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Abstract 3 

The present study investigates how morphological information is processed and 4 

represented in the bilingual lexicon. We employed a masked cross-language 5 

morphological priming paradigm to examine morphological decomposition and 6 

semantic transparency in bilingual lexical processing. A robust and reliable 7 

morphological priming effect was observed for both transparent compounds and 8 

opaque compounds, though there was a strong trend for more facilitation in the former 9 

than the latter. To account for these results, we propose a lemma-based bilingual 10 

model specifying the activation/competition between lemmas during cross-language 11 

activation at the morphological level. Our novel findings advance the understanding 12 

of interplay between morphology and bilingualism.  13 

 14 
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Most current theories of the bilingual lexicon hold the view that the two languages are 1 

integrated at the conceptual/semantic level, but are separate at the level of 2 

orthography/phonology (e.g., the Sense Model of Finkbeiner, Forster, Nicol & 3 

Nakamura, 2004; the Bilingual Interactive Activation Model of Dijkstra & van 4 

Heuven, 2002). Empirical evidence from cross-language masked priming studies 5 

support this claim, consistently demonstrating that words in one language can trigger 6 

the activation of the other language due to their shared orthography (i.e., cognates; 7 

e.g., Davis et al., 2010) or shared semantics (i.e., translation equivalents; e.g., Wang 8 

& Forster, 2010). Moreover, these studies have presented a strong test of cross-9 

language activation in bilingual readers whose two languages either use the same 10 

writing system (i.e., within-script bilinguals, such as Spanish-English; e.g., Davis et 11 

al., 2010) or different writing systems (i.e., cross-script bilinguals, such as Chinese-12 

English; e.g., Wang & Forster, 2010). The cross-language masked priming paradigm 13 

presents one pair of words from each of two languages sequentially, with a very brief 14 

duration for the first word as the prime (50ms) and a longer duration for the second 15 

word as the target (500ms). Because of the brief presentation of the prime and the 16 

presence of a forward mask (####), participants are usually unaware of the prime 17 

(Forster & Davis, 1984). If the cognitive system can process primes automatically and 18 

unconsciously to influence the subsequent processing of the targets (i.e., show a 19 

priming effect), we can infer something about the prime-target relationship in the 20 

mental lexicon.  21 
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At least in the case of cross-script bilingual readers whose two orthographic 1 

systems are distinct from each other, one thing that seems clear from masked 2 

translation priming experiments is that L1 primes have a marked effect on the 3 

recognition of L2 words, but not vice versa (e.g., Finkbeiner, et al, 2004; Gollan, 4 

Forster, & Frost, 1997; Jiang & Forster, 2001; Wang & Forster, 2010, 2015; Wang, 5 

2013, 2014). That is, Chinese-English readers automatically process a masked prime 6 

in their L1 (e.g., 苹果 ‘apple’ in Chinese), and show facilitation when subsequently 7 

processing its translation equivalent in their L2 (e.g., apple in English), but the same 8 

does not hold from L2 to L1. These empirical findings, showing cross-language 9 

activation with a priming asymmetry, have been interpreted to mean that L2 has fewer 10 

represented semantic senses than the more proficient or dominant L1 such that it 11 

produces little cross-language priming (Finkbeiner et al., 2004, Wang & Forster, 12 

2010; Wang, 2013).  13 

 As raised by Libben, Goral, and Baayen (2017), bilingual research is not nearly 14 

as developed as monolingual research in the study of the processing of 15 

polymorphemic words despite the fact that such words predominate in many of the 16 

world’s languages. That is, the study of bilingual lexical processing has primarily 17 

focused on L1 and L2 word-relations without considering the underlying 18 

morphological structures. One obvious reason for this is that morphological 19 

processes/structures differ greatly among languages due to language-specific 20 

grammatical and semantic features (e.g., Bauer, 2001) and, therefore, it is not 21 

straightforward to assume cross-language connections at the morphological level. In 22 
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particular, Libben et al. (2017) advocate the use of compound words (e.g., daydream) 1 

as the ideal testing domain for morphological integration in the bilingual lexicon, 2 

compared to affixed words (e.g., dreaming or dreamer), because compounding is the 3 

most common process of forming complex words across all languages (Dressler, 4 

2006). For example, compounding is the primary morphological operation in Chinese, 5 

a morpho-syllabic language, and the majority of Chinese words (72%) contain two 6 

characters, with each character representing one free morpheme (Packard, 2000; Taft, 7 

2003; Zhou & Marslen-Wilson, 1995). Yet, such words have received little attention 8 

with regard to their role in cross-language lexical processing.  9 

 In the monolingual literature on polymorphemic word recognition, there is an 10 

ongoing debate about how morphemes are stored and processed in the mental lexicon 11 

with regard to whether or how compound words are decomposed into their 12 

constituents in word recognition (e.g., Andrews, Miller & Rayner, 2004; Beyersmann 13 

et al, 2018; Diependaele, Sandra, & Grainger, 2005; Libben, 1998; Libben, Gibson, 14 

Yoon, & Sandra, 2003; McCormick, Rastle, & Davis, 2008; Taft, 2003; Taft & 15 

Forster, 1976). Central to this debate is whether morphological complexity in a 16 

language implies independent morphological representation and processing. In 17 

particular, sub-lexical models, namely, fully decompositional theories, hold that 18 

compound words undergo obligatory morphemic parsing and that morphemic 19 

representations are accessed during word recognition (e.g., Rastle, Davis, & New, 20 

2004; Smolka, Libben, & Dressler, 2019; Taft, 1979, 2004; Taft & Forster, 1975). In 21 

contrast, supra-lexical models posit that morphemic units are located above the level 22 
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of whole-word form and are activated after the representation for the whole word has 1 

been accessed (e.g., Giraudo & Grainger, 2001, 2003). These two different types of 2 

models argue for a different role for semantic transparency in compound processing 3 

(i.e., the degree of relatedness between the meaning of a compound and those of its 4 

constituents).  5 

 According to supra-lexical models, semantic transparency plays a role by 6 

determining whether a compound word that is activated as a whole can be understood 7 

by accessing the meaning of its individual constituents. Such decomposition would 8 

therefore occur for transparent compounds (e.g., daydream), but not opaque 9 

compounds (e.g., hotdog, whose meaning has nothing to do with the meaning of its 10 

constituent dog). However, just because sub-lexical models are based on obligatory 11 

pre-lexical decomposition, it does not necessarily follow that they reject any impact of 12 

semantic transparency on compound word recognition. For example, an interactive-13 

activation model in which form representations for the constituents of a compound 14 

word activate units that mediate between form and meaning, namely, at a ‘lemma’ 15 

level (e.g., Taft, 2003, 2006; Taft & Nguyen-Hoan, 2010). Here, both transparent and 16 

opaque compounds activate the form representations of their constituents, each of 17 

which activates its corresponding lemma. The difference between transparent words 18 

(e.g., daydream) and opaque words (e.g., hotdog) is that the lemmas associated with 19 

each of the constituents of the former (i.e., day and dream) send activation to the 20 

lemma representing the whole word, whereas the lemmas associated with each of the 21 

constituents of the latter (i.e., hot and dog) do not. Instead, the form units for each of 22 
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the opaque constituents send activation directly to the lemma representing the whole 1 

word, which then competes with the lemmas associated with its constituents. So, if 2 

there is sufficient time for this competition to have an effect before the target is 3 

presented (e.g., DOG)*, facilitation will be greater for transparent than opaque primes 4 

despite the fact that decomposition occurs pre-lexically.  5 

 Probably the most convincing evidence in favour of sub-lexical models over 6 

supra-lexical models are masked morphological priming results from affixed words, 7 

whose morphological operations involve more complex phonological, orthographic, 8 

and syntactic features than compounding. It is shown that the recognition of a word 9 

(e.g., HUNT) is facilitated by the immediately prior presentation of a polymorphemic 10 

word derived from it (e.g., hunter) and, importantly, this effect is also found when the 11 

prime is a ‘pseudo-affixed’ word (e.g., corner priming CORN), being a 12 

monomorphemic word that looks like it has an affix (e.g., Longtin, Segui, & Halle, 13 

2003; McCormick, Rastle, & Davis, 2008; Rastle & Davis, 2008; Rastle et al., 2004). 14 

Moreover, such priming cannot be simply ascribed to form overlap between the prime 15 

and target because there is no facilitation when the ending of the prime does not look 16 

like an affix (e.g., turnip does not prime turn). A similar pattern of results has also 17 

been demonstrated by Fiorentino and Fund-Reznicek (2009), where priming was 18 

observed in both transparent and opaque compounds, but not in words of orthographic 19 

overlap (e.g., both flagpole and hallmark priming FLAG and HALL, no priming in 20 

 
* In within-language priming studies, the prime is usually presented in lowercase (e.g., hotdog) and the target in 

uppercase (e.g., DOG).  
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plankton-PLAN). Thus, some kind of morphological information must be accessed 1 

during word recognition for this pattern of results to emerge. 2 

 To date, the majority of investigations into cross-language morphological 3 

processing have primarily focused on the extent to which processing words in one 4 

language is influenced by the morphological structure of the other. Such research 5 

suggests that bilinguals activate the constituents of the morphologically complex 6 

words in the non-target language when processing the target language (e.g., Cheng, 7 

Wang, & Perfetti, 2011; Ko, Wang, & Kim, 2011; Li & Taft, 2019). For example, one 8 

study, conducted by Kim, Wang and Ko (2011), demonstrated that L1-Korean derived 9 

words (e.g., 매력적 ‘attractive’) can prime the translated L2-English stem (e.g., 10 

attract) in a lexical decision task with visible primes. This result was taken to show 11 

decompositional processing of morphology in cross-language priming. Kim et al 12 

argued that the priming effect was driven by the connection between the L2 stem and 13 

its translation equivalent, and the locus of this connection must be somewhere 14 

between the orthographic input (with distinct orthographic forms between L1 and L2) 15 

and the functional goal (word meaning). To capture this characteristic, they 16 

incorporated a lemma level where L1 and L2 are stored and connected in between the 17 

input and concept, assuming that morpheme and whole-word lemmas exist for both 18 

L1 and L2 and that this is the locus of the cross-language priming effect: L1 매력적 19 

(‘attractive’) shares the same ‘lemma’ with L2 attract via morphological 20 

decomposition.  21 
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 However, an alternative explanation for this result can be attributed to the 1 

semantic overlap between L1 (attractive) and L2 (attract), especially in the situation 2 

where the primes are visible. That is, visible primes in L1 Korean (e.g., 매력적 3 

‘attractive’) could activate semantics/concepts that benefit the processing of 4 

semantically related words via semantic priming (e.g., attract). In addition, one issue 5 

with visible primes in cross-language studies is the potential strategy that the 6 

participants might have adopted in making their lexical decision responses, namely, 7 

they might anticipate the target on the basis of its relationship with the prime (e.g., 8 

Forster & Davis, 1984; Neely, 1991). The solution to rule out this possibility in order 9 

to pinpoint how morphological structures are built into the bilingual lexicon is to 10 

adopt the masked priming procedure where semantic priming is hard to obtain even 11 

within-language (e.g., de Wit & Kinoshita, 2015; Forster, Mohan, & Hector, 2003; 12 

Holcomb & Grainger, 2009; Rastle, Davis, Marslen-Wilson, & Tyler, 2000; Witzel, 13 

2019). 14 

The present study 15 

 Two empirical/theoretical components are bridged in the present study. 1) We 16 

will adopt the masked priming paradigm to establish the similarity and difference in 17 

processing Chinese transparent compounds (e.g., 花园 ‘garden’ composed of 花 18 

‘flower’ + 园 ‘garden’) vs. opaque compounds (e.g., 花生 ‘peanut’ composed of 19 

花 ‘flower’ + 生 ‘birth’) during the early automatic stage of lexical access to further 20 

test models of morphological processing; 2) we will examine whether cross-language 21 
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morphological effects occur in order to enhance our understanding of the relationship 1 

between L1 and L2 in lexical memory. To achieve these goals, our design serves to 2 

test the influence of processing L1-Chinese compounds (e.g., 花园 vs. 花生) on the 3 

recognition of the English translation of one of their morphemes (e.g., flower). As 4 

discussed above, most masked cross-language priming studies have reported robust 5 

L1-L2 priming, but not vice versa, and therefore we will test cross-language priming 6 

in this direction.   7 

METHOD 8 

Participants 9 

Forty-nine native Chinese speakers with high L2 English proficiency studying at 10 

Oxford University were paid to participate in this experiment. They had all achieved a 11 

score of at least 7 for IELTS to be admitted to Oxford University. A score of 7 for 12 

IELTS is interpreted as an advanced level of L2 English proficiency.  13 

Design and materials 14 

All word targets were the English translations of the shared morpheme in the 15 

morphologically related conditions (e.g., flower as the target whose translation is the 16 

shared morpheme/character in both the transparent and opaque primes, namely, 花 17 

/hua1/†). Three types of compound primes were created: (a) transparent primes (e.g., 18 

花园 /hua1 yuan2/, ‘garden’) where the meaning of 花 contributes to the meaning 19 

 
† Numerals indicate which Mandarin tone the syllable carries: 1 means Tone 1, 2 means Tone 2, etc.   
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of the whole word, (b) opaque primes (e.g., 花生 /hua1 sheng1/, ‘peanut’) where the 1 

meaning of 花 does not contribute to the meaning of the whole word, and (c) 2 

unrelated control primes (e.g., 学习 /xue2 xi2/, ‘learn’). The transparent items were 3 

fully transparent in that both characters were semantically related to the compound, 4 

and the opaque items were fully opaque in that neither character was semantically 5 

related to the compound. An example of one set of prime-target pairs including both 6 

transparent/opaque primes and their target derived from the shared character is shown 7 

in Table 1. In total, 60 sets of prime-target pairs were selected.  8 

_______________________________ 9 

Table 1 about here 10 

_______________________________ 11 

 12 

Three counter-balanced lists were created within a Latin Square design so that 13 

each target word was preceded by every prime condition (transparent vs. opaque vs. 14 

control) in different lists and each list had the same number of items for all three 15 

conditions. Based on Cai and Brysbaert (2010), we ensured that the frequency of the 16 

primes was matched across conditions, all p's >.1. Stimulus characteristics are 17 

presented in Table 2. To ensure that the prime words indeed differed in semantic 18 

transparency, a group of nine Chinese native speakers were asked to rate the words 19 

for semantic transparency using a 7-point Likert scale (1 = totally transparent, 7 = 20 

totally opaque). The ratings indicated that the transparent and opaque conditions 21 

clearly differed in their semantic transparency, with mean ratings of 2.18 (SD = 1.30) 22 

and 5.35 (SD = 1.80) respectively, t(58)= 46.21, p < .001. 23 



 

 

 12 

_______________________________ 1 

Table 2 about here 2 

_______________________________ 3 

In addition, 60 nonword targets were included as distractors in each list. These 4 

were constructed by changing one or two letters from real words while still being 5 

legal English letter-strings (e.g., slarb), matched overall with the length of the word 6 

targets. A set of Chinese primes for these nonword targets was also selected from Cai 7 

and Brysbaert (2010), to match with the primes of the word targets in frequency and 8 

length.  9 

Procedure 10 

The participants were randomly assigned to one of the three lists and tested in 11 

front of a computer in a soundproof booth to perform a lexical decision task. They 12 

were not aware that their knowledge of Chinese would be used in the experiment. 13 

They were instructed in English that they would see a string of letters on the screen, 14 

one at a time, and that they would have to decide by pressing a YES or NO button 15 

whether the letter-string was an English word or not. They were encouraged to make 16 

their decision as quickly but as accurately as possible.  17 

The experiment was programmed with the DMDX software (Forster & Forster, 18 

2003), in which each trial began with the presentation of a visual mask (‘贔贔贔贔’) 19 

for 500 ms followed immediately by the prime for 50 ms (e.g., 花园), printed in 20 

SimSun font, black, Size 14, on a white background. The prime was then replaced by 21 
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the target in uppercase (e.g., FLOWER), which was printed in Courier New font, 1 

black, Size 18, and remained on the screen for 500ms.  2 

The experiment began with a practice session of 20 trials followed by three 3 

experimental blocks (40 items per block). Both blocks and items within each block 4 

were randomized. Participants were able to take a break between blocks. Upon 5 

completion of the experiment, participants were debriefed and none reported being 6 

able to see the primes, nor were they aware of the purpose of the experiment. 7 

RESULTS 8 

None of the participants made more than 20% errors and all were included in the 9 

data analysis which was based solely on the word trials. Incorrect responses (7.5%) 10 

and outliers (0.84%) were excluded from the RT analysis. Outliers were defined as 11 

RTs that were above 1500 ms or below 300 ms. This trimming process led to 2696 12 

trials in the final analysis. The means of raw RTs and error rates are shown in Table 3. 13 

(The data set and R code are available in public at OSF: osf.io/qkbux/) 14 

_______________________________ 15 

Table 3 about here 16 

_______________________________ 17 

 18 

The RT data were log-transformed and analysed using linear mixed-effects 19 

modelling with the lme4 package (Bates, Machler, Boker, & Walker, 2015, version 20 

1.1) in the R environment (R Core Team, 2015, version 3.1.3). In addition, we 21 

employed both maximal and simple intercept-only random-effect structures in the 22 
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models in order to understand how random factors (i.e., subjects and items) affected 1 

our main results. The goal to include random slopes for factors of repeated measures 2 

was to avoid Type I errors (Barr et al., 2013). If model comparison between the 3 

maximal and simple random-effect structures reveals no significant difference, it is 4 

safe to use simple random-effect structures in the final analysis to inform about the 5 

null hypothesis, given the sample size (Matuschek, Kliegl, Vasishth, Baayen, & 6 

Bates, 2017). The fixed-effect factor was Semantic Transparency (“semtran”: opaque 7 

vs. transparent vs. control). Subjects and items were random factors. In the error 8 

analysis, the binomial function (i.e., glmer) was employed to report the statistical 9 

significance of error rates across conditions; in reaction time analysis, the lmer 10 

function was employed to show the statistical significance of response time across 11 

conditions.  12 

For the RT data, we first ran the model of maximal random-effect structure. The 13 

analysis of the log-transformed RT data revealed a significant facilitation in both the 14 

transparent and opaque conditions, compared to the baseline control condition (‘cont’ 15 

in Table 5), t = 3.69, p < .001; t = 2.08, p = .04 < .05, respectively (see Table 4 for the 16 

model summary). Furthermore, we ran the model with an intercept-only simple 17 

random-effect structure and found no significant difference between this model and 18 

the maximal model, X2 (10) = 2.98, p = .98.  19 

_______________________________ 20 

Table 4 about here 21 

_______________________________ 22 
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 A further planned comparison was performed by resetting the reference level to 1 

the transparent condition and this showed a strong trend of difference between the 2 

transparent and opaque conditions, t = 1.72, p = .09. An intercept-only simple model 3 

showed a marginally significant difference between the transparent and opaque 4 

conditions, t = 1.92, p = .056 (see Table 5 for the intercept-only simple model 5 

summary). Again, there was no significant difference between the two models: X2 6 

(10) = 2.98, p = .98 7 

______________________________ 8 

Table 5 about here 9 

_______________________________ 10 

 11 

The error analysis showed no main effect of semantic transparency: Neither the 12 

transparent condition (‘tran’ in Table 4 and 5) nor the opaque condition (‘op’ in Table 13 

4 and 5) revealed significance compared to the control condition (‘cont’), z = 1.56, p 14 

= .12; z = 1.10, p = .27. The transparent and opaque conditions did not differ from 15 

each other either, z = .48, p = .63.  16 

DISCUSSION 17 

The goal of this study was to investigate the role that the constituents of 18 

compound words might play in cross-language processing and whether semantic 19 

transparency contributes to this. The results showed that Chinese compound primes in 20 

both the transparent (e.g., 花园) and opaque (e.g., 花生) conditions significantly 21 

facilitated the recognition of their English constituent-translation targets (e.g., flower, 22 
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the translation of 花). In addition, the transparent compounds (e.g., 花园) showed a 1 

strong, but non-significant trend towards an advantage in facilitation over the opaque 2 

compounds (e.g., 花生). These cross-language morphological priming effects, 3 

independent of semantic transparency, clearly support a morphological processing 4 

mechanism of full decomposition in bilingual word recognition (i.e., a sub-lexical 5 

model, e.g., Rastle et al., 2004; Taft, 1979, 2004), rather than a mechanism of post-6 

compound decomposition (i.e., a supra-lexical model, e.g., Giraudo & Grainger, 7 

2001). More specifically, a post-lexical model would predict no priming in the opaque 8 

condition but a significant difference between the transparent and opaque conditions. 9 

This is clearly not the case in our study. In fact, our data provide strong evidence for a 10 

sub-lexical model where both conditions show priming regardless of whether there is 11 

more priming in the transparent than the opaque condition (Taft, 2003, 2004).  12 

Second, we need to consider how these cross-language morphological effects 13 

reconcile with the literature on Chinese compound recognition. Chinese, the poster 14 

child of compounding, is a language that exemplifies morphology with little 15 

affixation. In addition, the writing system of Chinese, namely, logographic characters, 16 

plays a role in how compounds are processed because each character is a physically 17 

distinct unit (e.g., Myers, 2006, Taft et al., 1999). That is, Chinese orthography marks 18 

morpheme boundaries, but not word boundaries (with no space between words), while 19 

English orthography does the reverse (Li, Rayner, & Cave, 2009). This unique 20 

orthographic feature of Chinese characters, compared to English, potentially adds 21 

advantage to obligatory morphemic retrieval in lexical processing because form-level 22 
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units are easier to locate perceptually. Indeed, in the spirit of Chao (1968) and Myers 1 

(2006), reading Chinese is more relevant to the issue of ‘how morphemes are 2 

composed to form complex words’ instead of ‘how morphologically complex words 3 

are decomposed’.  4 

These arguments favour a lexical model that takes morphological representations 5 

into account in order for activation to be sent to the semantic level. By this logic, 6 

morpheme activation predicts that semantically transparent compounds (e.g., 花园, 7 

‘garden’) should be processed differently from semantically opaque compounds (e.g., 8 

花生, ‘peanut’), because the meanings of the component morphemes compete with 9 

that of the whole word in the latter case. This prediction is supported by a number of 10 

studies in Chinese word recognition. For instance, Peng, Liu and Wang (1999) 11 

showed that common component characters (e.g.,草,‘grass’) facilitated the 12 

recognition of transparent compounds (e.g.,草地,‘lawn’), but inhibited the recognition 13 

of opaque ones (e.g.,草率, ‘careless’) in an un-masked priming paradigm, suggesting 14 

that the semantics of characters and opaque compounds compete. With regard to the 15 

time course of morpheme activation, Liu and Peng (1997) argued for post-lexical 16 

activation of morphemes in opaque compounds, but a pre-lexical activation of 17 

morphemes in transparent compounds, suggesting that whole-word processing might 18 

proceed morpheme activation in opaque compounds. The problem with such a claim, 19 

however, is that the argument is circular in that the lexical processer would need to 20 

know that the compound was transparent or opaque prior to knowing what the word 21 

was.  22 
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A more recent study by Mok (2009) showed a stronger word superiority effect for 1 

character/constituent detection in opaque compounds than transparent compounds. In 2 

a modified Reicher-Wheeler paradigm, characters were identified in two-character 3 

Chinese compounds compared to Chinese nonwords. Transparent and opaque 4 

compounds both showed word superiority effects, but the former showed a 5 

significantly weaker effect than the latter. That is, Chinese readers were better at 6 

identifying characters in opaque compounds than transparent ones. This evidence was 7 

taken to argue for opaque compounds being processed more like whole words as a 8 

perceptual unit. Thus, opaque compounds appeared to activate word-level 9 

representations more strongly than transparent compounds in order to remain 10 

accessible to produce such an effect.  11 

While the above-cited studies in Chinese compound processing could be 12 

interpreted as support for morpheme activation in transparent compounds, they 13 

nevertheless remain controversial and inconclusive with regards to whether there is 14 

sub-lexical morpheme activation in opaque compounds. Although situated in the 15 

bilingual context, our current results support obligatory decomposition in Chinese 16 

compound processing as priming effects were observed in both the transparent and 17 

opaque conditions for the same target. That is, accessing morphological information 18 

occurs at the early stage of lexical processing, being independent of semantic 19 

transparency.  20 
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 The most challenging issue to confront is how to theorize these effects in the 1 

bilingual lexicon. Clearly, the observed priming effects are driven by the conceptual 2 

level overlap between the Chinese morphemes and their English translations at the 3 

morphological level as a result of cross-language activation (e.g., both 花园 and 花4 

生 primed flower). Masked L1-L2 translation priming is a robust effect reported in 5 

the bilingual literature (e.g., Gollan et al, 1997; Finkbeiner et al, 2004; Wang & 6 

Forster, 2010, 2015; Wang, 2013, 2014). Thus, we know that 花园 will prime 7 

garden, 花生 will prime peanut, and 花 will prime flower during cross-language 8 

activation. Therefore, our findings show obligatory access to morphological 9 

information, which leads to cross-language priming during bilingual lexical access. 10 

To our knowledge, this is the first demonstration of obligatory morphological 11 

decomposition in the bilingual context, by ruling out the possibility that 12 

morphological priming effects might be driven by semantic overlap between L1 and 13 

L2 as in Kim et al. (2011).   14 

If a full decomposition model is supported (e.g., Ettinger, Linzen, & Marantz, 15 

2014; Lewis, Solomyak, & Marantz, 2011; Rastle, Davis, & New, 2004; Solomyak & 16 

Marantz, 2010; Taft, 2004), we are in a position to specify a mechanism that can 17 

account for the correlation between form and meaning depending on different sub-18 

lexical variables (e.g., morpheme frequency, semantic transparency, morpho-syntactic 19 

structure). The lemma level between the form and meaning in the recognition system 20 

serves this purpose (Taft, 2003, 2004).  21 
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 How do we implement such a lemma mechanism in the bilingual lexicon to be 1 

able to account for these cross-language morphological effects: early decomposition 2 

and the possible influence of semantic transparency? We interpret our findings using 3 

the lemma-based morphological processing model as described in Taft (2003) and 4 

Taft and Nguyen-Hoan (2010) and extend it to the bilingual setting (see Figure 1). 5 

There are three central properties to this model.  6 

_______________________________ 7 

Figure 1 about here 8 

_______________________________ 9 

First, it assumes early automatic morpheme activation from forms to lemmas. 10 

The implementation of this property can easily explain the cross-language 11 

morphological effects in both transparent and opaque compounds. That is, the cross-12 

language morphological effects are a type of translation priming effect via a sub-13 

lexical (i.e., morpheme) mechanism defined by translation equivalence. These effects 14 

are best explained at a level in between form and meaning (i.e., the lemma level) 15 

where morpheme activation occurs.  16 

Second, the difference between a complex word with transparent constituents, 17 

like 花园，and one with opaque constituents, like 花生，is described in terms of 18 

inter-lemma consistency. That is, 花园 is consistent with 花 in meaning, while 花19 

生 is not. Therefore, the activation of the same lemma for the morpheme and the 20 

whole-word that contains it (e.g., for 花 and 花园) facilitates morpheme activation 21 

(the red line in Figure 1), while the activation of non-overlapping lemmas between 22 



 

 

 21 

morphemes and whole-words (e.g., for 花 and 花生) creates competition (the dotted 1 

blue lines in Figure 1). As suggested by Xu and Taft (2015), by being activated via 2 

their morphemes, transparent words gain an advantage as a result of the fact that those 3 

morphemes are typically more frequent than the whole word and hence their lemmas 4 

will be activated more quickly. This difference in processing between transparent 5 

compounds and opaque compounds results in the trend for a semantic transparency 6 

effect in cross-language morphological priming as shown in the present study.  7 

Third, similar to the description of Kim et al. (2011), we assume lemmas are 8 

shared between L1 and L2. If cross-script/language priming is based on the shared 9 

meanings between L1 and L2 (i.e., translation equivalence), the level between form 10 

and meaning should be shared between L1 and L2 as a result of L2 learning (e.g., 11 

'FLOWER' in Figure 1). Alternatively, L1 and L2 lemmas can be separate but well-12 

connected to be able to account for possible language-specific properties.  13 

 To conclude, it is worth emphasizing that morphological decomposition appears 14 

to be automatic and obligatory during cross-language processing as demonstrated in 15 

the masked priming paradigm where L1 primes are below the awareness level of 16 

bilingual readers. Our study also shows an intricate cross-language association at the 17 

morphological level, in addition to the whole-word level as shown in the bilingual 18 

literature.  19 

 20 

 21 
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Table 1. Examples of experimental conditions. 1 

 2 

 3 

Prime conditions Prime examples  Targets 

Transparent 花园（i.e., garden, ‘flower+garden’）   

 

FLOWER Opaque 花生（i.e., peanut, ‘flower+birth’） 

 

    

Control 学习（i.e., learn, ‘study+acquire’）  

  4 
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Table 2. Means and standard deviations for the materials. 1 

 2 

 Log frequency  Length/Stroke 

Transparent prime 1.78 (1.61)  15.48 (4.38) 

13.67 (4.61) 

15.74 (4.85) 

Opaque prime 2.00 (1.94)    

Unrelated prime 1.80 (2.13)   

English target 10.56 (1.80)  5.74 (2.03) 

Note. Frequency is the mean logarithm of frequency per million words; length/stroke 3 

is the mean numbers of letters for English and strokes for Chinese.  4 

  5 
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Table 3. Mean response times (ms) and error rates (%) by compound priming 1 

conditions (SD in parenthesis). 2 

 3 

 Transparent Opaque Unrelated 

RT 635 (168) 645 (175) 

6.8 (.25) 

 11* 

656 (175) 

Error rates 7.1 (.26) 8.6 (.28) 

Priming effects 21***  

* p < .05 *** p < .001 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 

 30 

 31 

 32 

 33 

 34 

 35 

 36 

 37 
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Table 4. Maximal Linear Mixed Effects Model Summary 1 

 2 

Random effects: 3 

 Groups   Name      Variance   Std.Dev.  Corr     4 

 itemN   (Intercept)   0.0102361   0.101174       5 

       semtranop    0.0000964   0.009818  -0.98    6 

       semtrantran   0.0006763   0.026005  -0.11  0.30 7 

 subj    (Intercept)   0.0209930   0.144890       8 

       semtranop    0.0004865   0.022056  -0.39    9 

       semtrantran   0.0002248   0.014993  -0.46  1.00 10 

 Residual          0.0324275   0.180076  11 

      12 

Number of obs: 2696, groups: itemN, 60; subj, 49 13 

 14 

Fixed effects: 15 

         Estimate  Std. Error    df   t value    Pr(>|t|)   16 

(Intercept)   6.461048   0.025211  77.080000  256.284  < 2e-16 *** 17 

semtranop    -0.019048  0.009160  49.470000  -2.079   0.042788 *  18 

semtrantran   -0.034770  0.009413  49.820000  -3.694   0.000549 *** 19 

--- 20 

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 21 

 22 

Correlation of Fixed Effects: 23 

        (Intr)  smtrnp 24 

semtranop   -0.339     25 

semtrantran  -0.259  0.515 26 

 27 

 28 

  29 
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Table 5. Intercept-only Simple Linear Mixed Effects Model summary, with the 1 

reference level of ‘transparent condition’.  2 

 3 

Random effects: 4 

 Groups  Name    Variance  Std.Dev. 5 

 itemN  (Intercept)  0.009502  0.09748  6 

 subj   (Intercept)  0.019609  0.14003  7 

 Residual        0.032666  0.18074  8 

Number of obs: 2696, groups: itemN, 60; subj, 49 9 

 10 

Fixed effects: 11 

        Estimate   Std. Error   df    t value   Pr(>|t|)   12 

(Intercept)  6.426e+00   2.440e-02  8.770e+01  263.403  < 2e-16 *** 13 

semtrancont 3.462e-02   8.553e-03  2.587e+03  4.047   5.34e-05 *** 14 

semtranop   1.633e-02   8.529e-03  2.586e+03  1.915    0.0556 .  15 

--- 16 

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 17 

 18 

Correlation of Fixed Effects: 19 

         (Intr)  smtrnc 20 

semtrancont  -0.175     21 

semtranop    -0.175 0.501 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 

 30 
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园 

‘YARD’ ‘FLOWER’ 

flower 

‘GARDEN’ 

‘BIRTH’ 

生 

‘PEANUT’ 

花 

Figure 1.  A lemma-based bilingual lexical processing model. Bilingual lexical 1 

representations are described in three different levels: orthography (forms), lemmas 2 

and semantics (meanings). The orthographic inputs (e.g., ‘花园’,‘花生’) activate 3 

all the lemmas associated with the given characters/forms (e.g., ‘YARD’, ‘GARDEN’, 4 

‘FLOWER’, ‘BRITH’, and ‘PEANUT’).Though abstract in nature, lemmas are 5 

represented here by uppercase English words. Both transparent and opaque 6 

compounds activate all the associated lemmas with different inter-lemma consistency 7 

(e.g., ‘FLOWER’ is consistent with ‘GARDEN’, but not with ‘PEANUT’). The 8 

activation of morphemes/constituents allows for cross-language morphological 9 

priming due to the shared lemma/semantics between L1 and L2 (e.g., ‘FLOWER’) for 10 

both transparent and opaque compounds. The inter-lemma consistency modulates the 11 

magnitude of priming effects. Inter-lemma consistency facilitates the activation of 12 

‘FLOWER’ in transparent compounds (e.g., solid red lines), while inter-lemma 13 

inconsistency creates competition/inhibition of FLOWER (e.g., dot blue lines).  14 

 15 

 16 
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 1 

Appendix. Stimuli of experiments 2 

Prime Target 

Transparent 

马路 

花园 

手工 

物理 

影片 

风雨 

草原 

万千 

指针 

噪声 

耳机 

黑板 

百货 

里面 

跑道 

积雪 

尽力 

分析 

造型 

新生 

起飞 

成熟 

走向 

开关 

估计 

听说 

久经 

改建 

爆发 

楼上 

Opaque 

马虎 

花生 

手段 

物色 

影响 

风流 

草率 

秋千 

方针 

相声 

耳光 

老板 

百合 

体面 

难道 

积极 

尽管 

分寸 

造化 

卫生 

起草 

成本 

走狗 

机关 

伙计 

小说 

神经 

封建 

沙发 

马上 

Unrelated 

身边 

真诚 

到来 

呼吸 

保温 

点名 

合作 

骄傲 

包装 

辽阔 

门口 

起源 

配合 

车站 

遗留 

数学 

目标 

私有 

平整 

观看 

照片 

拼命 

苦笑 

病房 

自由 

光滑 

占有 

夺目 

成就 

选民 

 

horse 

flower 

hand 

thing 

shadow 

wind 

grass 

thousand 

needle 

voice 

ear 

board 

hundred 

side 

way 

accumulate 

exhaust 

separate 

create 

live 

raise 

become 

walk 

close 

calculate 

speak 

pass 

build 

send 

up 
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