read words and manipulated letter strings in English that either lacked vowels
altogether or consisted of randomly missing letters. Examining L2 reading will provide meaningful information as to whether the
Vowel-Consonant Hypothesis is supported or other variables, such as word class and frequency, come into play in L2 reading.
Lowercase words served as a comparison condition while the manipulated letter strings served as experimental conditions. The
performance of native Korean readers on uppercase words would explain an unfamiliarity effect given that uppercase texts are rarely

2 Because the characteristics of the Korean language and script have been extensively discussed elsewhere, general information about Korean is not provided in this
article Pae (2011, in press).

3 There are some sound variations, such as vowel harmony and palatalization between syllables, but these are beyond the scope of the given discussion.

“ This is in part why Korean children are first taught with syllables, not with individual consonants and vowels, which is different from the way English is first
earned by emergent readers.

S Hangul vowels were devised by King Sejong in the 15th century based on philosophical reasoning to represent heaven, earth, and human, while consonants were
created to represent the manner and place of articulation (see Pae, in press).
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used in Korea. Based on previous findings of L1 effects (Akamatsu, 2003; Hamada & Koda, 2008; Wang et al., 2003), we globally
hypothesized that the two groups would perform differently on the experimental conditions (i.e., letter strings with no vowels and
letter strings with randomly missing letters), while they perform similiarly on the reference condition (i.e., lowercases). Specific
hypotheses are as follows:

Hypothesis 1. Native Korean students would read typically printed words similarly to native English readers, regardless of cases (i.e.,
lowercase or uppercase).

We hypothesized this because the stimuli were drawn from the list of sight words for third graders (Fry, 2004) to ensure that all
words were to be read without laborious decoding efforts and because the Korean participants were university students who had
made a cut in the enterance exam in Korea. In other words, this hypothesis was posed as an instrumental premise to further address
the specific aims of this study (i.e., Hypothesis 2 and 3). Uppercase words were included to see whether or not the unfamiliar case
format have an effect on reading.®

Hypothesis 2. Native Korean students would be more error-prone than English readers in letter strings that had missing vowels.

We hypothesized this because the Korean writing system has a very clear combinatorial rule in that a vowel is central in a Hangul
syllable and that a consonant should be glued together with a vowel to the degree that consonant clusters are not permitted in a word.
This strict syllabic principle (i.e., a consonant should be accompanied by a vowel which is different from English in which consonant
strings are permissible) might lead Korean readers to develop a strong sensitivity to syllables in word identification. Hence, due to L1
effects, the absense of vowels in words might disrupt the “psychological” graphotactic rule in English for Korean readers more than
native English readers. It should be noted that the group difference was of interest for this hypothesis. Given the essential difference
betweent the two groups with one in L1 and the other in L2, accuracy was regarded as a primary index of reading skills to address this
hypothesis. Latency was additionally examined.

Hypothesis 3. The disruption experienced by native Korean readers with randomly omitted letter strings would be comparable to
that by native English readers, when the baseline is controlled.

The condition of random omission would break the graphotactic rule to the degree that it would disturb any reader's reading,
regardless of L1 or L2 due to no predictability of letter neighborhood cohesion and the greater degree of freedom for possible letter
combinations with the given stimulus. Therefore, we hypothesized that the difference in accuracy and latency between the two
groups would be similar, when their L1 and L2 status was taken into consideration (i.e., controlling for the baseline). If this was true,
the results would additionally support Hypothesis 2.

2. Methods
2.1. Participants

Seventy six college students were recruited from Pusan National University in South Korea and the University of Cincinnati in the U.S.
The mean age of the Korean participants (N = 38) was 22.26 years (SD = 3.07; Male: N = 21, 55%; Female: N = 17, 45%), while that of
the English-speaking group (N = 38) was 19.5 years (SD = 1.13; Male: N = 3, 8%); Female: N = 35, 92%). They had normal or corrected-
to-normal vision. The Korean participants reported that they had studied English in the official school system for 12 years (SD = 2 years).
Their self-reported reading skills’” were at 5.6 (SD = 1.64) on a 10-point Likert scale with 10 to be native-like skills.

2.2. Procedure

Upon granting consent, the participant was individually administered a computer-based naming test in a quiet room. The student was asked
to read out loud a base word of a letter string (i.e., missing vowels or missing random letters) as quickly and accurately as possible. After the
participant completed six practice items, each target item was presented on the computer screen, following a fixation point (+) presented for
500 ms, until the participant read the word. All items were randomly scrambled for each presentation. The stimulus was set to time out after 4 s,
but all participants read the target words within the time limit. Accuracy and reading time (RT) were the dependent variables. RT was measured
by a tester's button press in the keyboard upon the participant's naming. This method has been used in the behavioral science literature (Lee &
Hwang, 2015; Kumar et al., 2010). Moreover, measuring naming time upon the completion of the examinee's articulation is typical in timed
tests, such as the Rapid Automatized Naming and Rapid Alternating Stimulus Tests (RAN/RAS; Wolf & Denckla, 2005) and rapid color, object,
digit, and letter naming subtests of the Comprehensive Test of Phonological processing (Wagner, Torgesen, & Rashotte, 1999). Latency was
operationalized as a time interval between the appearance of the stimulus on the computer screen and the end of response. A pilot study showed
that L2 readers often made repetitions (e.g., tra ... travel, be ... behind) of syllables, dragging sounds (e.g., beeeehind, cirrrrcle), or self-corrections
(e.g., come on ... common for cmmn), which were considered correct if the final utterance was correct. In order to reflect these deviations in

© Uppercase-only texts in English are almost nonexistent and are rarely used in any circumstances in Korea.

7 Given that (1) there is no standardized word reading test available for adult nonnative speakers of Korean and (2) the test materials are drawn from Fry's sight-
word lists for third graders, it is safe to note that a lack of standardized proficiency test is not a critical issue for this study. Importantly, the baseline data (i.e., accuracy
of lowercase) demonstrated the Korean participants' perfect accuracy in reading English words.
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latency, the measurement of spoken onset times was not utilized in this study. If voicebox were used for onset-time measurement, it would have
been prematurely triggered.

2.3. Measure

A computer-based naming test using E-Prime included 40 items and 20 distractors (see Appendix). All stimuli were drawn from
Fry's third-grade sight words (Fry, 2004). The list of high frequency sight-words for third graders was used because the participant
should easily read the target on the computer screen without difficulty. In order to confirm this, lexical frequency was obtained using
the MCWord database (Medler & Binder, 2005) which provides orthographic information about English words, including lexical
(word frequency and neighborhood counts) and sublexical (letter and letter combination) data.

Words drawn from the sight-word list for this study® were initially assigned into four conditions: (1) lowercase sight-words with no missing
letters, (2) uppercase sight-words with no missing letters, (3) lowercase letter strings without vowels, and (4) lowercase letter strings that had
randomly missing letters from the base word. The last two categories served as experimental conditions. The numbers of letters, vowels, and
syllables were matched across the conditions. The condition with no vowels was constructed by simply deleting all vowels from the base word
(e.g., the word “common” became “cmmn”). The condition with random letter omission was formed by deleting letters as the number of syllables
within the base word. For example, given that the words “correct” and “became” have two syllables, two letters were randomly deleted,
regardless of consonants or vowels, from the base word, resulting in “corct” and “bcae,” respectively. In the construction of the random-ommision
items, the first and last letters were kept intact given that (1) previous studies showed a more dominant role of the onset and ending letters in
word recogntion than medial letters (Johnson & Eisler, 2012) and (2) the first and last letters provide the minimum phonotactic rule; hence only
internal letters were subjected to be randomly deleted.

It was ensured that the four conditions had similar word length (i.e., the number of letters in the base word) by having four to nine
letters in length in each base word. This decision was based on empirical evidence. Specifically, a meta-analysis shows that words that
have five to eight letters have no word-length effects on RT in lexical decision (New, Ferrand, Pallier, & Brysbaert, 2006). New et al.
(2006) note that a large corpus of data including the wide range of word lengths demonstrates a U-shaped curve of RTs when the
effects of frequency and neighborhood size are controlled, showing that words of three to five letters have a facilitatory effect (i.e.,
shorter words associated with shorter RTs); words of five to eight letters have no effect (i.e., RTs are independent of lengths for words
of five to eight letters); and words of eight to 13 letters have an inhibitory effect (i.e., longer words associated with longer RTs).

3. Results
3.1. Preliminary analysis

Scatter plots and outliers were visually examined to screen data. No atypical data points were found. The experimental condition
was letter strings with no vowels as well as letter strings with randomly missing letters within the word, whereas the baseline
condition was the lowercase stimuli. The participants’ accuracy rate and reading time showed a wide variability, which allowed the
dataset to be free from the problem of restricted ranges of data.

In order to ensure that the two groups’ accuracy and reading latency were independent of spurious variables, word class (a.k.a.,
part-of-speech) and frequency among the baseline words across the conditions were first examined. The entire pool of the stimuli
consisted of nouns (50%), verbs (17.5%; travel was considered a verb due to higher frequency of use than as a noun), adjectives
(12.5%), prepositions (10%), adverbs (5%), pronouns (2.5%), and conjunction (1.5%; until was viewed as a conjunction due to higher
frequency of use than as a preposition). For those with no vowels, nouns comprised the largest proportion (40%) in the pool, followed
by verbs (20%), adjectives (20%), pronoun (10%), and prepositions (10%). For those with randomly missing letters, nouns comprised
of 50% of the stimuli, followed by verbs (40%) and adjectives (10%).

Word frequency obtained from the MCWord database (Medler & Binder, 2005) showed no significant difference among the
conditions (p > .05). The mean number of syllables in the base word for the entire set of the stimuli was 1.97 (SD = .41), while the
mean of letters in the base word was 5.32 (SD = 2.61). The breakdown of the number of letters by condition was as follows:
Lowercase: 6.5 (SD = 1.58), Uppercase: 6.1 (SD = 1.66), Vowel omission: 6.40 (SD = .52), and Random omission: 6.90 (SD = .32).
As expected, the word length was not different among the four conditions (p > .05). The results of these analyses confirmed that the
stimuli were well matched for the different conditions in terms of word frequency and length.

3.2. Hypothesis testing

Hypothesis 1 was to examine the comparability of performance of native Korean and English readers to further test Hypotheses 2
and 3. The means of accuracy rate and latency as well as standard deviations by group are presented in Table 1. With respect to a
group difference in accuracy, the Korean- and English-speaking groups did not show a significant difference in naming words of
lowercase and uppercase words. Importantly, both groups showed 100% accuracy’ in the performance on the lowercases, as

8 This study is part of a larger study and the items were selected to address the aim of this study.
2 This confirmed that the Korean participants' word reading skills were on par with those of the native English speakers and that an English proficiency test was
unnecessary for the Korean participants in this study.
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Table 1
Means and standard deviations of accuracy (%) and latency (ms.).

Accuracy Rate (%)

Korean (N = 38) t English (N = 38)

Mean SD Mean SD
Lowercase 100 0 N/A 100 0
Uppercase 99.47 3.24 ns 100 0
Vowel Omission 88.68 9.91 g 96.58 5.82
Random Omission 68.16 14.30 —4.99%** 82.11 9.63
Vowel Omission Interference Effect 11.32 9.91 —4.23%** 3.42 5.83
Random Omission Interference Effect 31.84 14.30 —4.99%** 17.89 9.63
RT (ms)

Korean (N = 38) t English (N = 38)

Mean SD Mean SD
Lowercase 1310.86 300.23 5.39%** 987.56 203.20
Uppercase 1542.18 455.87 9.95%** 955.31 198.44
Vowel Omission 1723.51 447.17 6.97*** 1162.48 215.09
Random Omission 1920.39 477.34 5.53%** 1362.63 399.17
Vowel Omission RT Effect 412.65 423.80 3.34%* 174.92 151.66
Random Omission RT Effect 609.53 950.24 ns 375.07 724.35

Note: SD = standard deviation.

N/A = not available; t could not be computed because the SD of the both groups were 0.
ns = not significant.
*p < .05; **p < .01;

‘p < .001.

expected. The accuracy performance on the uppercase words was close to perpection (99.47%) among the Korean readers, while the
native English readers showed 100% accuracy in the uppercase words. Regarding performance difference within the group, there was
no difference in accuracy between lowercases and uppercases for both groups of native Korean and English readers. This result
demonstrated that unfamiliarity effects with the uppercase words were not found in the Korean participants in terms of accuracy.

With respect to a group difference in latency, the Korean- and English-speaking groups showed a significant difference in the lowercase and
uppercase words (see Table 1), indicating that Koreans read both cases significantly slowly. Regarding the performance difference within the
group, there was a significant difference in latency between lowercases and uppercases for the native Korean readers (1(37) = —4.12,
p < .001), whereas there was no difference for the native English readers. The Korean participants might have read the uppercase words
comparatively slowly simply due to the lack of exposure, despite the near-perfect accuracy of reading. A question may arise as to whether a
difference in latency but not in accuracy should be considered a group difference or not. Given that standardized timed and untimed reading
measures, such as the Test of Word Reading Efficiency, the Gray Oral Reading Test, and the Woodcock-Johnson Achievement Test, assess
accuracy of reading and that reading fluency or skills are a confluence of accuracy and reading speed, accuracy can be considered one of major
skills of reading. Furthermore, this study was focused more on observed performance than mental processes or operations, which is different
from the point of interest in priming lexical decision tests.

Since both groups showed 100% accuarcy in reading the lowercase words, only performance on lowercases was used as a baseline
for comparison. This result provided good baseline data for further comparisons to the results of the manipulated stimuli in which
vowels or random letters were omitted. As globally hypothesized, while no significant group difference was found in reading accuracy
in the lowercase and uppercase words, there was a significant difference between the two groups in accuracy of reading stimuli with
no vowels (t(74) = —4.23, p < .001) and between the two groups in letters randomly missing within the word ({(74) = —4.99,
p < .001). Notably, the group difference was of interest of analysis here rather than a comprarison between the vowel missing and
random missing conditions because these two conditions had inherent differences in terms of the lack of predictability and im-
palusibility in the letter neighborhood within the stimuli in the random-missing condition. In other words, the vowel missing stimulus
still preserves the graphotactic rule to the degree that readers take advantage of consonant strings of the stimulus. As a result, it might
not be reasonable to directly compare the performance on the conditions without controlling for the baseline.

In order to have omnibus tests and contrasts and to avoid problems of multiple comparisons'®, Hypotheses 2 and 3 were examined
simultaneously. A repeated measures ANOVA was run with a 2 (groups) x 3 (conditions) design as a way of testing significance among all

10 The reason for not running separate analyses for subjects and items was due to the fact that the focus was placed on the group difference. There has been criticism
raised on separate subject and item analyses because of drawbacks involved in separate analysis [e.g., statistical power can be reduced due in part to repeated
observations within the subject; different levels of data points (i.e., continuous variables for RT and dichotomous for accuracy) are involved]. Raaijmakers,
Schrijnemakers, and Gremmen (1999) has noted that it might be unnecessary to run separate analyses because the traditional F statistics tend to be adequate and
sufficient in most cases, and that it is particularly unnecessary “when item variability is controlled by matching” (p. 416), which is the case of the current study.

87



H.K. Pae et al. Journal of Neurolinguistics 50 (2019) 82-93

variable means as well as equality of their variances with the two groups as the between-subject factor and the three conditions (i.e., lowercase
words,'" letter strings with no vowels, and letter strings with randomly missing letters) as the within-subject factors. With respect to accuracy,
the result of the multivariate test was significant (F(2, 73) = 157.04, p < .001, 5,> = .81). The interaction between condition and group was
also significant (F(2, 73) = 15.57, p < .001, npz =.30). Mauchly's test showed that the assumption of sphericity (i.e., the variances of the
differences among all combinations of the three conditions are not different) was violated: ? (2) = 16.18, p < .001, & > .86. Hence, a degree-
of-freedom corrected model was adopted using the Huynh-Feldt correction instead of Greenhouse-Geisser. The results with a Huynh-Feldt
correction showed that there was a significant main effect of the three letter conditions on the accuracy: Corrected F(1.73, 127.67) = 208.38,
p < .001, 7,> = .74. This meant that if all other variables were held constant, the accuracy rate was different for the three conditions. Post-hoc
tests using a Bonferroni correction demonstrated that vowel-deleted and random-letter-deleted manipulations significantly reduced the accuracy
of naming. There was a significant interaction effect (F(1.73, 127.67) = 15.62, p < .001, 5,> = .17), indicating that the two groups' accuracy
rates were different for the three conditions. The between-subject results showed a significant difference (F(1, 74) = 31.56, p < .001,
1> = .30), indicating that Korean readers made more errors in both vowel-deleted and random-letter-deleted conditions than native English
speakers.

As for RT, a repeated measures ANOVA was also performed. The multivariate test for the main effect of the conditions was significant (F(2,
73) = 5855, p < .001, 5,> = .62). The interaction effect between condition and group was also significant (F(2, 73) = 6.12, p < .01,
”pz = .14). The assumption of sphericity was not met, as showen by the Mauchly's test () (2) = 7.02, p < .05), indicating the inequality of
variances of the differences among the conditons. Therefore, a degree-of-freedom corrected model was adopted using the Huynh-Feldt F
statistics for the test of within subjects effects because € = .95. The test of within-subjects effects showed a significant main effect of conditions
(F(1.90, 140.73) = 64.23,p < .001, r/pz = .47), indicating that reading time was significantly affected by the conditions and was different for
typical, vowel-ommitted, and randomly-omitted letters, if all other variables were ignored. There was a significant interaction effect (F(1.90,
140.73) = 5.18,p < .01, npz =.07), indicating that reading time between the groups was different for the three conditions (i.e., lowercase,
letter clusters with no vowels, and letter clusters with randomly missing letters). The pairwise comparison between-subject results based on the
estimated maginal means showed a significant difference: F(1, 74) = 54.57, p < .001, 5,> = .42. All pairwise comparisons of the conditions
(i.e., lowercase vs. vowel ommision; lowercase vs. random omission; vowel omission vs. random omission) were significant at the .001 level
with the multivariate test statistics of F(2, 73) = 58.55, p < .001, 5,> = .62.

As indicated earlier, the two groups were fundamentally different with one with English as L1 and the other as L2. Therefore, an ANCOVA
was performed as a way of controlling for an inherently possible response bias for the Korean group and reducing the effects of variables that
might have changed the relationship with the dependent variables of accuracy and latency. In other words, the baseline data (i.e., perfor-
mance on lowercases) were used as a covariate in the ANCOVA to control for initial group differences in reading latency in order to improve
precision and to compensate for the lack of balance in performance between the two groups because the L2 status was expected to influence
the dependent variable (i.e., latency) to be analyzed. Regarding accuracy, when the lowercase data were controlled, the multivariate tests and
tests of within-subject effects showed a nonsignificant difference for the main effect and the interaction effect between condition and the
covariate in terms of accuracy. However, there was a significant interaction between condition and group for accuracy: F(1, 74) = 4.89,
p < .05, > = .06, indicating that reading accuracy was affected by the manipulation and that the Korean group was more disrupted than
the English group. Since two conditions were entered into the model with the covariate, sphericity was assumed to be met. The pairwise
comparison between the two groups based on the estimated marginal means showed a significant effect of the group (F(1, 74) = 31.56,
p < .001, 7,> = .30). The multivariate effects of condition through pairwise comparisons between the vowel deletion and random deletion
conditions with the covraiate showed a significant difference (F(1, 74) = 168.58, p < .001, r]pz = .69), indicating that vowel deletion was
easier to read than random deletion.

In order to visually examine the interaction between group and condition, the means for each condition by group were plotted, adjusting for
the baseline. Fig. 1 shows that there were simple effects of the conditions on the two groups with the vowel omission leading to higher accuracy
than the random omission. However, the change between the vowel deletion and random deletion was signifiantly greater for the Korean group
than the English group (F(1, 74) = 4.89, p < .05, 11p2 =.06) and the difference between the two conditions was slightly attenuated for the
English group. We could conclude that the readers’ accuracy was dependent on the deletion type and that the distance between vowel omission
and random omission in accuracy was greater for the Korean group than the English group.

As for reading latency, when the lowercase latency was controlled, the multivariate test and within-subject tests showed a
nonsignificant difference for the two groups. Specifically, the main effects and interaction effects were not significant in the mul-
tivariate tests, tests of within-subject effects, and tests of within-subject contrasts. The test of between-subject effects was significant
for the covariate (i.e., lowercase latency) and for the group: F(1, 73) = 22.89, p < .001, npz = .24) for the covariate and F(1,
73) = 18.17,p < .001, npz = .20 for the group. The test of group effects based on the linearly independent pairwise comparisons
among the estimated marginal means showed a significant difference, indicating that the English group read faster than the Korean
group: F(1, 73) = 18.17,p < .001, ,> = .20. For pairwise comparisons for the conditions also showed a significant difference: F(1,
73) = 19.07,p < .001, ;1P2 = .21, indicating that the random deletion manipulation was more disruptive for both groups.

In order to see whether the conditions had a differential effect depending on the L1 script, interactions were examined. Fig. 2
shows the plots of the interaction term using the means for each level of factors. This contrast showed a nonsignificant inter-
action effect. This means that, although the English readers read faster than the Korean readers and vowel deletion was read
faster than random deletion, regardless of L1 scripts, the decrease in speed seen in the random manipulation was not different

11 Because native Koreans were not accustomed to reading all uppercase texts because all uppercase texts are rarely used in Korea, the data of uppercases were not
used for comparison.
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from that in the vowel manipulation. We could conclude that the reading speed due to the manipulation was not affected by the
grouping variable.

4. Discussion

This study compared native Korean readers to native English readers on a task that involved reading aloud letter strings with no vowels and
randomly deleted letters. The approach to vowel omission effects was an indirect way to cross-examine the role of consonants in reading. It was
an indirect way because the deletion manipulation was different from methods used previously in the literature. However, it was worth the
examination of the vowel importance in reading especially with Korean readers whose L1 had unique characteristics. Given that the participants
were able to accurately read the letter strings that had missing vowels to a great extent, performance on the experimental items appeared to be
affected by knowledge of the base word. These results suggest that knowledge of whole words seem to be critical in efficient reading. In general,
our hypotheses were partially supported and are discussed briefly below.

Our first hypothesis was that native Korean students would read typically printed words similarly to native English readers. The two groups
performed similarly on the typically printed words (e.g., lowercases and uppercases) in terms of accuracy. This indicates that once a threshold
for L2 reading is reached, nonnative speakers' efficiency of word identification in L2 may be comparable to that of native speakers with respect
to accuracy. This allowed us to rule out the possibility that the Korean participants' English proficiency could have an artificial effect. The
reading latency was different between the two groups without taking L1 and L2 status into consideration. Reading latency could be considered
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less crucial to address Hypothesis 1 due to the inherently different L1 versus L2 performance of the readers. Although the strength of L1
linguistic skills is likely to be denser than that of L2, it is still unclear whether the difference in latency between the two groups was resulted from
the readers' L1 and L2. No difference in accuracy found in the result for Hypothesis 1 provided at least the feasibility of the comparisons of the
two groups’ performance on accuracy for the specific aims addressed in Hypotheses 2 and 3.

The second hypothesis, which was that native Korean students would be more error-prone than English readers in naming letter
strings that lacked vowels, was largely supported. Of interest was a group difference for this hypothesis given that the primary
objective of this study was to find the presence of L1 script effects for the Korean readers. A significant difference in both accuracy
and latency was found between the two groups in the vowel-deleted stimuli with the Korean participants to be more error-prone than
their English-speaking counterpart. The results of an ANCOVA in accuracy with the baseline as a covariate showed a significant
interaction effect indicating the distance between the vowel and random manipulation conditions was significantly greater for the
Korean group than the English group. The ANCOVA showed that a significant between-subject effect in latency, meaning that the two
groups read the stimuli significantly differently, when the lowercase reading latency was controlled.

This finding may paint a little different picture than the Consonant-Vowel Hypothesis (Hochmann et al., 2011). Although the
approach of this study was different from the standard method used in the existing literature, the manipulation of vowel deletion
yielded consonant-only strings. Accordingly, the results open up a discussion on whether the consonant primacy is script-universal or
script-specific. Previous research has converged on the consonant primacy in alphabetic languages such as Spanish, French, and
English (Blythe et al., 2014; Dufabeitia & Carreiras, 2011; Hochmann et al., 2011; New et al., 2008; Perea & Lupker, 2004). In
English, the consonant advantage may be attributable to the linguistic feature that consonant letter clusters are permitted. With
consonant clusters, native English speakers might have developed an implicit understanding that a consonant does not have to couple
with a vowel; consequently, readers become tolerant of consonant strings. Conversely, the Korean writing system does not subscribe
to consonant clusters except the limited number of ending digraphs. Moreover, vowels are the key ingredient of a syllable in written
Korean. Furthermore, as vowels dictate the way syllables are formed (i.e., top-down or left-to-right), the absence of vowels in the
word makes the print illegible because of too many degrees of freedom involved in the permissible vowels to form a plausible syllable.
Although it has not been pointed out in the literature, another explanation of the consonant primacy in reading English words would
be the visual characteristics of consonants, such as ascenders and descenders. There are eight ascenders (i.e., b, d, f, h, i, k, , and ¢t),
four descenders (i.e., g p, q, and y), and one ascender-descender (i.e., j) in the inventory of the English alphabets. These visual
characteristics may be closely related to more distinctive legibility of consonant strings (e.g., vsl chrctrstics; key: visual characteristics)
than vowel strings (e.g., iua aaeii; key: visual characteristics). However, this feature is nonexistent in Korean.

The third hypothesis was that letter strings with randomly missing letters would disrupt both native Korean and English speakers similarly. A
contrast between the experimental vowel and random manipulations was of more interest to address this hypothesis. This hypothesis was posed
in order to supplement the result of Hypothesis 2. If randomly missing letters are equally difficult to read for both groups because of the lack of
graphotactic properties in the manipulation, the significant difference found in reading vowel missing letters could be highlighted. Due to the
essential difference between the two groups in terms of L1 and L2, the baseline was controlled in an ANCOVA. When the lowercase was
covaried, there were no significant main effects for the condition and the covariate. Only significant interaction effect was found in accuracy.
Notably, the interaction term of accuracy showed that the distance between random deletion and vowel deletion was smaller for the English
group than the Korean group. In contrast, the interaction with the condition was not significant in latency. There was only a significant
difference in the between-subject effects in latency, although not only did the English readers consistently read more accurately and faster than
the counterpart, but also vowel deletion was easier to read regardless of the L1 script. This hypothesis was partially supported insofar as the
condition and L1 scripts are dependent of each other in accuracy but are independent of each other in latency.

Taken together, readers with English as L1 and L2 are more efficient in reading more systematically manipulated vowels than
randomly manipulated letter strings. In vowel-absent letter strings consonants are still present with retained relative positions
within the word (i.e., the letter string prblm preserves each consonant's relative position of pr-bl-m for problem to a great extent;
see Dunabeitia & Carreiras, 2011, for a review of the relative-position effects). This indicates that consonants-only letter strings
are easier than randomly arranged letters because readers can take advantage of the graphotactic rules. This was the basic
assumption for Hypothesis 2. The consequences of L1 literacy experience were also factored in to address Hypothesis 2 because
the Korean script does not subscribe to consonant strings. The data appeared to support Hypothesis 2 based on the group
difference found. The last hypothesis was formulated to supplement the findings of the second hypothesis. Overall, the hy-
potheses were partially supported.

An overall interpretation of these results requires an explanation of differences in printing conventions. Because of the chief role
of vowels in the Korean printing system, it is possible that Korean readers are not likely to decompose a word according to consonants
and vowels, but instead process the syllabic unit more holistically. Korean consonants are dependent on vowels, as the Korean word
for consonants literally suggests (i.e., dependent sound), whereas vowels themselves make sounds independently (i.e., independent
sound). Following this principle,’ the Korean writing system neither allows consonants to stand alone without vowels in the syllable

12 This distinctive trait in the Korean script is well manifested in practical usage. For example, Koreans rarely invent shortened forms of text messages by using an
array of consonants or vowels for the sake of efficiency, when text messaging, but they use contractions at the syllable level for a compound word or a phrase (e.g., “01
Z1” for “09&} £17”). This is particularly notable given that Korean is an alphabetic language like English, in which the minimal grain size is a grapheme/phoneme, not
a syllable. Due to the vowel centrality in Korean, practical use takes place at the syllable level, not the grapheme level. In other words, although the grain size is
graphemes/phonemes, Korean graphemes do not allow for stand-alone usage as in English. To the contrary, English users use contractions to a more micro-level of
segmentals by using consonants only (e.g., “ppl” for “people,” “msg” for “message,”) or a mixture of consonants and vowels for phrasal contractions (e.g., “lol” for “laugh
out loud”).
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nor permits consonant clusters except the case of ending digraphs in the word,'® while some vowels can form syllables by themselves
(e.g., OF, 04, 2, and?'". In contrast, English shows a drastic difference. English permits multiple consonants in the beginning,
middle, and at the end of words as clusters in which each consonant has a unique sound value (e.g., strong, machine, thoughts,
respectively). Even vowel strings are permissible in English (e.g., early, liaison, beautiful, queue).

Although this study did not directly test the specific role of consonants, the contribution of this paper to the current understanding of word
reading is three-fold. First, the present findings expand the Consonant-Vowel Hypothesis (Hochmann et al., 2011) with new evidence of vowel
importance in Korean. The importance of vowel letters seems to be hinged upon the greater vowel inventory of Hangul than that of consonants
as well as the syllabic configuration. The present results suggest variability among alphabetic languages such that some scripts have a different
role of segmentals depending on the syllabic structure and the vowel inventory in the given language.

Second, the results highlight L1 effects on L2 reading. Although L1 effects have been discussed, the angle from segmentals has
hardly been taken. The acquired mechanism or strategy from L1 reading may come into play in the way that L2 words are processed,
identified, or read. Given the unique characteristics of Korean, the findings suggest that L1 effects of native Korean readers are
observable in L2 English word reading.

Last, the findings may point to language- and script-specific processing in word reading. These findings indirectly support the
notion that the property of the L1 linguistic or writing system makes the minimal grapheme unit (i.e., consonants and vowels) behave
differently in reading (Bonatti et al., 2005). The Korean readers’ difficulties shown in reading consonant-only stimuli, compared to
the English readers, may be attributable to the Korean script which has a vowel-centered system. This suggests that the robust role of
consonants found in Roman script may not be fully applied to reading non-Roman alphabetic script.

4.1. Limitations and future directions

This study bears several limitations, which are closely related to future directions. First, this study showed that the Korean group read the
stimuli slowly in all conditions, compared to the English group. It is still unclear whether the performance difference stemmed from the
difference in L1 and L2 or the nature of oral reading wherein the Korean group's delay in articulation was observed due to their lack of
opportunities to speak English in Korea. The use of visual recognition measures such as lexical decision tasks with or without a priming
paradigm would address this issue better. In addition, task effects can also be examined with different types of tasks. Further studies that directly
tackle the strength of linguistic skills in L1 and L2 and task effects would better explain the different pattern of the group-condition interaction
effects found in accuracy and latency. Further research will also explain whether L2 learners' reading accuracy can be on a par with native
speakers as proficiency improves, although reading latency tend to be slower than L1 readers. Second, the experimental study sample was only
Koreans who read English as L2, along with native English speakers as a comparison group. An inclusion of other L1 groups, such as Chinese and
Japanese, with different writing systems in follow-up studies would lead to a better understanding of L2 English word processing and L1 script
effects. Relatedly, the inclusion of other L1 groups in a study will overcome the shortcoming of this study. Specifically, direct comparisons made
in this study between the English group and the Korean group entail an inherent limitation for contrasts due to their L1 versus L2 status. Direct
contrasts between L2 groups with a reference group of native English speakers will provide a better explanation of group differences. Third,
although the vowel deletion affected consonants (i.e., the byproduct of the vowel deletion was consonants only), this study did not include
consonant manipulations in the measure because consonant omission would result in illegible strings in the deletion manipulation due to a more
relevance of the graphotactic rule to consonants than vowels (e.g., cnsnnts vs. ooa for consonants; vwis vs. oe for vowels). Further studies using
different types of manipulations with consonants and vowels or the standard approach that has been used in the literature are in need. Fourth,
more test items that allow for a subgroup analysis of items may be useful. An inclusion of more test items will enable us to run more in-depth or
sub-group analyses to understand onset-body position effects and graphotactic frequency effects. Next, this study did not counterbalance the test
items as a way to control for order effects due in part to the exploratory nature of the study as well as a comparatively short test (in which
fatigue effects were not a concern). Follow-up studies using a counterbalanced design may validate the results of this study. Last, a comparison
between children and adults may provide a better understanding of L2 English word processing. With multiple age bands, a developmental
trajectory or age-related factors in the role of segmentals would be identified. Follow-up studies including more diverse L1 groups, a wider range
of items, and more age groups may extend the present findings.
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Appendix A. Supplementary data

Supplementary data related to this article can be found at http://dx.doi.org/10.1016/j.jneuroling.2018.01.004.

13 Two consonants are allowed to appear at the end of syllable (e.g., &, ¥), but these diagraphs has only one sound value as a representative sound when they are
sounded out. Therefore, they should be considered differently from consonant clusters found in English.
14 The vowel notation per se is “ |, 1, -, and T” for the given syllables where the consonant “O” is used as a place holder.
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