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Abstract
While the theoretical models of morphological processing in Roman alphabets 
indicate prelexical activation, a model established in Korean suggests postlexical 
activation. To extend the model of Korean morphological processing, this study 
examined within-scriptal (Hangul-Hangul prime-target pairs) and cross-scriptal 
(Hanja-Hangul prime-target pairs) priming effects on the recognition of Sino-
Korean compound words in Hangul as a function of adult readers’ Hanja proficiency 
using priming lexical decision tasks. Experiment 1 (n = 54) examined the constitu-
ent morphemic effects of Hangul and Hanja primes, while Experiment 2 (n = 67) 
investigated morphemic decomposition in Hangul and Hanja primes. Participants 
with skilled Hanja proficiency showed robust constituent morphemic effects with 
both Hangul and Hanja primes in isolation, while less-skilled participants did not 
show the effects with Hangul and Hanja primes (Experiment 1). The skilled group 
showed efficient morphological decomposition in both within- and cross-script con-
ditions. However, the less-skilled group did not show morphological effects in the 
cross-script condition but the same effect in the within-script condition (Experiment 
2). The skilled group showed ortho-phonological inhibitory effects on Hangul rec-
ognition resulting from competitions among activated neighbors, but the less-skilled 
counterpart did not show the effect. Based on the findings of this study, two differing 
pathway models of morphological processing in Hangul are proposed for readers 
with different Hanja proficiency. Morphological processing in Sino-Korean com-
pound words seems to be prelexical for skilled readers, whereas it is postlexical for 
less-skilled readers.
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Introduction

The role of the structure and unit of compound words in visual word recognition 
has been of long interest in the psychology of reading. Morphological facilitation 
has been well documented in the Roman alphabet (Feldman et al., 2009; Marslen-
Wilson et al., 2008; Rastle et al., 2004) and non-Roman script, especially in Chinese 
characters and Japanese mixed scripts (Chen et al., 2007; Hino et al., 2003; Joyce, 
2002; Zhou et al., 1999). As orthography is a means to extract the morphological 
and semantic information of a given word, one way to understand the interaction 
between orthography and morphology is to winnow out how compound words are 
decomposed to access the meaning of a given word in visual word recognition using 
cross-scriptal presentations. An investigation of the effects of cross-scriptal morpho-
logical facilitation expands on the models of visual word recognition and the path-
ways of lexical access. This informs both universal processes and script constraints 
involved in word identification. To this end, we examined the effects of within- and 
cross-scriptal morphological facilitation in masked priming lexical decision tasks 
using Hangul (an alphabet) and Hanja (Chinese-derived morphosyllabary used in 
South Korea) primes for Hangul compound-word recognition as a function of read-
ers’ Hanja proficiency. We also attempted to model the pathways of morphological 
access and processing for skilled and less-skilled Hanja groups.

Theoretical models of morphological processing

Morphology, access to morphemes, and morphemic processing are complex and 
multidimensional (Coch et  al., 2020). A question as to whether polymorphemic 
compound words are processed as a whole or are decomposed into their constituent 
morphemes has been extensively addressed in the literature. General consensus on 
the morphological processing of polymorphemic words converges on the claim that 
words are decomposed into their constituent morphemes in Roman orthographies 
(Feldman et  al., 1995; Marslen-Wilson et  al., 2008; Rastle & Davis, 2008). How-
ever, the view on when and how polymorphemic words are segmented in the course 
of access to semantic information and the lexicon has been diverged. One view is 
that automatic morphological decomposition occurs at the early stage of lexical pro-
cessing based on orthographic form (a.k.a. form-then-meaning account; Rastle & 
Davis, 2008; Taft, 2004). Rastle and Davis (2008) assert that the morphemic seg-
mentation of morphologically complex words is based on the analysis of orthog-
raphy as a general process rather than semantic information, which they refer to as 
morpho-orthographic decomposition. Marslen-Wilson et al. (2008) also assert that 
morphological decomposition occurs early in visual word recognition and is inde-
pendent of semantic factors.

The other view is the model that morphological decomposition occurs simultane-
ously with orthographic and semantic access (a.k.a. form-and-meaning account; see 
Feldman et al., 2009; Schmidtke et al., 2017). Feldman et al. (2009) found that mor-
phological facilitation was greater with transparent primes (coolant-COOL) than 
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opaque primes (rampant-RAMP) in a priming lexical decision task, claiming that 
early morphological processes were morpho-semantic and were not simply morpho-
orthographic. Schmidtke et al. (2017) reported that word frequency was the earliest 
lexical variable influencing lexical decision in the time-course of word recognition 
in English and Dutch-derived words (e.g., badness; bad +-ness), English pseudo-
derived words (e.g., wander; wand+-er), and control words (e.g., ballad; ball+-ad). 
They also reported that semantic effects preceded or simultaneously emerged with 
morphological effects in the time-course of word recognition. These results sup-
ported the form-and-meaning view rather than the form-then-meaning account of 
complex word recognition. Although these two views have differing accounts, they 
share one point; that is, morphological access is prelexical.

A possibility of the language-specific variations of morphological processing has 
also been discussed. Of two morphological architectures, including a supralexical 
hypothesis (i.e., form-independent hierarchical processing wherein the morphemic 
unit is situated above the whole word unit) and a sublexical hypothesis (i.e., form-
based hierarchical processing wherein the morphemic unit is situated below the 
whole word unit), Giraudo and Grainger (2000) reported supporting results for the 
supralexical representation of French derivational morphology within a hierarchi-
cally organized processing framework in masked morphological priming. They sug-
gested a likelihood of language-specific processing depending on a given language’s 
average word length, the saliency of cueing word boundaries, and the transparency 
of morphological structures. These factors are likely to affect whether morphemes 
are processed in a whole-word top-down hierarchical fashion or a bottom-up form-
meaning hierarchical way. In another study, Giraudo and Grainger (2001) supported 
a supralexical representation of morphology with morphemic codes situating above 
the lexicon rather than a sublexical representation in French.

As a theoretical extension, a model established in Korean demonstrates a lan-
guage-specific morphological processing (see below for the specificity of the 
Korean language and script). Specifically, Yi (2009) offered an essential primer on 
the model of morphological processing in Sino-Korean word recognition, which 
manifested language constraints on morphological processing. A series of early 
studies of the morphological processing of Sino-Korean words have found the mar-
ginal effects of morphological facilitation, compared to other conditions employed 
in studies (Bae & Yi, 2010; Yi, Jung, & Bae, 2007; Yi & Yi, 1999). Response times 
of morpheme repetition in the first syllable of Sino-Korean words (e.g., 반대–반칙 
prime-target pair; meaning opposition–violation with the first syllable /ban/ mean-
ing against in both the prime and the target) were not significantly different from 
those of the unrelated condition (e.g., 학교–반칙 prime-target pair; school–viola-
tion). This nonsignificant morphological effect did not negate morphological pro-
cessing involved in word recognition, however. Notably, the morphemic repetition 
condition (e.g., 반대–반칙) was more advantageous than orthographic repetition in 
the first syllable of the disyllabic words in recognizing the target (e.g., 반지–반칙; 
ring–violation; Yi & Yi, 1999). The absence of robust morphological facilitation 
effects could be explained with the inhibitory priming effects of neighbors due to 
lexical competitions among neighbors activated in the process (Nakayama et  al., 
2014). This explanation can be feasible especially when high frequency words are 
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used as primes. High-frequency primes are likely to evoke competitions among acti-
vated neighbors upon the visual presentation of text, which leads to an inhibitory 
effect, and, at the same time, it is possible to facilitate morphological processing 
due to the shared morphological unit in the prime and the target. By considering 
the relations among letters, syllables, words, and morphemes, Yi  (2009) proposed 
postlexical morphological representations in the mental lexicon especially for the 
processing of Sino-Korean words because competitive morphological cues can be 
resolved after lexical access in Korean. The postlexical route is particularly taken 
for the resolution of ambiguity between syllables and morphemes. It is possible that 
the idiosyncrasy of the Korean language and writing system places constraints on 
the morphological processing of Sino-Korean compound words. It is also possible 
that Hanja proficiency plays a crucial role in whether readers take a direct route for 
a syllable-morpheme correspondence or they rely on a postlexical route for morpho-
logical processing after analyzing lexical information. Although there has been a 
lack of research on prelexical versus postlexical processing in the word recognition 
of Korean words, a recent study suggests that individual differences be one of key 
factors affecting morphological decomposition of Sino-Korean words (Yi, 2009). 
Overall, what has been found in Korean is different from the prelexical morphologi-
cal activation mostly found in Roman alphabetic scripts and non-alphabetic scripts 
(Feldman et  al., 2009; Rastle & Davis, 2008; Schmidtke et  al., 2017; Zhou et  al., 
1999). This warrants research that examines the role of constituent morphemes and 
the way in which morphological decomposition occurs in word recognition (which 
were examined in the current study).

Morphological processing in visual word recognition

Morphological processing seems to be different depending on the types of mor-
phemes. While suffixes are coded position-specifically, stem morphemes are posi-
tion-independent in processing polymorphemic words (Crepaldi et al., 2010, 2013). 
Coch et al. (2020) found that bound stem morphemes were recognized faster than 
free morphemes, suggesting that all morphemes were processed differently. Kim 
et al. (2015) also found that prefixed and suffixed words were processed differently 
in Korean. While suffixed primes exerted significant priming effects on the recog-
nition of stems, irrespective of the lexicality or interpretability of primes, prefixed 
primes showed significant priming effects only with real-word primes. They sug-
gested that there might be two different mechanisms involved in processing deri-
vational-morphemic words in Korean, including one with prelexical morphological 
decomposition for suffixed words and the other with supralexical morphological 
decomposition for prefixed words.

The effects of morphological facilitation were also examined in logographic Chi-
nese beyond alphabetic scripts. Zhou et al. (1999) investigated Chinese compound 
words using masked priming and visual-visual priming lexical decision tasks. 
Shared common morphemes showed facilitatory effects with a modulation by the 
spatial overlap of orthographic forms in the prime-target pair. Compound words 
with homographic-homophonic characters also showed significant priming effects. 
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However, these significant facilitatory effects disappeared when the SOA was long 
and when the competing morphemes appeared at the initial position of the prime 
and the target. An inhibitory effect was found in words with homographic but non-
homophonic characters. Words with orthographically different homophonic mor-
phemes did not show significant effects. The results suggest that lexical representa-
tion incorporates morphological structures into visual recognition. It seems that the 
way in which morphological, orthographic, and phonological information interacts 
among them constrains the semantic activation of constituent morphemes in com-
pound words.

Morphological facilitation was also found in Japanese Kanji recognition. Hirose 
(1992) found facilitatory effects in prime-target pairs that shared Kanji characters 
in digraph Kanji words using a long SOA (3000  ms). In a follow-up study using 
five different word formation types (i.e., modifier+modified, verb+compliment, 
complement+verb, associative pairs, and synonymous pairs), Joyce (2002) found 
similar effects when the long 3000 ms and shorter SOA of 250 ms were employed. 
Nakayama et  al. (2014) also found a similar result. They used Kanji compound 
words (e.g., 支障, trouble) as targets with initial-character primes (e.g., 支) and con-
trol primes (e.g., 引) to find faster RTs and lower error rates with initial-character 
primes than controls.

The findings reviewed above indicate that morphological facilitation effects are 
observed not only in alphabetic scripts but also in nonalphabetic scripts. This sug-
gests that meaning processing might go through universal processing, independent 
of script characteristics. Since previous studies used the same script in both primes 
and targets, however, it is still unknown whether priming effects would be different 
across different scripts used in the prime and the target. Using different scripts in the 
prime-target pair would offer a better understanding of the role of script in morpho-
logical processing.

Effects of cross‑scriptal priming

Research shows that unique characteristics that each writing system entails tend to 
shape networks and pathways to lexical access, which hints at different processes 
involved in alphabetic scripts and non-alphabetic scripts. Perea et  al. (2017) used 
alternating-script priming within Japanese Kana (i.e., Hiragana and Katakana) to 
investigate whether the models of visual word recognition established in the Roman 
alphabet could extend to Japanese Kana. The basis on which they relied for their 
study was the finding that the magnitude of masked priming effects was similar 
across lowercase, uppercase, and alternating-case primes (e.g., beard–BEARD, 
BEARD–BEARD, and BeArD–BEARD prime-target pairs). Their results found 
in the Kana system were different from those found in the Roman alphabet. The 
alternating-script repetition of Hiragana and Katakata in primes and targets did not 
produce similar priming effects to those of same-script repetition prime-target pairs. 
This indicated that, even within the Kana system, Hirakana and Katakana scripts 
were likely to go through different routes due to different abstract character-level 
representations. The findings suggested different pathways engaged in lexical access 
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depending on scriptal characteristics across scripts, which was consistent with 
Giraudo and Grainger’s (2000) notion.

Another study took advantage of the duality of the Kana system in Japanese. 
Okano et  al. (2013) used repeated and unrelated prime-target pairs of Japanese 
words for an ERP investigation in within-script pairs (i.e., Hiragana-Hiragana pair 
and Katakana-Katakana pair, Exp. 1) and cross-script pairs (Hiragana-Katakana 
pair and Katakana-Hiragana pair, Exp. 2). Results showed that the prime types 
modulated the N250 (sublexical processing) and N400 (lexical–semantic process-
ing) components. The effects of visual feature processing were observed only in the 
shared within-script priming. The results suggested that different writing systems 
might undergo similar neurocognitive processes with some variabilities involved in 
visual word recognition.

The Japanese writing system further offers an opportunity to investigate the 
effects of cross-scriptal priming on morphological processing due to being multi-
scripts. Kana are phonetic syllabaries in which each character represents a mora, 
while Kanji are Chinese-derived logograms in which each character represents a 
morpheme. Kanji are used for content words and compound words (a.k.a., Jukugo, 
熟語, idioms). Kana consist of Hiragana (used for function words and proper nouns) 
and Katakana (used for foreign or loan words). Although Perea et  al. (2017) and 
Okano et al. (2013) used cross-script prime-target pairs of Kana, they did not use 
Kanji. Chen et  al. (2007) investigated homophonic and semantic priming effects 
among native Japanese readers using cross-scripts of Kanji and Hiragana. They 
compared the priming effects of homophonic, semantically related, and unrelated 
prime-target pairs in short (85 ms) and long (150 ms) intervals in within-script (i.e., 
Kanji-Kanji pair, Experiment 1) and cross-script (i.e., Hiragana-Kanji pair, Experi-
ment 2). When meaning-based Kanji were primed, semantically related primes 
facilitated Kanji target recognition at both intervals, while phonologically-related 
Hiragana primes did not show significance. In contrast, when sound-based Hiragana 
were primed for Kanji targets, homophonically-related Hiragana facilitated Kanji 
target recognition at both intervals, but semantic relatedness exerted a significant 
priming effect only at the longer interval. Taken together, these results indicated that 
phonology might not be mandatory to access meaning from print in Kanji process-
ing, which suggests different pathways to the lexicon involved in word recognition 
according to the script being used.

Orthography-based input into lexical decision was also examined using a cross-
scriptal priming paradigm. Hino et  al. (2003) investigated cross-scriptal priming 
(Kanji-Katakana pairs and Katakana-Kanji pairs) and word frequency effects for 
Japanese words and nonwords in lexical decision and naming tasks. Stimuli were 
digraph Kanji nouns (familiar words) and their corresponding three- or four-sylla-
ble words in Katakana (transcribed unfamiliar words because the words are typi-
cally written in Kanji). Lexical decision data showed that repetition priming effects 
were salient only for word targets but not nonward targets. The effect was greater in 
the pair of familiar Kanji word primes and unfamiliar Katakana-transcription tar-
gets than vice versa for both high frequency and low frequency conditions. Hino 
et  al. (2003) suggested that the significant Kanji priming effects were attributable 
to the pre-activation of orthographic codes and orthography-based input effects. 
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Specifically, the Kanji primes activated its phonological representation, which in 
turn activated its orthographic codes that were consistent with the phonological rep-
resentation of the unfamiliar Katakana target.

Although the cross-script effects found in Japanese mixed scripts are meaning-
ful, one problem associated with the task materials is the different levels of famili-
arity and frequency of words written in Kanji and Kana. Some words are always 
written in Kanji in Japanese (e.g., Jukugo, idioms), while others always written in 
Kana. If Jukugo words are written in Kana, not only do the levels of familiarity and 
frequency decrease, but also the morphological boundary gets blurry. Hence, it is 
difficult to tease out Kanji priming effects from Kana priming effects. This issue is 
not found in the Korean writing system because the same Sino-Korean word can be 
written in either Hangul or Hanja. However, there has been a paucity in research into 
cross-scriptal morphological priming effects in Korean. A brief description of the 
Korean script and its use in Korea is in order.

Script use in South Korea

The official writing system in Korea is Hangul, which is an alphabet. The Korean 
government upholds the Hangul-only policy in public school textbooks, official doc-
uments, and online and paper-based newspapers and magazines. Since Hangul is a 
relatively recent cultural invention promulgated in the fifteenth century, compared 
to other writing systems, however, the Koreans have a cultural legacy of Chinese-
derived Hanja (for more information, see Pae, 2020). Hanja are technically differ-
ent from Hanzi used in China because, although the origin is of Chinese characters, 
Hanja are an adapted and modified version of traditional characters to accord with 
the Korean language and pronunciation. About 70% of the Korean lexicon can be 
written in either Hanja and Hangul (Lee, 1980) due to their origin tracing back to 
Chinese characters. The majority of Sino-Korean words are disyllabic compound 
words. Given the large portion of Sino-Korean words in the inventory of Korean 
vocabulary, there has been a heated debate for decades over whether the Hangul-
only policy should sustain or a co-use of Hangul and Hanja should be adopted. The 
debate still continues.

Since Hanja have been used in a supplemental way by a segment of the pub-
lic, the prevalence of their use varies significantly across individuals and contexts. 
In virtue of Hangul being a script that is easy to master, children learn to read in 
Hangul from an early age, mostly before or in kindergarten. Hanja are taught in sec-
ondary schools as an elective. Since Hanja are not included in the college entrance 
exam, most students, except those who wish to major in Hanja in college, are not 
motivated to learn Hanja. A lack of Hanja knowledge does not cause inconvenience 
for everyday business. As a result, a considerable disparity in Hanja skills exists in 
the Korean public. Public agencies administer Hanja certification exams, under the 
Korean government’s endorsement, conferring Level 8 (lowest) to Level 1 (high-
est) certificates. Level 1 requires a mastery of more than 3,500 characters, which is 
a skill level necessary for Hanja specialists or teachers. The certification exam is a 
criterion-referenced test rather than a norm-referenced test.
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With respect to research, even though Japanese mixed scripts offer a great oppor-
tunity to compare scriptal effects on word recognition, each type of the Japanese 
multi-scripts, such as Kanji and Kana (Hiragana and Katakana), is used for different 
purposes (e.g., Kanji are used for content words, while Kana are used for function 
words or loan words). In Korean, only Sino-Korean words can be written in either 
Hangul or Hanja. Native Korean words and loan words are written only in Hangul 
because they do not have Hanja equivalencies. The writing duality of Sino-Korean 
words makes Korean ideal to investigate cross-scriptal priming effects of morphol-
ogy on compound word recognition.

Since Hangul and Hanja are written in blocks, the length of a written disyllabic 
Sino-Korean word in Hangul is corresponding to that written in Hanja. This helps 
equalize the length of the prime and the target in the design of a priming task. This 
utility is not found in Japanese, as shown in the two-character Sino-Japanese word “
展示” becoming the three-character Kana word “てんじ”. This kind of inequality in 
the length of Kanji and Kana is considerably found in the Japanese writing systems. 
In addition, while the body of the literature has found the salient effects of morpho-
logical decomposition in Roman alphabets, Chinese, and Japanese, it is still unclear, 
due to a lack of empirical data, whether this holds true for the Korean language.

Current study

The aim of this study was to model the organization of morphological informa-
tion and pathways of access to polymorphemic Sino-Korean words. This study pit-
ted Hangul primes and Hanja primes against each other in a masked morphological 
priming test with within- and cross-scriptal presentations.

It is possible that the pathways of recognizing Hangul and Hanja are similar to 
each other, and, at the same time, are different from each other due to universal pro-
cesses involved in reading as well as the different levels of representations engaged 
in word identification depending on the script being read. This also hints at differ-
ences in how and when a morphological decomposition occurs in visual word recog-
nition across different scripts. Two research questions were formulated for this study.

Research Question 1: How do independent constituent morphemes operate in 
the recognition of Sino-Korean compound words as a function of Hanja profi-
ciency (i.e., skilled vs. less-skilled)?

This question was posed to examine the role of constituent morphemes in compound 
word recognition in Korean. It also addressed whether morphological facilitation or 
inhibition occurred at the sublexical level or at the scriptal level. If the onset constituent 
morpheme of the target that was presented in isolation as a prime in either Hangul or 
Hanja facilitated the recognition of the Hangul target, the results could be interpreted 
as positive constituent priming effects at the sublexical level. If constituent morphemes 
that were presented in Hangul and Hanja primes exerted the different patterns of facil-
iatory effects, the results could be interpreted as positive constituent priming effects 
at the scriptal level. This was compatible with the view that repetition in cross-scripts 
was likely to activate the target’s lexical representation irrespective to the script being 
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presented due to the shared morphology (and phonology) of the syllable or word (Hino 
et. al., 2003).

Research Question 2: How does morphological decomposition occur in Sino-
Korean compound word recognition as a function of Hanja proficiency (skilled 
vs. less-skilled)?

This question was posed to investigate how morphological information was to be 
activated through sublexical decomposition when the prime showed a partial repetition 
of morphology and ortho-phonology beyond scriptal differences between the prime 
and the target. If morphemes in compound words were efficiently segmented into con-
stituent morphemes early in the process, facilitatory effects would be observed in both 
morphologically- and ortho-phonologically-related priming conditions. If the constitu-
ent morpheme in the prime was not sufficient enough in the lexical context to extract 
practical morphological information for the target, facilitatory priming effects would 
not be observed.

Regarding the role of Hanja proficiency in compound word recognition, learning 
Hanja is likely to promote an understanding of relations between constituent syllables 
and a given word by virtue of the morphosyllabic charaterisitics. Therefore, it is rea-
sonable to assume that the representation of Sino-Korean words in the mental lexicon 
would be different across individuals who have differing levels of Hanja skills. We 
expected that a Hanja skilled group would perform better on Hanja morphological pro-
cessing than a less-skilled counterpart. However, there has been no behavioral data that 
support or rebut the prediction. This study was designed to fill this gap in the literature.

Experiment 1

The first research question was addressed in Experiment 1. A constituent morpheme 
(the onset syllable of the target) was independently presented in either Hangul or Hanja 
as the prime. The target was always presented in Hangul. The Hangul-Hangul prime-
target pair showed both within-script morphological and ortho-phonological repetitions 
(i.e., identical stimuli in terms of morphology, orthography, and phonology), while the 
Hanja-Hangul prime-target pair showed cross-script morphological and phonological 
repetition (i.e., identical stimuli in terms of morphology and phonology but different 
in orthography). We hypothesized that, although Hangul and Hanja primes would not 
yield significant differences between them due to shared phonological and semantic 
cues provided in the prime, the priming effects of constituent morphemes would be sig-
nificantly greater for participants who had optimal Hanja proficiency than less-skilled 
counterparts.
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Method

Participants

Fifty-four undergraduate students from a university in South Korea participated 
in the experiment. The participants were split into two groups based on their 
Hanja proficiency level. Since Hanja are not mandatory for secondary school-
ers in Korea, as briefly indicated earlier, Hanja skills vastly varied across indi-
viduals who have obtained the Hanja certificate and who have not. The skilled 
group consisted of 27 students (mean age = 22.5, SD = 1.2; male: 12), who were 
Hanja Education or Chinese Language and Literature majors and obtained Level 
2 or higher in the certification for Hanja proficiency. Level 2 in the Hanja certi-
fication requires a mastery of at least 2,500 Chinese characters. The less-skilled 
group comprised 27 students (mean age = 22.1, SD = 1.6; male: 14), who were 
Humanities majors but have not studied Hanja on their own after middle school, 
did not have a Hanja proficiency certificate, and expressed no plan to study Hanja 
in the future. Since the less-skilled group did not have a certified performance 
level of Hanja skills, we relied on a self-report on a 5-point Likert scale. The 
two groups’ scale scores of Korean vocabulary and reading comprehension were 
not different from each other. However, their scale scores of Hanja proficiency 
were different: t(52) = 32.29, p < 0.0001; mean scale scores: skilled group = 4.35; 
less-skilled group = 1.07). All participants’ vision or corrected vision was in the 
normal range.

Stimuli

Sino-Korean disyllabic compound words were selected from the Modern Korean 
Usage Frequency Survey 2 published by the National Institute of the Korean 
Language (Kim, 2005). The stimuli were composed of prime-target pairs in two 
conditions (morphologically related and unrelated conditions). The target stimuli 
included 80 Sino-Korean words (mean frequency = 10.14, SD = 9.76, per mil-
lion words). Another set of 80 nonwords was also created by replacing one of 
the syllables of the real word. Four experimental lists were constructed, two of 
which had Hangul primes and the other two of which had Hanja primes. Each 
list included 80 items (40 words and 40 nonwords) in a different order of con-
ditions to control for presentation order effects and to counterbalance  items to 
avoid practice and fatigue effects. For the related condition, the initial syllables 
of 80 targets were used for 80 primes, which were written in either Hangul (40 
items) or Hanja (40 items). For the unrelated condition, another set of 80 words 
was selected, but the primes did not share any lexical quality with the targets 
(see Table  1 for examples). The target was always presented in Hangul, while 
the prime was presented in either Hangul or Hanja depending on the condition at 
hand. We used the first syllable of the disyllabic word because it tended to serve 
as an anchor to the meaning of the entire compound word (e.g., Kwon, 2012; see 
Appendix 1 for the entire set of word stimuli).
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Procedure

The experiment was presented using DMDX (Forster & Forster, 2003) on a IBM 
PC/AT compatible. Participants’ responses were collected using a button box 
connected with a PCI-DIO24 Interface Card (Measurement Computing Corpora-
tion). The stimuli were presented on a 20.92-in × 11.76-in screen, with a refresh 
rate of 100 Hz. The experiment was carried out in a laboratory that had sound-
proof facilities. The stimulus appeared in white at the center of the screen in a 
black background. The prime was presented in the  18-point Batang font, while 
the target was presented in the 20-point Gothic font. The participant sat comfort-
ably in the distance of 60 cm from the computer screen.

The experimenter read out loud the direction of the task and answered the 
participant’s questions, if any, before beginning the experiment. The experiment 
began with a fixation point comprising six hash marks (######) for 500 ms. Each 
prime was presented with a 300 ms interval. The prime was presented for 40 ms 
in Hangul or Hanja depending on the condition. The target was presented after 
10 ms after the prime disappeared. The participant pressed a button on the right if 
the target was a real word and the one on the left if the target was a nonword upon 
his/her lexical decision. Once one of the buttons was pressed, the target disap-
peared and the next prime appeared after 2000 ms. Prior to the main experiment, 
the participant practiced 30 items for practice and was given necessary feedback. 
The practice items were not included in the main experiment.

Results and discussion

Data-trimming took place by eliminating one participant’s data that showed an 
error rate of more than 15% as well as response time (RT) falling below 300 ms 
and above 1300 ms, which accounted for 5% of the entire data. Table 2 shows the 
means and standard deviations of the RTs by condition and the participant’s pro-
ficiency level.

Table 1  Examples of the stimuli used in Experiment 1

† The independent syllable in the Hangul prime condition can have multiple meanings because it is writ-
ten in Hangul due to the one-to-many syllable-morpheme correspondence

Condition Dimension Hangul (within-Script Pair) Hanja (cross-script Pair)

Related prime Script 오- 오답 美-미담
Sound /ɔ/-/ɔ-dɑp/ /mɪ/-/mɪ-dɑm /
Meaning wrong†-wrong answer beauty-beautiful story
1st syllable meaning wrong†-wrong beauty-beauty

Unrelated prime Script 시- 오답 和—미담
Sound /sɪ/-/ɔ-dɑp// /hwɑ/-/mi-dɑm/
Meaning time†—wrong answer with or harmony– beautiful story
1st syllable meaning time†—wrong with or harmony– beautiful story
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To address the first research question, linear mixed-effects modeling and gener-
alised linear mixed-effects modeling were performed using R version 4.1.1 (R Core 
Team, 2021) and the R packages lme4 (Bates, Mächler, Bolker, & Walker, 2015). 
Subjects and targets were entered as random effect variables. The relatedness (mor-
phologically related or unrelated), prime type (Hangul or Hanja), and Hanja profi-
ciency (skilled or less-skilled) were used as explanatory variables, in which sum-to-
zero contrasts were coded. The dependent variables were RTs and error rates. The 
RTs were normalized using an inverse transformation (− 1000/RT). The p value for 
the fixed effects was computed using the Satterthwaite approximation built in the 
lmerTest package (Kuznotsova et al., 2017). When interaction effects were signifi-
cant, post-hoc comparisons were made using the estimated marginal means package 
(Lenth et al., 2018).

For RT analyses, a null model, a two-way interaction model (relatedness and 
prime type), and a three-way interaction model (condition, prime type, and Hanja 
proficiency) were compared. While a similarity was found in the null model and 
the two-way interaction model, the three-way interaction model showed the best 
fit, as indicated by AIC and deviances values. After taking trial, prior-item RT and 
error rates into account, log transformed onset-syllable frequency was not signifi-
cant. However, the log-transformed word frequency was significant (b = − 0.037, 
SE = 0.015, t = − 2.561, p = 0.012). The main effect of the condition (related mor-
phemes vs. unrelated morphemes) was significant (b = − 0.032, SE = 0.005, t = − 
6.143, p < 0.001) such that morphologically-related stimuli yielded faster RTs than 
unrelated stimuli, regardless of other parameters in the model. However, the prime 
type (Hangul or Hanja) was not significant, indicating that RTs were not signifi-
cantly different depending on whether the prime was Hangul or Hanja. As expected, 
Hanja proficiency yielded a significant main effect. Interaction effects between the 
condition and proficiency as well as among the condition, prime type, and Hanja 
proficiency were significant (see Table  2). Pairwise-comparisons made using the 
estimated marginal means (Lenth et  al., 2018) showed significance only for the 
Hanja skilled group for both Hangul and Hanja primes (t = − 3.428, p = 0.006; t = − 
7.836, p < 0.001, respectively). This indicated that the Hanja skilled group was able 
to take advantage of morphologically related primes written in both Hangul and 
Hanja for the target compound word written in Hangul. In contrast, the less-skilled 
group did not benefit from morphologically related primes either in Hangul or Hanja 
(Table 3).

Table 2  Mean RTs (ms) and errors (%) by condition and group in Experiment 1

Condition and effect Skilled Unskilled

Hangul Hanja Hangul Hanja

RT Error RT Error RT Error RT Error

Related primes 582 4.1 540 4.4 652 7.4 638 5.9
Unrelated primes 599 4.7 605 6.2 660 9.1 628 8.2
Effects 17 0.6 65 1.8 8 1.7 − 10 2.3
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Another set of generalized linear mixed models was fit for error rates. None of the 
explanatory variables was significant. Interaction effects were not significant except 
for the three-way interaction among the condition, prime type, and Hanja profi-
ciency (b = 1.941, SE = 0.952, z = 2.040, p = 0.041). The contrasts of estimated mar-
ginal means indicated that the source of the significance resided in the Hanja prime 
type by the proficiency group (b = − 1.891, SE = 0.670, z = − 2.823, p = 0.0048). 
Since the majority of the variables and interactions were not significant for the error 
rates, the results are not provided in Table 2. The results of the error rates can be 
found in Appendix C.

In summary, while the less-skilled group did not show priming effects with Hanja 
and Hangul primes, the skilled group showed significant constituent priming effects 
in both Hanja and Hangul. This supported the hypothesis that semantic informa-
tion elicited from the print was likely to activate related candidates from the mental 
lexicon and, in return, facilitated the recognition of the target word in Hangul. It was 
interesting to find no significant priming effects in the Hangul within-script pair for 
the less-skilled group. Hangul primes might not yield a significant priming effect 
for the less-skilled group because Hangul could not activate semantic information 
from the mental lexicon. It is notable that the skilled group performed better than 
the less-skilled counterpart in both Hanja and Hangul primes. This suggests that 
Hanja knowledge can serve as a catalyst for the efficient processing of Sino-Korean 
compound words regardless of which script being read. It also suggests that readers 
with high Hanja proficiency process and access to Sino-Korean polysyllabic words 
sublexically, whereas readers with less-skilled Hanja might process them lexically.

Experiment 2

Based on the findings of Experiment 1 that showed significant constituent priming 
effects only for the Hanja skilled group when constituent primes were presented in 
isolation, we attempted to further examine the mode of morphological decomposi-
tion in Sino-Korean compound words. Unlike Experiment 1, we presented within- 
and cross-script constituent primes embedded in compound words (i.e., only the 
onset syllable of the prime shared with the onset syllable of the target) in order to 
examine how morphological decomposition took place in the face of the whole lexi-
cal information of a compound word. In other words, the second research question 
was addressed in Experiment 2. We hypothesized that participants with high Hanja 
proficiency would make use of morphologically-related primes more than ortho-
phonologically-related primes, while the counterpart with lower Hanja proficiency 
would not be efficient in taking advantage of morphemic information provided in 
primes.
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Method

Participants

Sixty-seven undergraduate students took part in a priming lexical decision task from 
the same institution as in Experiment 1. The participants were broken down into 
two proficiency groups of Hanja. The skilled group comprised 33 students (mean 
age = 22.7, SD = 1.5; male: 7), whose majors were Hanja Education or Chinese 
Language and Literature and who obtained Level 2 or higher in the certification of 
Hanja proficiency. The less-skilled group comprised 34 students (mean age = 22.9, 
SD = 1.4; male: 9), whose majors were non-Hanja Education nor Chinese Language 
and Literature and who have not studied Hanja on their own after middle school, did 
not have a Hanja proficiency certificate, and expressed no intention to study Hanja 
in the future. Their self-rating scales for Korean vocabulary and reading comprehen-
sion were not different from each other. However, their ratings for Hanja skills were 
significantly different from each other (t (65) = 33.74, p < 0.0001; mean scale scores: 
skilled group = 4.5; less-skilled group = 1.08 on a 5-point scale). These participants 
did not participated in Experiment 1. All participants’ vision or corrected vision was 
in the normal range.

Stimuli

The stimuli were composed of 270 prime-target pairs of disyllabic Sino-Korean 
words. They were selected from the Modern Korean Usage Frequency Survey 2 
(Kim, 2005). The mean frequency of the target items was 9.84 (SD = 10.76) occur-
rences per million. The primes comprised three types: (1) 90 morphologically 
related primes which had identical onset syllables with target words (mean fre-
quency = 8.83; SD = 9.01), (2) 90 ortho-phonological primes whose first syllables 
had the same orthography and the same sounds as target words in Hangul but had 
different meanings from target words and written differently in Hanja (mean fre-
quency = 8.67; SD = 8.81), and (3) 90 control items that had different onset and sec-
ond syllables with different meanings and different orthography than target words 
(mean frequency = 7.14; SD = 8.16). Note that the prime was ortho-phonologically-
related in the within-script Hangul-Hangul prime-target pair, while the prime was 
phonologically-related in the cross-script Hanja-Hangul pair. This resulted from the 
fact that when a Sino-Korean word is written in Hanja, the word is orthographically 
different from the corresponding word written in Hangul (i.e., form difference) but 
shares the same phonology as the given word.

We controlled for neighborhood-frequency effects and unnecessary semantic 
associations involved in the processes. First, we ensured that the frequency of 
prime items was lower than that of target items so that primes could not inhibit 
the processing of targets (see Nakayama et al., 2014). This was done in considera-
tion that if the frequency of the prime was higher than that of the target, it would 
be possible to have salient neighborhood frequency effects resulting in inhibitory 
priming effects. Second, in order to pick out pairs of stimuli from the stimulus 
bank that had no or little semantic association between the prime and the target, 
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70 undergraduates who did not participate in the experiment rated semantic relat-
edness on a 7-point scale (1 = no relevance; 7 = high relevance). Pairs which 
were rated 3 or higher were excluded in the experiment. Each target word was 
assigned in a morphologically-related condition, ortho-phonologically-related (or 

Table 3  Fixed effects of RT in Experiment 1

The p values that are significant are in bold

Variable Estimate Standard error t p

(intercept) − 1.539 0.147 − 10.453  < .001
Trial 0.000 0.000 0.451 0.652
Prior-item RT 0.000 0.000 4.475  < .001
Prior-item error − 0.023 0.019 − 1.202 0.230
Word frequency (log) − 0.037 0.015 − 2.561 0.012
Condition (related or unrelated) − 0.032 0.005 − 6.143  < .001
Prime type 0.025 0.016 1.550 0.123
Proficiency level 0.086 0.020 4.291  < .001
Condition × Prime type 0.006 0.005 1.109 0.268
Condition × Proficiency 0.026 0.005 5.131  < .001
Prime type × Proficiency 0.007 0.005 1.336 0.182
Condition × Prime type × Proficiency − 0.018 0.005 − 3.418  < .001
Model: RTinv ~ trial + prevRT + prevERR + log(init.syll.freq) + log(Freq) + condition * script * 

level + (1 | target) + (1 | Subject)

Table 4  Examples of the stimuli used in Experiment 2

† The ortho-phonologically-related condition in the within-script pair becomes the phonologically-
related condition in the cross-script pair due to the form (script) difference in Hangul and Hanja

Condition Dimension Hangul (within-Script 
Pair)

Hanja (cross-script Pair)

Morphologically related Script 호의- 호감 獨身-독백
Sound /hɔ-uɪ/ - /hɔ-gɑm/ /dɔg-ʃɪn/ - /dɔg-bæk/
Meaning favor - good feeling single - monologue
1st syllable meaning good - good alone - alone

Ortho-phonologically 
related†

Script 호출 - 호감 毒蟲 - 독백
Sound /hɔ-tʃul/ - /hɔ-gɑm/ /dɔg-tʃuŋ/ - /dɔg-bæk/
Meaning call out - good feeling poisonous inset - mono-

logue
1st syllable meaning call - good poison - alone

Unrelated Script 탐방 - 호감 伐木-독백
Sound /tɑm-bɑŋ/ - /hɔ-gɑm/ /bəl-mɔk/ - /dɔg-bæk/
Meaning exploration - good feeling logging– monologue
1st syllable meaning explore - good cut - alone
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phonologically-related in the cross-scriptal prime) condition, or control condi-
tion. This assignment yielded 270 pairs in total (90 items in each list × 3 condi-
tions). The 270 stimulus pairs were counterbalanced by randomly assigning them 
in the three lists so that participants did not see the target twice or more. Within 
each list, there were two sub-lists, including three Hangul sub-lists that showed 
primes in Hangul and three Hanja sub-lists that showed primes in Hanja.

Table 4 displays the examples of stimuli used in each condition. To match the 
experimental conditions, we also constructed 270 nonword stimuli by changing one 
syllable of the target word into a nonword (see Appendix 2 for the entire set of word 
stimuli). In creating nonwords, we held the first syllable of the target word constant 
and changed the second syllable randomly. We went through several iterations to 
ensure that nonword stimuli were truly nonwords. Through the stimulus construction 
procedure, a total of six lists was prepared, each of which comprised 90 word stimu-
lus pairs and 90 nonword stimulus pairs. Of the six lists, three lists included Hangul 
primes, while the other three lists included Hanja primes. The selection  and order 
of the lists were randomly assigned and presented in the experiment. 

Procedure

The procedure was the same as that of Experiment 1.

Results and Discussion

The same procedure of a data trimming scheme used in Experiment 1 was utilized. 
Two target items that showed error rates of 40% were eliminated. The dependent 
variables were RTs and error rates. The explanatory variables were onset-syllable 
frequency, target word frequency, script type (Hangul vs. Hanja), prime type (mor-
phologically-related, orthographically/phonologically-related, or unrelated), and 
Hanja proficiency (skilled vs. less-skilled). Table 5 shows the mean RTs and error 
rates by Hanja proficiency group and prime type. Overall, both groups took advan-
tage of morphological priming greater than orthographic priming, except for the 
Hanja priming for the less-skilled group.

Table 5  Mean RTs (ms) and error rates (%) for Experiment 2

Condition and effect Skilled group Unskilled group

Hangul Hanja Hangul Hanja

RT Errors RT Errors RT Errors RT Errors

Morphologically related 565 4.2 571 3.6 603 8.4 608 6.5
Orthographically related 617 7.4 597 7.0 658 10.3 593 5.8
Unrelated 593 8.1 616 9.2 649 7.7 600 7.8
Morphological effect 28 3.9 45 5.6 46 − 0.7 − 8 1.3
Ortho-phonolgical/phono-

logical effect
− 24 0.7 19 2.2 − 9 − 2.6 7 2.0
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For the RT data, linear mixed effects modeling was employed for the analyses of 
RTs and error rates. After taking trial, prior-item RTs and error rates into consid-
eration, log transformed onset-syllable frequency was not significant. However, the 
frequency of log-transformed target words was significant. The other explanatory 
variables, including morphologically related, ortho-phonologically/phonologically 
related, prime type, and Hanja proficiency levels, were significant (see Table  4). 
Pair-wise comparisons for the skilled groups showed all significance (see Table 4). 
Notably, a significant inhibitory effect was found in the ortho-phonologically-related 
condition for the skilled group. However, pair-wise comparisons for the less-skilled 
group showed a different picture. They showed significant differences in priming 
effects between the morphologically related and ortho-phonologically-related con-
ditions and between the morphologically related condition and the control condi-
tion for the Hangul primes. However, there was no significant difference between 
the ortho-phonologically-related condition and the control condition for the Hangul 
primes, meaning no inhibitory effect found for the less-skilled group. With the Hanja 
primes, the less-skilled group showed no significant differences in all contrasts.

A series of two-way interaction effects were also significant except for the inter-
action between orthographically/phonologically related and Hanja proficiency. The 
three-way interaction among morphologically related, prime type, and Hanja profi-
ciency was significant (b = − 0.019, SE = 0.005, t = − 3.909, p < 0.001).

Regarding the error data, another set of models was fitted into linear mixed effects 
modeling. Word frequency and proficiency showed significant main effects (see the 
bottom half of Table 6). Unlike the RT data, the prime type did not show signifi-
cance in the error rate data. Both morphologically-related and ortho-phonologically/
phonologically-related conditions exerted significant priming effects (b = − 0.343, 
SE = 0.085, z = − 4.040, p < 0.000; b = 0.203, SE = 0.077, z = 2.65, p = 0.008, respec-
tively). Given the significant results of Hanja proficiency as well as morphological 
and orthographic relatedness, pair-wise comparisons between the two groups were 
performed. Pair-wise contrasts showed that only skilled group demonstrated signifi-
cant priming effects in the comparison between the morphologically-related condi-
tion and the ortho-phonologically/phonologically-related condition and between 
the morphologically-related condition and the control condition (b = − 0.761, 
SE = 0.223, z = − 341, p = 0.002; b = − 0.949, SE = 0.218, z = − 4.350, p < 0.001, 
respectively), but not between the ortho-phonologically/phonologically-related con-
dition and the control condition. Of the two-way and three-way interactions, only 
the interaction between the morphologically-related condition and proficiency levels 
was significant (b = 0.238, SE = 0.085, z = 2.794, p = 0.005).

The results of Experiment 2 showed that morphological decomposition in Sino-
Korean compound word recognition was dependent upon the reader’s Hanja profi-
ciency. Specifically, while the skilled Hanja group took advantage of morphologi-
cal primes provided both in Hangul and Hanja primes, the less-skilled group did 
not make use of morphological information provided in Hanja primes. The less-
skilled group’s Hanja knowledge might not be substantial enough to exert a signifi-
cant effect. However, the Hangul primes were facilitatory. This means that the less-
skilled group was cognizant of partial constituent morphology when it was provided 
in the lexical form of Hangul. In contrast, partial ortho-phonological/phonological 
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Table 6  Fixed effects of RT and accuracy for Experiment 2

RT

Variable Estimate Standard error t p

(intercept) − 1.685 0.140 − 12.052  < .001
Trial 0.000 0.000 5.628  < .001
Prior-item RT 0.000 0.000 9.580  < .001
Prior-item error 0.000 0.012 −1.066 0.947
Onset syllable frequency (log) − 0.008 0.012 − 0.644 0.522
Word frequency (log) − 0.041 0.014 − 2.941 0.004
Morphological relatedness − 0.053 0.005 − 11.087  < .001
Orthographic relatedness 0.028 0.005 5.757  < .001
Prime type 0.049 0.014 3.420  < .001
Hanja Proficiency level 0.038 0.014 2.637 0.010
Morphological R × Prime type − 0.030 0.005 − 6.231  < .001
Orthographic R × Prime type 0.035 0.005 7.279  < .001
Morphological R × Proficiency 0.020 0.005 4.161  < .001
Orthographic R × Proficiency − 0.008 0.005 − 1.721 0.085
Prime type × Proficiency 0.024 0.003 7.190  < .001
Morphological R × Prime type x Proficiency − 0.019 0.005 − 3.909  < .001
Orthographic R × Prime type × Proficiency 0.003 0.005 0.558 0.577
Model: RTinv ~ trial + prevRT + prevERR + log(init.syll.freq) + log(Freq) + condition * script * level + (1 | 

target) + (1 | Subject)

Accuracy

Variable Estimate Standard error z p

(intercept) − 1.409 1.845 − 0.763 0.445
Trial 0.004 0.002 2.290 0.022
Prior-item RT − 0.001 0.000 − 3.135 0.002
Prior-item error − 0.173 0.188 − 0.922 0.357
Onset syllable frequency (log) 0.019 0.165 0.116 0.907
Word frequency (log) − 0.404 0.183 − 2.201 0.028
Morphological relatedness − 0.344 0.085 − 4.040  < .001
Orthographic relatedness 0.203 0.077 2.650 0.008
Prime type 0.301 0.195 1.542 0.123
Proficiency level 0.220 0.085 2.583 0.010
Morphological R × Prime type 0.035 0.085 0.413 0.679
Orthographic R × Prime type − 0.014 0.076 − 0.177 0.859
Morphological R × Proficiency 0.238 0.085 2.794 0.005
Orthographic R × Proficiency 0.010 0.077 0.124 0.901
Prime type × Proficiency 0.043 0.056 0.759 0.448
Morphological R × Prime type × Proficiency − 0.066 0.085 − 0.771 0.441
Orthographic R × Prime type × Proficiency 0.006 0.077 0.075 0.940
Model: err ~ trial + prevRT + prevERR + log(init.syll.freq) + log(Freq) + condition * script * level + (1 | 

Subject) + (1 | target)

The p values that are significant are in bold
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repetition in the within- and cross-script prime conditions did not exert signifi-
cant effects for the less skilled group, meaning that ortho-phonological/phonologi-
cal information was not as salient as morphological information for the recogni-
tion of Sino-Korean compound words. This finding is noteworthy. Specifically, the 
less-skilled group showed a facilitatory effect only in the morphological repetition 
condition in Hangul but no inhibitory effect in the ortho-phonological repetition in 
Hangul. This means no lexical competition involved among less-skilled participants, 
as opposed to the skilled counterpart that showed lexical competition evoked in the 
processes.

These results are consistent with the findings of Chen et al.’s (2007) and Perea 
et  al. (2017) studies that different pathways are engaged in word recognition 
depending on the script being read. The finding also suggests that less skilled par-
ticipants might be able to retrieve morphological information after the whole lexi-
con is accessed in Sino-Korean compound word recognition; that is morphologi-
cal processing is post-lexical, which is consistent with Yi’s  (2009) model. This 
was described under the secion of theoretical models above.

The results of the skilled group are interesting. In the Hangul prime condi-
tion, a morphological facilitatory effect and an orthographic inhibitory effect were 
observed. This indicates that morphological facilitation is robust in Hangul word 
recognition. The inhibitory effect found in the orthographic repetition condition 
suggests competitions among words that share the same first syllables at the lexi-
cal level, which resulted in longer RTs in the target recognition. The magnitude of 
morphological facilitation with Hangul primes was smaller than that of the less-
skilled group (28 ms vs. 46 ms), which might have resulted from inhibition among 
neighbors. The lack of orthographic repetition effects in the less-skilled group might 
have stemmed from the absence of competition among neighbors. What was nota-
ble for the skilled group was that the morphological facilitatory effect was larger 
in the Hanja (less usage in everyday activities) primes than the Hangul (prevalent 
usage in everyday activities) primes, and that no inhibition effect was found in the 
phonologically-related cross-scriptal condition. It seems that no competition takes 
place among word neighbors when the same word is written in different scripts (i.e., 
Hangul or Hanja) for the skilled group. As a result, the phonological effect gets 
smaller, but the morphological effect gets larger in the Hanja-Hangul cross-script 
priming condition for Hangul recognition among skilled readers.

General discussion

The main finding of this study was significant cross-scriptal priming effects on Sino-
Korean compound word recognition for the Hanja skilled group. The magnitude of 
facilitatory priming effects was larger when the prime was presented in Hanja than 
in Hangul. This was robust both when the prime was a constituent morpheme that 
was presented in isolation (Experiment 1) and when the prime was a constituent 
morpheme that was embedded in a compound word (Experiment 2).
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For the less-skilled group, the findings were different from those of the skilled 
counterpart. Less-skilled participants did not show priming effects when the constit-
uent-morpheme prime was presented in isolation in neither within-script (Hangul-
Hangul pair) nor cross-script (Hanja-Hangul pair) prime-target pairs (Experiment 
1). However, they showed a different pattern of priming effects when Hangul 
primes were partially repetitive (i.e., the onset syllable of the prime shared with the 
onset syllable of the target). When the constituent-morpheme prime was provided 
in Hangul within a disyllabic compound word, facilitatory effects were observed 
(Experiment 2). The nonsignificant cross-scriptal priming effect found in both 
experiments among the less-skilled participants can be attributable to the lack of 
exposure to Hanja. As indicated earlier, Hanja are one of elective subjects in second-
ary schools in South Korea, and are not included in the entrance exam to college. 
Therefore, students in secondary education do not have high intrinsic motivation or 
demand to study Hanja. Another detractor is a preconception that Hanja does not 
have utility for their language use and college majors. However, the findings of this 
study do not support this practice and preconception. The skilled group was superior 
to the less-skilled counterpart not only in overall speed and accuracy of compound 
word recognition even in Hangul, but also in the decomposition into constituent 
morphemes of the compound word in both Hangul and Hanja.

The findings have several implications. First, notable is the fact that, even though 
Hanja were less familiar than Hangul for the participants, constituent primes pro-
vided in the Hanja stimuli yielded greater cross-scriptal priming effects than within-
scriptal priming effects on compound word recognition in Hangul. What aspect of 
Hanja information did influence Hangul word recognition? Of Hanja characteristics 
that could possibly affect Hangul word recognition, phonological information and 
semantic information that could extract from Hanja stimuli are two probable factors 
that account for the contribution to Hangul compound word recognition. The results 
of Experiment 2 showed that, in the cross-script priming condition, phonologically-
related priming effects were 19 ms, while the morphologically-related priming effect 
was 45  ms, showing that the magnitude of Hanja’s phonological information was 
significantly smaller than that of morphological information. It is possible that the 
extraction of semantic information from Hanja was much easier than the extraction 
of phonological information from Hanja, especially in the masked priming lexical 
decision.1 This finding is in line with Japanese studies that found that phonological 
processing was not obligatory and played a marginal role in the recognition of Japa-
nese Kanji (see Chen et al., 2007).

1 However, we cannot rule out the possibility that phonological information was extracted from masked 
primes in the process of lexical deicison. It is still an open question whether, even though phonological 
information was extracted, it was not sufficient enough to contribute to the recognition of the target. This 
speculation is raised because phonological priming effects have been rarely found in Korean, unlike sali-
ent phonological priming effects that have been found in English. Studies of Hangul show a zero effect 
or even an inhibition effect of phonological priming effect (see Park, 1999). Therefore, it is possible that 
phonological information could not contribute to the target recognition, even though it was activated to a 
certain degree in the course of Hangul lexical decision.
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On the other hand, it is difficult to dismiss the meaning extraction from Hanja 
in masked priming and its further facilitation of target recognition, given that the 
results of Experiments 1 and 2 showed significant priming effects in Hanja-Hangul 
cross-scriptal pairs. One interpretation is that meaning extraction from Hanja acti-
vates related morphemic candidates from the mental lexicon and then further acti-
vates word candidates that contain relevant morphemes. For example, the prime 反 
(/bɑn/ against) activates Hanja morpheme 反, and its activation extends to all words 
that contain the morpheme 反. In the course of this activation, if the target that 
includes the morpheme 反 (/bɑn/against), such as 반대 (/bɑndæ/opposition) and 반
항 (/bɑnhɑŋ/resistance), is presented, the activated prime is likely to facilitate the 
target recognition. What is noteworthy is the finding that the activation of the Hanja 
constituent morpheme occurred regardless of whether a constituent prime was pre-
sented in isolation or embedded within a lexicon (i.e., partial repetition).

Second, relatedly, the results of the skilled group showed an effect of script type 
in word recognition. Skilled participants produced a larger effect in the Hanja prime 
condition than in the Hangul prime condition in Experiment 1. This means that mor-
phemic processing in the Hanja prime is more reliable than in the Hangul prime. 
Although the prime type (Hangul vs. Hanja) did not show significant effects in both 
experiments, the interaction effects between the prime type and Hanja proficiency 
levels were significant in both experiments. Skilled participants took advantage of 
primes presented in both Hanja and Hangul regardless of whether the constituent 
prime was presented in isolation or embedded in the lexical context. Given that 
the within-scriptal condition (Hangul-Hangul pair) has the higher level of repeti-
tion in terms of orthographic, phonological, and morphological representations, the 
fact that the skilled group showed greater effects in the cross-scriptal condition than 
the within-scriptal condition suggests that Hanja’s advantage in Hangul recognition 
goes above and beyond the orthographic and phonological effects (note the inhibi-
tory effects of ortho-phonology found in Experiment 2).

Third, the results of nonsignificant constituent morphemic priming effects in 
Experiment 1 for the Hanja less-skilled group in the Hangul-Hangul within-script 
condition were also deemed important. Although it was possible to reap morphemic 
information from the constituent morpheme presented independently in Hangul, the 
less skilled group was not able to take advantage of it (Experiment 1). This might 
have resulted from ambiguity in the correspondence between Hangul representation 
and morphemes. Specifically, Hangul syllable “사” /sɑ/ corresponds to more than 40 
morphemes, which creates ambiguity in the Korean syllable-morpheme correspond-
ence. When the level of ambiguity is high, morpheme processing could be hampered 
without a top-down semantic cue from the whole word. It is possible to have the 
extraction of orthographic information and phonological information from Hangul 
syllable at the prelexical stage, and, in turn, the extracted information invokes mor-
phemic information to resolve neighbor competitions for word recognition. Based 
on the findings of Experiment 1, however, this mechanism does not seem to work for 
readers who have lower Hanja skills.

Fourth, we were  able to identify true morphological effects in this study by con-
trolling for orthographic/phonological repetition effects, as ruling out orthographic/
phonological information was a necessary condition for examining the effect of 
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morphemic processing. Since previous research presented both primes and targets 
in the same script, morphemic repetition was overlapping with orthographic repeti-
tion (Bae & Yi, 2010; Yi, Jung, & Bae, 2007; Yi & Yi, 1999). By virtue of utiliz-
ing different scripts in the prime and the target in this study, however, the overlap-
ping effects could be eliminated. Since the Hanja-Hangul cross-scriptal presentation 
allowed us to examine true morphemic processing after ruling out orthographic 
information, the facilitatory effect of Hanja primes found in this study suggests an 
independence of morphemic processing in Sino-Korean word recognition.

Last, taken together, this study showed that individual differences manifested by 
proficiency are a central factor affecting Sino-Korean word recognition. Although 
we expected that the two proficiency groups would show the different effects of 
constituent primes in Hanja, the finding of different patterns of priming effects in 
the Hangul-Hangul within-script condition between the  Hanja skilled group and 
the  less-skilled group was surprising, which was a new finding. The skilled group 
showed a facilitatory effect in the morpheme repetition but an inhibitory effect in 
the orthographic/phonological repetition. Since Hangul is the only official script 
in South Korea, all individuals, irrespective of Hanja skills, are exposed to and 
use Hangul in everyday business. However, the two groups of university students, 
who had differing Hanja proficiency but passed the college entrance exam written 
in Hangul at the same level (which suggests similar level of Hangul reading skills; 
this was supported by the nonsignificant difference in vocabulary and reading com-
prehension in Korean between the two groups compared in this study, as indicated 
earlier in the Subject section), showed different patterns of constituent morpheme 
processing in Hangul. How could this be explained? It is possible that Hanja skilled 
group has a deeper understanding or knowledge of morphemes and thus it contrib-
utes to significant constituent-morpheme priming effects. Bae, Yi, and Masuda’s 
(2016) study showed that the morphological knowledge of college students was pos-
itively correlated with word recognition and academic performance, supporting the 

Skilled Readers of Hanja

Hanja 
Syllable

Hangul 
Syllable

Visual Input

Morpheme

Lexicon/Word

Visual Input

Less-Skilled Readers of Hanja

Hangul 
Syllable

Hanja 
Syllable

Lexicon/Word

Morpheme

Visual Input Visual Input

Fig. 1  The pathway models of Sino-Korean word recognition. Adapted from Yi (2009)



965

1 3

Modeling morphological processing in Korean: within‑ and…

notion that Hanja morphological knowledge affects Sino-Korean compound-word 
recognition. This suggests that the sensitivity to morphological constituents within 
the word and efficient access to the mental lexicon can vary according to Hanja pro-
ficiency in the recognition of Sino-Korean compound words. This points toward the 
possibility that morphological access is pre-lexical for individuals with high Hanja 
proficiency, while it is post-lexical for individuals with lower Hanja proficiency.

Figure  1 depicts differing models for the two groups. The skilled group has 
stronger multidimentional interactions and pathways, whereas the less-skilled group 
has limited pathways. Since readers with high Hanja proficiency rely on Hanja to 
extract the morphological information of Sino-Korean compound words before 
accessing to the lexicon, they seem to less rely on Hangul for morphology, as shown 
in  the weak interaction between Hangul and morphology. In contrast, for readers 
with low Hanja proficiency, since they cannot utilize Hanja input, they solely rely 
on Hangul but need to access the lexicon first in order to settle on the correct mor-
pheme among activated morphemes of a given word. Note that morphemic access 
occurs before the lexicon for the skilled group, whereas it occurs after lexical access 
for the less-skilled group. The latter is consistent with Yi’s (2009) model, which 
explains a postlexical route that is taken for the resolution of ambiguity between syl-
lables and morphemes in Sino-Korean words.

To summarize, the findings of this study extend the existing models and accounts 
for the morphological processing of Sino-Korean words. Prelexical routes involved 
in word recognition  have been well documented in English (Rastle & Davis, 
2008) and in Chinese (Marslen-Wilson et  al., 2008). The utilization of prelexical 
or postlexical routes can also be subjected to individual differences, including pro-
ficiency levels. The ramifications of this study’s results point toward proficiency-
dependent processing routes and pathways especially for the morphological decom-
position of a given compound word. In other words, skilled readers can utilize both 
routes efficiently with a skewed prelexical route (i.e., relying on the postlexical route 
only for words that have a high degree of ambiguity between the syllable and the 
morpheme). However, less-skilled readers rely on the postlexical route because they 
utilize lexical information to extract the meaning of morphemes. Another contribu-
tion of this study gives rise to a corroboration of an additional route (i.e., form-after-
meaning, which was suggested by Guiraudo & Grainger, 2000, 2001 with French 
data) involved in the recognition of compound word recognition beyond the early 
accounts for morphological processing of form-then-meaning (Rastle & Davis, 
2008; Taft, 2004) and form-and-meaning (Feldman et al., 2009). The utilization of 
these different routes is dependent upon language systems, scripts, and individual 
differences including proficiency levels.

Future directions

We have addressed the effects of constituent morphemes and decomposition on 
the recognition of Sino-Korean compound words among native Korean readers in 
two experiments to propose two pathway models for Hanja skilled and less-skilled 
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groups. Further studies should continue in Korean given the relative paucity in the 
body of knowledge, compared to other languages and scripts. Recommendations 
for future studies are as follows. First, since research shows that different types of 
morphemes, such as bound morphemes, free morphemes, derived morphemes, and 
inflected morphemes, have different processing advantages (Coch et al., 2020; Kim 
et al., 2015), future research into the role of different types of morphemes in Korean 
word recognition is in need. Relatedly, the same scheme of research can also extend 
to the recognition of native Korean words versus Sino-Korean words.

Second, this study did not consider the morphological structure within the com-
pound words. As Joyce (2002) did in his study, using the five different word for-
mation types (e.g., modifier + modified, verb + complement, complement + verb, 
associative pairs, and synonymous pairs) will provide a deeper understanding of 
morphological access and processing in Sino-Korean compound words.

Third, we used constituent morphemes in the intial position only. Since too many 
conditions or variables could cloud the focus of our study, we did not address syl-
lable position effects in the current study. Follow-up research is warranted to address 
position effects in morphological processing in Korean.

Next, both facilitatory effects and inhibitory effects found among the skilled par-
ticipants suggest individual differences in the structure and processing mode of the 
mental lexicon. It is possible that there are qualitative differences across readers in 
the orthographic, phonological, and semantic representations of the mental lexicon 
(especially according to different scripts being read). It would be useful to investi-
gate how Hanja knowledge contributes to the optimal development of cognitive abil-
ity among Korean children. A longitudinal study will she light on the trajectory of 
the reader’s cognitive development from childhood to young adulthood.

Last, this study focused on isolated word recognition without context provided. 
Hanja primes significantly facilitated the rapid recognition of Hangul compound 
words, despite the saliently different visual representations between Hanja and 
Hangul. This line of research should continue in sentence processing and reading 
comprehension. Expanding on this line of research to the sentence level will help 
settle on the long debate over the Hangul-only policy versus a mixture of Hangul-
Hanja usage in text, which has been controversial for decades in the circles of 
the  Korean academia and government administrations. Research in this area also 
provides a better understanding of reading mechanisms underlying within-script and 
cross-script reading, and, in turn, contributes to the body of knowledge in the sci-
ence of reading.

Appendix A

(See Table 7).
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Appendix B

(See Table 8).

Table 8  Word stimui used for 
Experiment 2

Hangul primes Hanja primes

Target MR PR UR Target MR PR UR

가열 가미 가면 쟁취 감퇴 減速 感興 風車

강풍 강국 강산 고온 개업 開校 改宗 當落
견습 견문 견고 말미 공지 公立 空洞 行軍

과로 과식 과제 투약 구전 口令 救命 善惡

군가 군복 군주 논설 급진 急變 給食 溫泉
기한 기약 기절 언쟁 남풍 南山 男兒 鐵分
내과 내의 내력 요인 노년 老後 露天 日出
대업 대양 대등 판별 독백 獨身 毒蟲 伐木

동업 동족 동심 북풍 면접 面會 免除 崇高
명언 명품 명암 계량 모녀 母親 毛皮 宿食

문병 문답 문집 산촌 미담 美容 未知 和諧

반역 반칙 반년 만병 백골 白鳥 百日 競馬

병명 병환 병법 토질 부강 富貴 浮力 客室
비관 비운 비범 응대 서예 書信 序曲 氷河
석공 석조 석양 교습 설화 說敎 雪原 惡意
성비 성별 성패 난민 세면 洗車 細工 雄大
소거 소실 소량 목마 수온 水草 守則 後食

승자 승패 승마 발열 식견 識別 食性 形體

신약 신식 신의 냉방 실온 室外 失足 進取
애용 애착 애수 착지 야경 夜食 野山 脫盡

약재 약초 약자 상행 어순 語學 漁民 步行
여백 여생 여객 환부 예물 禮服 例示 月末

오답 오용 오륜 시식 옥상 屋外 玉體 血色

용무 용수 용감 즉흥 우호 友愛 雨林 分家
운송 운하 운집 곡조 원가 原本 遠洋 落心
위력 위엄 위급 접견 유골 遺言 乳兒 職田
육신 육안 육교 평행 은공 恩人 銀貨 休眠

음파 음률 음지 변색 이색 異見 利得 戰國

입성 입문 입지 사칙 자퇴 自習 慈愛 活路
재화 재무 재혼 속세 적군 敵對 適正 品種

절전 절수 절교 친가 정제 精油 政勢 就學
제철 제본 제물 합심 조산 早速 助言 退色

종례 종결 종친 물류 주어 主客 走行 等速

중책 중량 중립 흥망 증감 增設 證書 逆流
집필 집무 집결 거인 차체 車種 借用 作文
채취 채집 채식 법안 책망 責務 冊房 決選

천체 천상 천년 국악 청중 聽力 請婚 低溫

초목 초가 초성 질감 추산 推論 追從 色調

충당 충전 충신 녹지 치과 齒藥 治安 多量
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Appendix C

(See Table 9).

Table 9  Fixed effects of accuracy in Experiment 1

The p value that is significant is in bold

Estimate Standard error z p

(intercept) − 3.016 1.679 − 1.796 0.072
Trial − 0.004 0.003 − 1.256 0.209
Prior-item RT 0.000 0.001 − 0.505 0.614
Prior-item error − 0.418 0.430 − 0.972 0.331
Word frequency (log) − 0.249 0.172 − 1.446 0.148
Condition (related or unrelated) 0.309 0.356 0.867 0.386
Prime type 0.334 0.566 0.590 0.555
Proficiency level − 0.391 0.426 − 0.919 0.358
Condition × Prime type − 0.251 0.526 − 0.476 0.634
Condition × Proficiency − 0.107 0.554 − 0.194 0.846
Prime type × Proficiency − 1.353 0.791 − 1.710 0.087
Condition × Prime type × Proficiency 1.941 0.952 2.040 0.041
Model: RTinv ~ 1 + trial + prevRT + prevERR + log(init.syll.freq) + log(Freq) + condition * script * 

level + (1 | target) + (1 | Subject)

Table 8  (continued)

MR = morphological related prime; PR = phonological related 
prime; and UR = unrelated prime

Hangul primes Hanja primes

Target MR PR UR Target MR PR UR

타향 타의 타개 임업 파편 破産 波形 吉凶

필순 필력 필승 완치 하인 下降 河口 外食

한우 한옥 한도 불효 해약 解凍 害蟲 村長

향토 향촌 향료 연표 현존 現世 賢人 便益
협조 협업 협박 묘기 호감 好意 呼出 探訪

혼용 혼혈 혼사 본토 효능 效用 孝誠 亡國
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