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Abstract 

While research has established a close relationship between children’s oral 

vocabulary and reading ability in Chinese, the nature of this relationship is not clear. This 

study aims to examine if vocabulary knowledge of Chinese words facilitates learning novel 

orthographic forms during independent reading. We also investigate whether such oral 

vocabulary is to complement phonological decoding, which has been considered the primary 

underpinning of orthographic learning, or whether it makes a unique contribution to the 

acquisition of novel orthographic representations in Chinese. Data from two studies (Li, 

Wang, Castles, Hsieh, & Marinus, 2018; Li, Marinus, Castles, Hsieh, & Wang, 2020) were 

re-analysed (total N = 164). In these studies, children learned the oral vocabulary of some 

novel Chinese words and subsequently saw their written forms as pseudocharacters in short 

stories. The phonetic regularity of the pseudocharacters was manipulated such that half of 

them could be reliably decoded via the phonetic radical (regular) and the other half could not 

(irregular). The results showed that oral vocabulary learning was significantly associated with 

orthographic learning and pseudocharacter reading in natural text. Importantly, item-specific 

oral vocabulary knowledge predicted the success of orthographic learning and reading 

accuracy of both regular and irregular pseudocharacters. These results provide evidence that 

oral vocabulary makes a unique contribution to children’s orthographic learning in Chinese 

during independent reading.  

 

Key words: orthographic learning, oral vocabulary, phonological decoding, reading, 

Chinese 
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The association between children’s oral vocabulary and their reading skills has been 

well documented. Evidence from training studies in English has further hinted at a causal role 

for oral vocabulary in learning the orthographic representations of novel written words, that 

is, orthographic learning (Nation & Castles, 2017); yet its benefit seems to be more 

prominent in irregular word learning, where phonological decoding is not fully reliable 

(McKay, Davis, Savage, & Castles, 2008; Wang, Nickels, Nation, & Castles, 2013). Recent 

evidence has suggested that vocabulary knowledge of Chinese spoken words may facilitate 

learning the pronunciations of their written forms (Chow, 2018; Zhou, Duff, & Hulme, 

2015). However, it is unknown whether it also contributes to learning the orthographic forms 

of Chinese characters and whether, as in English, its effect is modulated by the degree to 

which the character can be phonologically decoded. To investigate these questions, we report 

a re-analysis of data from two studies (Li, Marinus, Castles, Hsieh, & Wang, 2020; Li, Wang, 

Castles, Hsieh, & Marinus, 2018). The aim was to gain insights into the role of oral 

vocabulary in the acquisition of novel orthographic representations in Chinese. 

Beginning readers of alphabetic languages rely on the ability to map letters onto 

speech sounds to learn to read new words (Ehri, 2014; Share, 1995), but they also need to be 

able to read words when decoding is not sufficient. Oral vocabulary might provide some 

assistance to learning to read such words. For example, when children see the written word 

break and attempt to decode it, applying the letter-sound rules will provide an incorrect sound 

[b-r-ee-k]. But if they are familiar with the spoken word break, they could use it to achieve a 

correct match between the pronunciation and the inaccurate decoding attempt. Training 

studies have provided support for this suggestion by showing that oral vocabulary is 

particularly beneficial for orthographic learning of exception words with inconsistent print-

sound mappings (McKay et al., 2008; Wang et al., 2013). For example, Wang et al. (2013) 

taught Grades 2 and 3 children the sound and meaning of some pseudowords, and then 
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presented the pseudowords in either regular or irregular written form in short stories. Ten 

days later, the children took spelling and orthographic decision tasks to assess their 

orthographic learning. Item-level analyses revealed that oral vocabulary learning predicted 

spelling accuracy for the irregular but not for the regular pseudowords.  

The finding that oral vocabulary is particularly helpful for learning exception words is 

consistent with most theoretical accounts of reading acquisition. According to the self-

teaching hypothesis (Share, 1995), phonological decoding is the primary mechanism for 

developing orthographic representations for novel words, and the presence of a word in oral 

vocabulary helps with resolving partially successful phonological decoding attempts. Results 

from computational simulations of word reading also suggest that knowledge about word 

meanings, which is sometimes enabled by the word’s presence in oral vocabulary, contributes 

to word recognition, especially for exception words (Harm & Seidenberg, 2004; Plaut, 

McClelland, Seidenberg, & Patterson, 1996; Pritchard, Coltheart, Marinus, & Castles, 2018). 

From a cross-linguistic perspective, these findings imply that oral vocabulary might be 

particularly important for learning to read in a highly opaque writing system such as Chinese.  

Compared with alphabetic scripts, the relationship between orthography and 

phonology is less systematic in Chinese. The basic reading unit in Chinese is a character, 

representing a morpheme and a syllable in speech. About 80-90% characters are semantic-

phonetic compound characters with a semantic radical providing clues to the meaning and a 

phonetic radical providing clues to the sound (Li & Kang, 1993) (see Table 1 for examples of 

different types of compound characters). Although the phonetic radical can be used to 

phonologically decode a character, it is not reliable. In children’s elementary textbooks, only 

23% of the compound characters are regular (Shu, Chen, Anderson, Wu, & Xuan, 2003), that 

is, they have identical pronunciations, including tones, to their phonetic radicals and thus can 

be fully decoded using the phonetic radical. Therefore, when learning written characters, 
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phonological decoding via the phonetic radical does not always provide children a correct 

sound, and additional support might be needed. Oral vocabulary could be used as such a 

complementary learning mechanism. In line with this idea, studies have shown that Chinese 

children’s semantic skills such as vocabulary knowledge uniquely predict their reading ability 

concurrently and longitudinally (Hu, 2013; Hulme, Zhou, Tong, Lervåg, & Burgoyne, 2019; 

McBride, Shu, Zhou, Wat, & Wagner, 2003; Pan et al., 2011; Shu, Peng, & McBride, 2008; 

Song et al., 2015; Tong, Tong, & McBride, 2017; Wang, Yin, & McBride, 2015; Zhang et 

al., 2013).  

 

Table 1. Examples of regular and irregular compound characters. 

Phonetic radical  Semantic radical  

 [fan3]   food 

Regular character  Regular character  Transparent character  Opaque character  

 [fan4]   [fan4]  rice   hall 

 

Nevertheless, it is not clear if and how oral vocabulary assists learning the written 

forms of Chinese characters. In this research, we first ask if oral vocabulary assists 

orthographic learning in Chinese. If so, we will next address whether oral vocabulary serves 

to complement phonological decoding, just like in English, or the influence of vocabulary is 

more general in Chinese character reading and learning. As building direct print-sound links 

via the phonetic radical is unreliable for most characters, it is possible that children would use 

their pre-existing vocabulary knowledge to learn all new written characters. In this case, both 

the learning of regular and irregular written characters would benefit from the presence in 

oral vocabulary. There is some evidence for this prediction. Liu and Liu (2018) have shown 

that Grade 2 children’s general vocabulary knowledge predicts their reading ability for both 



ORAL VOCABULARY AFFECTS CHINESE ORTHOGRAPHIC LEARNING 

 6 

regular and irregular characters, contrasting findings in English that vocabulary ability only 

accounted for children’s exception word reading (Ricketts, Nation, & Bishop, 2007).  

Alternatively, it is also possible that, in Chinese, oral vocabulary is more beneficial to 

orthographic learning when phonological decoding is partial or unsuccessful, as is the case in 

English (McKay et al., 2008; Wang et al., 2013). Despite the unreliable print-sound 

conversions in Chinese, research has shown that children do use phonetic radicals to read and 

learn novel compound characters (Ku & Anderson, 2003; Li et al., 2020, 2018; Li, Li, & 

Wang, 2019). If phonological decoding is also the primary underpinning of orthographic 

learning of Chinese characters, then oral vocabulary should provide the necessary assistance 

when a decoding attempt fails. That is, it could be predicted that its benefit would be more 

prominent for reading and learning of irregular characters as compared to regular characters. 

This would be consistent with the finding that children’s irregular character reading is 

predicted by their semantic skills, whereas their regular character reading is only predicted by 

phonological skills (Lau, Leung, Liang, & Lo, 2015).  

Findings from current correlational research such as Liu & Liu (2018) and Lau et al. 

(2015) do not suffice to adjudicate between the two hypotheses. To draw causal conclusions, 

training studies are needed. To our knowledge, only two studies have used a training 

paradigm to investigate the relationship between vocabulary knowledge and learning to read 

in Chinese. Zhou, Duff and Hulme (2015) taught Grade 1 and 2 children to read twelve novel 

two-character Chinese words. They found that pre-training the pronunciations of the spoken 

words benefited later reading accuracy of the written words, and teaching the meanings and 

pronunciations (i.e., oral vocabulary) improved their reading even further. Using a similar 

design, Chow (2018) also found that oral vocabulary pre-training benefited reading accuracy 

of novel characters in adult readers. Yet, these results cannot address the research questions 

of the current study. This is because they only used a reading aloud task to measure the 
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learning outcome, which on its own does not assess the acquisition of the precise 

orthographic representations. In addition, most of the items in these studies were either 

irregular or non-compound characters that cannot be phonologically decoded via the phonetic 

radical. Therefore, the results do not inform as to whether oral vocabulary benefits children’s 

orthographic learning of regular, phonologically decodable, characters. 

To investigate how oral vocabulary influences orthographic learning of regular and 

irregular Chinese characters, we re-analysed data from two studies (total N = 164) that pre-

trained oral vocabulary of some novel Chinese words before exposing children to the words 

in print. We henceforth refer to them as Study 1 (Li et al., 2018) and Study 2 (Li et al., 2020). 

The two studies used the same orthographic learning paradigm, and the differences between 

them will be outlined in the method section. Children in the two studies learned to read 

pseudocharacters through independent reading. The phonetic regularity of the 

pseudocharacters was manipulated in both studies. That is, the pronunciations of the 

pseudocharacters children learned in oral vocabulary pre-training was either the same as their 

phonetic radicals (regular) or the pronunciations did not match (irregular). After training, 

orthographic learning of the pseudocharacters was measured with spelling and orthographic 

choice tasks. Both studies provided oral vocabulary pre-training over a week prior to print 

exposure, yet there was considerable variance in the acquisition of the novel vocabulary 

across participants (Study1: range = 0 – 91.67%; Study 2: range = 0 – 75.00%). Thus, the 

data allows us to examine whether the success in oral vocabulary learning predicts 

subsequent orthographic learning, and whether its effect is modulated by phonetic regularity. 

In addition, and in contrast to previous studies, the pseudocharacters were presented in short 

stories, which created a naturalistic reading and learning environment approximate to how 

orthographic learning occurs in real-world settings. 
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In Study 1, the children’s reading accuracy of the pseudocharacters during text 

reading was recorded. We therefore used this data to also probe whether pre-existing oral 

vocabulary facilitates reading performance of novel regular and irregular characters in natural 

text when seeing them for the first time. As mentioned earlier, previous studies have only 

been able to show that vocabulary pre-training benefited reading irregular and non-compound 

characters (Chow, 2018; Zhou et al., 2015). Here we aim to investigate whether this benefit 

extends to regular characters.  

 

Methods in Li and colleagues (2018, 2020) 

Below we briefly describe the methods used in Studies 1 and 2. Table 2 presents a 

summary of the manipulated factors and outcome measures in the two studies. The 

manipulation of Zhuyin and semantic transparency in Studies 1 and 2 respectively were not 

related to our research questions. They were included in the initial analyses but were 

excluded in the final models, as they did not affect the results for the current research 

interests. Detailed information about the materials can be found in Li and colleagues (2018, 

2020). 

 

Participants 

Seventy-three Grade 2 children (age M = 8 years 1 months, SD = 4 months) 

participated in Study 1 and ninety-two Grade 4 children (age M = 10 years, SD = 4 months) 

participated in Study 2. In Study 2, one child did not complete the picture naming task (the 

measurement of oral vocabulary learning) and was excluded from the analyses. The total 

sample size in this study was 164 children. They were all from elementary schools in Taipei 

metropolitan area and were native Mandarin speakers. All participants took a Graded 

Chinese Word Recognition Test (Huang, 2001) to assess their general character reading 
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ability. The average reading score in both studies was higher than the mean score of the 

corresponding grades in the national norm (Grade 2: M = 69, SD = 23, norm M = 47.5, t (73) 

= 8.32, p < .001); Grade 4: M = 95.31, SD = 29. 93, norm M = 64.5, t (89) = 9.77, p < .001).  

 

Table 2. Summary of independent and dependent variables investigated in Studies 1 and 2.  

 Study 1 

(Li, Wang, Castles, Hsieh, & 

Marinus, 2018) 

Study 2 

(Li, Marinus, Castles, 

Hsieh, & Wang, 2020) 

Participants Grade 2 children Grade 4 children 

Independent variables   

    Phonetic Regularity* ✔ 

(regular vs. related vs. 

irregular) 

✔ 

(regular vs. irregular) 

    Semantic Transparency ✖ ✔ 

(transparent vs. opaque) 

    Presence of Zhuyin during  

    orthographic exposure 

✔ 

(Zhuyin vs. No Zhuyin) 

✖ 

Dependent variables   

    Pseudocharacter reading 

during 

    orthographic exposure* 

✔ ✖ 

    Spelling (immediate)* ✔ ✔ 

    Orthographic choice 

(immediate)* 

✔ ✔ 

    Spelling (delayed)* ✔ ✔ 

    Orthographic choice 

(delayed)* 

✔ ✔ 

Note. Variables labelled with asterisks are analysed in the current study. 

 

Orthographic learning paradigm  
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The children were exposed to twelve three-character novel words (e.g., , “super 

X machine”), where the middle character was the target pseudocharacter. The 

pseudocharacters were embedded in the three-character word structure because most Chinese 

words are constructed by a word phrase of two to three characters. The first character means 

“super” and the last character means “machine”, and they were common characters known to 

children. Because all novel words started and ended with the same characters and their 

meanings were redundant to “machine”, the assumption was that the children would focus on 

and learn the middle pseudocharacters during the training. The target pseudocharacters were 

made up of a semantic radical and a phonetic radical familiar to the children but the 

combination was novel. Some of the radicals were used in both studies, but the combinations 

were all different. An example of the pseudocharacters and the assigned pronunciations in 

both studies is provided in Table 3. In Study 2, the children learned an additional four filler 

items which were excluded from the analysis.  

 

Table 3. Examples of the conditions for the target pseudocharacters in Studies 1 and 2. 

  Study 1 Study 2 

Target pseudocharacter   
Target’s semantic radical  “thread”  “food” 

Target’s phonetic radical  [yang2]  [zhu3] 

Target’s pronunciation 

regular [yang2] [zhu3] 

related [xiang2] NA 

irregular [tao2] [tao2] 

 

In Study 1, each pseudocharacter was assigned a regular, a related and an irregular 

pronunciation. The regular pronunciation was the same as its phonetic radical; the related 

pronunciation was the pronunciation of a high-frequency neighbour of the phonetic radical; 

and the irregular pronunciation differed from the phonetic radical in both the onset and rime. 
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They all had opaque meanings, that is, their semantic radicals were all unrelated to their 

meanings. In Study 2, each pseudocharacter was assigned a regular and an irregular 

pronunciations, and they were also assigned a transparent and an opaque meanings. The 

transparent meaning was related, and the opaque meaning was unrelated to its semantic 

radical. Regularity was manipulated within-participants and counterbalanced across items in 

Study 1 and was manipulated between-participants in Study 2.  

Figure 1 presents the procedure and the tasks administered in the two studies. Oral 

vocabulary learning was administered to the entire classroom in both studies. Orthographic 

exposure and testing sessions were administered individually in Study 1 and were classroom-

based in Study 2.  

 

 

 

 

 

 

 

 

 

 

 

    

 

 

Fig 1. The procedure used in Studies 1 and 2. Note that reading accuracy of the target 

pseudocharacters was recorded during orthographic exposure in Study 1 and not in Study 2. 

Measures of learning and reading are shown in italics. 

Oral vocabulary learning 

Orthographic exposure 

• Pseudocharacter reading  

Immediate test 

•  Spelling            •   Orthographic choice 

Day 1- 4 in Week 1 

Day 5- 6 in Week 2 

Day 7 in Week 3 

• Picture naming  

Delayed test 

•   Spelling           • Orthographic choice 
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Oral vocabulary learning (Day 1-4 in Week 1). Over 4 days, the children were 

taught the pronunciation and meaning of the twelve novel words along with pictures. In 

Study 1, each child learned twelve items – 4 regular, 4 related and 4 irregular, according to 

their allocations of regularity. The items were counterbalanced across conditions and 

participants. In Study 2, half of the children learned the regular version and the other half 

learned the irregular pronunciations.  

Picture naming task (Day 5-6 in Week 2). Before the children saw the 

pseudocharacters in print, they took a picture naming task to assess their oral vocabulary 

learning. The difference on this task between Study 1 and 2 was that the former was done 

individually and the latter as a group. In Study 1, they were presented the pictures they had 

seen during the oral vocabulary learning phase and were asked to say their names aloud. In 

Study 2, they were shown the pictures and were asked to write down the pronunciations of 

their names using Zhuyin symbols (a phonological decoding aid children use to pronounce 

unfamiliar characters).   

Orthographic exposure (Day 5-6 in Week 2). Next, they were given short stories to 

read where the written forms of the pseudocharacters occurred four times. In Study 1, half of 

the children read the stories with Zhuyin symbols alongside to assist their reading and the 

other half read without Zhuyin. In study 2, all children read the stories without Zhuyin. The 

children’s reading accuracy of the pseudocharacters at the first encounter (i.e., initial reading) 

was recorded in Study 1 but not in Study 2. 

Immediate spelling and orthographic choice tasks (Day 5-6 in Week 2). 

Immediately after the children finished reading the stories, orthographic learning was 

assessed using spelling and orthographic choice tasks. In the spelling task, the novel words 

were spoken aloud to the children, and they were asked to write down the pseudocharacters 
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they had seen in the stories. In the orthographic choice task, the children were presented 

simultaneously with the target, a phonological foil and two visual distractors, and were asked 

to choose the one they had seen in the stories.  

Delayed spelling and orthographic choice tasks (Day 7 in Week 3). Approximately 

5-7 days after orthographic exposure, spelling and orthographic choice tasks were conducted 

again to assess the retention of orthographic learning.  

 

Data Analyses 

During data preparation, some data from Study 1 was excluded. For the purpose of 

our research question, we excluded data for the related items. Thus, eight items (four regular 

and four irregular) per participant was analysed. In examining the relationship between oral 

vocabulary and pseudocharacter reading, we excluded data in the condition where Zhuyin 

was presented alongside characters. This is because when Zhuyin was presented, the 

children’s reading accuracy was at ceiling (M = .97, SD = .07); therefore, it is unlikely to find 

an effect of oral vocabulary on reading.  

In total, we carried out three sets of analyses. We first conducted by-participant 

correlational analyses on the combined datasets of Studies 1 and 2 to examine the 

relationships between oral vocabulary learning, general character reading ability, 

pseudocharacter reading (in Study 1), and orthographic learning. We then fitted two separate 

logistic mixed-effects models on the combined datasets of Studies 1 and 2 to investigate 

whether oral vocabulary learning predicts spelling and orthographic choice of the regular and 

irregular pseudocharacters at the item-level. Finally, we fitted another logistic regression 

model on data from Study 1 to test whether oral vocabulary learning predicts reading 

accuracy of the regular and irregular pseudocharacters seen in stories.  
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In the mixed-effects models, oral vocabulary learning (correct vs. incorrect picture 

naming responses), regularity (regular vs. irregular) and their interaction were entered as 

predictors. We also included grade level (Grades 2 vs. 4) and testing session (immediate vs. 

delayed) as fixed covariates. Random factors included intercepts for subjects and items, as 

well as random subject and item slopes for oral vocabulary learning and regularity. Maximal 

structures were adopted using the lme4 package in the R computing environment (R Core 

Team, 2013). To facilitate model convergence, we took out the factor associated with the 

smallest variance each time (Barr, Levy, Scheepers, & Tily, 2013). The significance of a 

fixed effect was determined with a likelihood ratio test between a model that included the 

effect and a reduced model with the effect removed.  

Based on the original results of studies 1 and 2, we expected that regularity, grade 

level and testing session would influence orthographic learning (i.e., accuracy in spelling and 

orthographic choice) of the pseudocharacters. Specifically, the children would learn the 

regular pseudocharacters better than the irregular ones. The Grade 4 children would perform 

better than the Grade 2 children, and there would be a decay in orthographic learning from 

the immediate to the delayed testing sessions. For our research questions, we expected that 

items correctly identified in the picture naming task, indicating acquired oral vocabulary, 

would lead to better orthographic learning and higher reading accuracy. If oral vocabulary 

benefits orthographic learning and reading of irregular characters only or more than it does 

regular characters, we would find an interaction effect. In this case, further contrast analyses 

would be conducted to compare the effect of oral vocabulary on learning and reading of 

regular and irregular items.  

 

Results 
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We first present results of the correlational analyses examining the relationships 

between children’s performance on oral vocabulary learning, general character reading 

ability, pseudocharacter reading, and orthographic learning. We then report the item-level 

analyses examining whether children’s performance in oral vocabulary learning predicted 

spelling and orthographic choice, and whether its effect interact with the regularity of the 

pseudocharacters. Finally, we report the effect of oral vocabulary on reading accuracy of the 

pseudocharacters during story reading. 

 

The relationship between oral vocabulary learning, reading and orthographic learning 

Partial correlation coefficients (controlling for age) between the measures are reported 

in Table 4. Orthographic learning measured by spelling was moderately correlated with 

orthographic learning measured by orthographic choice (immediate: r = .49; delayed: r 

= .48). Orthographic learning assessed immediately after orthographic exposure was highly 

correlated with orthographic learning assessed after a 5-to-7-day delay (spelling: r = .66; 

orthographic choice: r = .64). Overall, the children’s general reading ability and oral 

vocabulary learning correlated significantly with their pseudocharacter reading and with 

orthographic learning. These results validate the reliability of the orthographic learning 

measures and confirm that oral vocabulary knowledge is associated with reading and 

orthographic learning of the pseudocharacters. 
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Table 4. Partial correlations (controlling for age) among general reading ability, oral 

vocabulary learning, pseudocharacter reading and orthographic learning. 

Measure  1 2 3 4 5 6 7 

1. General reading ability --       

2. Picture naming 

(oral vocabulary learning) 

.27*** --      

3. Pseudocharacter reading .22* .72*** --     

4. Spelling (immediate) .23*** .33*** .35** --    

5. Spelling (delayed) .20*** .24*** .26* .66*** --   

6. Orthographic choice 

(immediate) 

.22** .26*** .29* .49*** .36*** --  

7. Orthographic choice 

(delayed) 

.20*** .28*** .41*** .51*** .48*** .64*** -- 

*p < .05 **p < .01 ***p < .001 

 

The effect of oral vocabulary on orthographic learning of regular and irregular 

pseudocharacters 

On average, the children in the two studies had acquired substantial oral vocabulary 

of the trained items. The mean proportions of correct picture naming responses were 71.40% 

(SD = 45.23%) in Study 1 and 77.38% (SD = 41.86%) in Study 2. They had also acquired 

considerable orthographic knowledge of the target pseudocharacters. Immediately after 

orthographic exposure, the Grade 2 and Grade 4 children could correctly spell 22.36% (SD = 

41.64%) and 47.01% (SD = 48.83%) of the pseudocharacters respectively, and their 

performance maintained at 31.39% (SD = 46.43%) and 14.38% (SD = 35.12%) 

approximately a week later. They could also correctly identify the items 72.60% (SD = 

44.64%) and 79.35% (SD = 40.50%) of the time at the immediate test and 70.56% (SD = 

45.60%) and 58.56% (SD = 49.30%) at the delayed test. These data provide evidence of oral 

vocabulary learning and orthographic learning in the studies. 
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Spelling. Figure 2 shows the average correct responses in the spelling task in the 

immediate and delayed sessions by grade level, picture naming accuracy and regularity. 

There was a significant main effect of picture naming on the children’s spelling performance 

(correctly named items: M = 37.83%, SD = 48.51%; incorrectly named: M = 14.96%, SD = 

35.69%, χ2 = 20.11, df = 1, p < .001). However, the interaction between picture naming and 

regularity was not significant, χ2 = .82, df = 1, p = .366. Consistent with our expectations, the 

main effect of regularity was significant (regular: M = 49.61%, SD = 50.01%; irregular: M = 

11.93%, SD = 32.42%; χ2 = 41.65, df = 1, p < .001), as well as the main effect of grade level 

(Grade 2: M = 18.32%, SD = 38.70%; Grade 4: M = 39.68%, SD = 48.93%; χ2 = 9.23, df = 

1, p = .002). The effect of testing session was also significant (immediate: M = 38.66%, SD = 

48.71%; delayed: M = 25.61%, SD = 43.66%; χ2 = 110.80, df = 1, p < .001). 

Orthographic choice. Figure 3 shows the average correct responses in orthographic 

choice in the immediate and delayed sessions. The results demonstrated the same pattern as 

for the spelling task. There was a significant main effect of picture naming (correctly named 

items: M = 75.46%, SD = 42.44%; incorrectly named: M = 57.66%, SD = 49.44%; χ2 = 

7.90, df = 1, p = .005). The interaction between picture naming and regularity was not 

significant, χ2 = 2.36, df = 1, p = .124. Again, in line with our expectations, the main effect of 

regularity was significant (regular: M = 85.26%, SD = 35.46%; irregular: M = 56.31%, SD = 

49.62%; χ2 = 36.16, df = 1, p < .001), as well as the effect of testing session (immediate: M = 

70.21%, SD = 41.96%; delayed: M = 66.34%, SD = 47.27%; χ2 = 70.58, df = 1, p < .001). 

But the effect of grade level was not significant, χ2 = 3.48, df = 1, p = .062, although 

numerically, the Grade 4 children were more accurate than the Grade 2 children (Grade 2: M 

= 65.58%, SD = 47.53%; Grade 4: M = 75.19%, SD = 43.20%). 
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Fig 2. Average correct responses in spelling in the immediate and delayed testing sessions in 

Study 1 (i.e., Grade 2) and Study 2 (i.e., Grade 4). Ns indicate numbers of observations. Error 

bars indicate standard errors. 
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Fig 3. Average correct responses in orthographic choice in the immediate and delayed testing 

sessions in Study 1 (i.e., Grade 2) and Study 2 (i.e., Grade 4). Ns indicate numbers of 

observations. Error bars indicate standard errors. 

 

The effect of oral vocabulary on reading regular and irregular pseudocharacters in 

natural text 
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correctly named in the picture naming task, 98.55% (SD = 11.97%) were also correctly read 

aloud the first time they were seen in the stories. In comparison, for the items incorrectly 

named in the picture naming task, reading accuracy was only 55.56% (SD = 49.84 %) across 

regular and irregular items. The interaction between picture naming and regularity was not 

significant, χ2 = 3.58, df = 1, p = .059. The main effect of regularity was significant (regular: 

M = 94.44%, SD = 22.95%; irregular: M = 78.47%, SD = 41.17%; χ2 = 33.85, df = 

1, p < .001). 

 

Fig 4. Average initial reading accuracy during orthographic exposure in Study 1. Ns indicate 

numbers of observations. Error bars indicate standard errors.  

 

Discussion 

The aim of this study was to investigate if and how oral vocabulary affects 

orthographic learning and reading of novel Chinese characters in children. To address this 

aim, we reanalysed data from two training studies. In these studies, Grade 2 and Grade 4 

children were first taught the oral vocabulary of novel spoken words and were then exposed 

to their written forms. The targets were the middle pseudocharacters, with either regular or 
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irregular pronunciations. We treated correct responses in a picture naming task prior to 

orthographic exposure as an indicator of acquired oral vocabulary knowledge and used it to 

predict orthographic learning of the regular and irregular pseudocharacters. We also used data 

from the Grade 2 children in Study 1 to examine whether oral vocabulary predicts 

pseudocharacter reading in natural text. We found that oral vocabulary contributed to 

orthographic learning and reading, and its effect was not modulated by the reliability of 

phonological decoding, this is, by whether the target had regular or irregular print-to-sound 

mappings. 

As expected, we found a significant effect of oral vocabulary on orthographic 

learning. Oral vocabulary learning predicted the children’s performance in spelling and 

orthographic choice. Thus, our study adds to previous research (Chow, 2018; Zhou et al., 

2015) by showing that oral vocabulary benefits not only the generation of the pronunciations 

for novel Chinese words, but also assists with learning novel orthographic forms. 

Importantly, its effect on orthographic learning of the regular and irregular pseudocharacters 

did not differ, which is an interesting contrast to findings in English studies, showing that the 

benefit was restricted to irregular words (McKay et al., 2008; Wang et al., 2013). Although 

oral vocabulary should be particularly helpful for resolving unsuccessful decoding attempts 

and thus learning irregular characters, since decoding via the phonetic radical is often 

unreliable, readers of Chinese might rely on it more generally to acquire the orthographic 

representations of characters. In English, vocabulary knowledge may be considered as a 

secondary support to phonological decoding in the process of orthographic learning. Based 

on the results of our analyses, it seems that in Chinese, oral vocabulary makes a more general 

contribution to orthographic learning than it does in alphabetic languages. This cross-

linguistic contrast also fits well with the theories of orthographic learning that are based on 

alphabetic scripts (e.g., Share, 1995). That is, when print-sound mappings are unreliable, 
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either in the case of alphabetic irregular words (e.g., break) or in the case of an opaque 

writing system such as Chinese, the available vocabulary knowledge is used to help with 

learning to read.  

The results of our analyses also indicate that oral vocabulary assists children in 

reading aloud regular and irregular pseudocharacters when they see them in natural text. This 

finding is firstly consistent with Zhou et al. (2015) and Chow (2018), who have shown that 

oral vocabulary pre-training benefits children’s subsequent reading accuracy of irregular and 

non-compound characters. Adding to these studies, our results indicate that this benefit also 

applies to reading regular characters that can be decoded using the phonetic radical, which 

aligns with the correlational data suggesting that children’s general vocabulary knowledge 

predicts their reading ability for both regular and irregular characters (Liu & Liu, 2018). 

However, this result again contrasts with findings in English, where vocabulary is 

particularly beneficial for reading exception words (Ouellette & Beers, 2010; Ricketts et al., 

2007), and suggests that in Chinese, phonological decoding can be so unreliable that readers 

recruit resources other than the phonetic radical to help them with reading unfamiliar 

characters, even in cases when the characters can be fully decoded via the phonetic radical. 

This might be especially true for beginning readers, as most of the characters they first learn 

to read are irregular or non-compound (Shu et al., 2003), and they might not have developed 

sufficient knowledge about the phonetic radicals to use them for reading. As a result, they 

will have to particularly rely on other mechanisms such as oral vocabulary to read them. 

Additionally, compared with Chow (2018) and Zhou et al. (2015), where words or characters 

were presented to participants in lists, the orthographic learning paradigm used in Li and 

colleagues (2018, 2020) provides a more naturalistic setting that reflects how children 

typically encounter novel written words and characters during reading. Thus, our analysis 
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was the first to provide evidence that oral vocabulary knowledge supports reading novel 

characters in natural text. 

The Grade 4 children performed better than the Grade 2 children in spelling, 

indicating better orthographic learning. Although this advantage did not achieve significance 

in orthographic choice, the older children were numerically more accurate in identifying the 

correct written forms for the target pseudocharacters from distractors. Older children 

generally have more print experience and better reading ability, making them more adept at 

learning the specified orthographic representations for novel characters. Moreover, they 

might benefit from a larger oral vocabulary, which has been shown to be closely associated 

with children’s reading ability in Chinese (Hu, 2013; Hulme et al., 2019; McBride et al., 

2003; Pan et al., 2011; Tong et al., 2009) and orthographic learning skills in English (Wang 

et al., 2013). Studies 1 and 2 did not provide a reliable measure of the children’s general 

vocabulary knowledge. Future research could examine whether individual differences in pre-

existing, as opposed to experimentally induced, oral vocabulary influences children’s 

orthographic learning skill. 

The major limitation of the current study is that our analysis was based on existing 

data, which do not feature a balanced design in sample size. Specifically, there were more 

correct picture naming responses (i.e., acquired oral vocabulary) than incorrect ones, 

although the number of incorrect ones was still substantial. Linear mixed effects models are 

quite tolerant of unequal sample sizes. Yet in the present investigation, the number of 

observations in some conditions was too small for sufficiently powered analysis and hence 

conclusive results. Future studies should adopt a controlled paradigm to confirm findings 

from the present study.  

To conclude, the current study show that oral vocabulary contributes to learning the 

orthographic forms of novel Chinese characters and reading them in natural text irrespective 
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of regularity in the orthography-phonology mappings. These findings contrast with findings 

in English and suggest differences in the mechanism by which oral vocabulary facilitates 

orthographic learning across writing systems. Although there is ample correlational research 

demonstrating a relationship between children’s oral vocabulary and reading ability in 

Chinese (e.g., Hulme et al., 2019; McBride et al., 2003; Tong et al., 2017), more 

experimental research is required to reveal the mechanism underlying the relationship 

between oral vocabulary and orthographic learning.  
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