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In tonal languages such as Thai, lexical tone (the pitch of a syllable) affects word meaning. This study examined the effects of lexical tone awareness (LTA) on early word recognition and the relationship between these abilities and word reading and spelling in subsequent grades. A longitudinal design was used to assess reading-related skills in 259 Thai children, first in kindergarten (130 girls, Mage=67.25months) and later in Grade 3 (Mage=102.25months). In kindergarten, the children were tested on lexical tone identification and differentiation, early literacy skills, non-verbal IQ, and early word recognition. In Grade 3, they were tested on word reading and spelling from dictation. The hierarchical regression analyses showed that the lexical tone identification skills in kindergarten accounted for 2% of the unique variance in early word recognition. However, none of the LTA skills could predict word reading and spelling from dictation after controlling for other literacy-related skills. These findings suggest that LTA skill positively associated with early word recognition at the kindergarten level, but not for word reading and spelling from dictation at a Grade 3 level.
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INTRODUCTION

Longitudinal studies in which children’s literacy-related skills are investigated from kindergarten through to higher grades can provide valuable insights into children’s reading ability and help predict children who will develop reading disabilities or dyslexia (van Viersen et al., 2018; Verwimp et al., 2020). Studies have found a variety of cognitive skills in kindergarten children that predict their reading ability when they reach primary school (Torppa et al., 2006, 2010; De la Calle et al., 2020). In alphabetic languages, the predictors for individual differences in reading are phonological awareness (PA), letter knowledge, and rapid automatized naming (RAN), regardless of the language variations (Snowling et al., 2003; Caravolas et al., 2012).

Although it is clear that phonological awareness alone is not sufficient to account for children’s reading ability (Pennington, 2006; McGrath et al., 2020), most studies of alphabetic languages have found that children’s phonological awareness is the primary precursor of reading (Hulme and Snowling, 2013; Snowling and Melby-Lervåg, 2016; McGrath et al., 2020). Given this principle assumption, the predominant view for many years was that children’s reading ability at age 7years and older could be explained by observing their perception of phonetic segments, such as consonants and vowels in high frequency words at the kindergarten level (i.e., at the age of 4–6years; Lyytinen et al., 2015; Snowling and Hulme, 2020). Many earlier studies have focused on children’s perception and manipulation of the onset (the initial consonant or consonant cluster of the word) and rimes (the vowel and any consonants after the vowel), which are considered as major segments of oral languages (Bergen et al., 2012; Lin et al., 2018; McGrath et al., 2020). Surprisingly, only a few studies have explored children’s perceptions of suprasegmental features of speech, speech features that accompany or are added over consonants and vowels, such as stress, intonation, tones, or rhythmic timing (Ma et al., 2017).

Some studies have reported that stress sensitivity of children aged 5–12years also contributed to reading development in English (Calet et al., 2015; Arciuli, 2017; Lin et al., 2018). Other studies reported that, in Spain, children’s stress sensitivity (at age 6–8years) predicted non-word and text reading (Gutiérrez-Palma and Palma Reyes, 2007; Gutiérrrez-Palma et al., 2009), and, in the Netherlands, 3-year-old children at risk of reading disability showed more difficulty in perceiving and imitating stress than typically-developing children, indicating the delay in word stress acquisition in the at-risk group (De Bree et al., 2006). It can be assumed that suprasegmental features of a language can also affect children’s reading development.

In tonal languages, lexical tones are used to differentiate the meaning of monosyllabic words. Lexical tone shares the same linguistic function as lexical stress (Morén and Zsiga, 2006; Wong and Perrachione, 2007; Chung et al., 2017). For example, in the Thai language, there are five lexical tones with three level tones, namely mid (tone 1), low (tone 2), and high (tone 4), and two contour tones, rising-falling (tone 3), and falling-rising (tone 5; Abramson, 1962; Roengpitya, 2007). These lexical tones are important for children in learning how to use segments to form syllables with their particular assigned tones and how to use one or more syllables to build lexical words. Specifically, words with the same consonants and vowels carry different meanings if different lexical tones are superimposed on them. For example, in the Thai words, นา/naa/ ‘rice field’, หน่า/nàa/ ‘custard apple’, หน้า/nâa/ ‘face’, น้า/náa/ ‘aunt’, and หนา/nǎa/ ‘thick,’ all five words are monosyllabic minimal pairs with the same consonant and vowel sounds, except for the five contrastive tones superimposed on them. In other words, these five tones make all five words have different meanings.

When considering the differences in segmental and suprasegmental features of speech, it is interesting to explore the effects of lexical tone awareness (LTA) along with segmental phonological awareness on Thai children’s early word recognition, word reading, and spelling from dictation. Some studies of Chinese children explored the relationship between LTA and word recognition. However, all were cross-sectional studies or studies of short-term longitudinal relationships. For example, McBride-Chang et al. (2008) found that tone sensitivity assessed in children at the age of 4 was a good predictor of Cantonese children’s character recognition at the age of 5. Another study of 8-year-old Chinese children, found that difficulties in perceiving lexical tones were a good predictor for Chinese word reading difficulties (Cheung et al., 2009). Cheung’s study did not include any other factors that might affect Chinese word reading difficulties. Thus it could not be concluded that LTA plays an important role in the children’s reading progress, given that other literacy-related skills were not controlled.

This study aimed to explore how Thai children’s LTA, related to other literacy-related skills, affects their early word recognition, word reading, and single word spelling from dictation. The study involved Thai children from kindergarten to Grade 3 level. To the best of our knowledge, our study is the first to investigate longitudinal predictors of Thai word reading, and at the same time, the first to examine longitudinal predictors of reading skills in an alphasyllabary – a language that simultaneously represents sounds at the level of a syllable and a phoneme. Alphasyllabic languages are used in South and South East Asia, Ethiopia, Northern Africa, and some northern regions of North America (Nag and Snowling, 2012).



MATERIALS AND METHODS


Participants

Participants were drawn from 10 primary schools with kindergartens in Hatyai, Songkhla, a typical urban city in Thailand, selected by non-probability sampling method. The research was conducted under the approval of the Institutional Review Board (IRB) of Faculty of Medicine, Prince of Songkla University, Thailand. The parents of all participants signed consent forms prior to their children’s participation.

Three hundred and thirty children (169 females) participated in this study, being tested first at the kindergarten level (M
age=66.84months, SD=3.52) and then again when they were in the third grade (Grade 3; M
age=102.25months, SD=3.28). All children were native speakers of the Thai language, and none had a history of developmental delay in language/speech, intellectual disability, and/or sensory impairment. At the time of the Grade 3 testing 259 children, (129 males and 130 females, M
age=67.25months, SD=3.50) were still available for the second round of testing. Seventy-one children (21.52%) did not complete the study because they had moved to other schools and could not be contacted.



Measurements

The measurements taken in this study were non-verbal IQ, vocabulary, letter knowledge, RAN, phonological awareness, LTA, word recognition, word reading, and single word spelling dictation.



Non-verbal IQ

In this study, Colored Progressive Matrices (CPM) of Test of Raven et al. (1998) was used to provide a standardized non-verbal measure of general intelligence. The CPM has Thai norms for typically developing children aged 5–11years (Phattharayuttawat, 2003). It consists of three sets of 12 colored multiple-choice items that gradually increase in difficulty. Each item consists of an incomplete matrix. Children are asked to select one of six options that best complete the missing part of the matrix. Each participant’s score shows the total number of correct answers. Raw scores are converted to percentile scores to rank non-verbal intelligence based on chronological age. The CPM has been shown to have good test-retest reliability at r=0.80 (Raven et al., 1998) and high internal consistency (r=0.91; Phattharayuttawat, 2003).



Vocabulary

The Rama Pre-Read (RPR) software program was used to assess the children’s expressive language skills at the kindergarten level (Yampratoom et al., 2017). In this program, participants are asked to name as many animals and fruits they know. The number of animals and fruit named by a participant in 1min was counted. Each participant’s score shows the total number of animals and fruit. The test-retest reliability coefficient in our sample was 0.78.



Letter Knowledge

The letter-naming task in the RPR program was used to assess the participants’ letter knowledge based on how many of the 44 Thai letters they could name. In the Thai version of this program used in our study, the children were presented with one letter at a time on a single page and then asked to name the letter. If a child named a letter correctly, s/he gained one point. The letters were arranged by familiarity of the letters, starting with the first and most familiar letters (Yampratoom et al., 2017). The order of these letters is fixed in the RPR software, and the maximum score is 44. The Cronbach’s alpha reliability coefficient in our sample was 0.94.



Rapid Automatized Naming

In this test, a child is presented with a laptop screen containing five rows of familiar letters, with each row containing the same five letters arranged in different orders. Before the timed test, the children were asked to name all five letters in a practice trial to ensure they could name the letters correctly. The children were then asked to identify and read aloud the 25 letters in the specified order as quickly as possible (Yampratoom et al., 2017). A child’s score was the total number of the letters divided by the total time used (x/25). This task’s test-retest reliability was 0.91.



Phonological Awareness

The initial phoneme matching task in the RPR program was used to assess phonological awareness. Children were given three practice trials and another 10 test items in this task. For each item, a child was presented with four simple pictures. Among the four, one was the stimulus, another was the target, and the others were options. After all the pictures were named, the child was asked to identify which item from the given choices matched the same initial phoneme as the one in the stimulus. All pictures depicted monosyllabic and meaningful nouns familiar to Thai preschool children (Yampratoom et al., 2017). A participant’s score was the total number of correct answers. The Cronbach’s alpha reliability coefficient in our sample was 0.96.



Lexical Tone Awareness

Two new Thai lexical tone awareness (LTA) tasks were developed for this study, a lexical tone identification task and a lexical tone differentiation (LTD) task. Each task had 30 test items with three practical trial items. In the lexical tone identification task, children were asked to carefully listen to each syllable and identify which pictures would match the target syllable. For example, the target word/mɔ̌ ɔ/ ‘doctor’ were read aloud in Thai to the children. Then two pictures with two separate words in a minimal pair, one picture with a doctor:/mɔ̌ ɔ/ and the other with a pot/mɔ̂ɔ/, were shown, and the children were asked to select one of the two choices. In this case, the picture of the doctor was the correct answer. In the LTD task, there were 33 sets of three syllables with the same onset and rimes but with phonological tonal contrasts. This task required the children to differentiate the phonological contrastive tones in Thai. A participant’s score was the total number of correct answers. The Cronbach’s alpha reliability coefficient for the lexical tone identification task and LTD task were 0.72 and 0.89, respectively.



Word Recognition

This task was adapted from the Thai diagnostic test of reading disability developed by Mitranun et al. (2013), based on the pattern of the standard international test of reading, the Woodcock Reading Mastery Test-Revised (Mitranun et al., 2013). Two subtasks, visual-auditory learning and word identification, were combined to assess each child’s ability to accurately recognize Thai letters and words in print. The first task consisted of five single Thai characters. The second task consisted of six two-character Thai words. All the words were arranged in an ascending order of difficulty. The internal consistency reliability for this task was Cronbach’s α=0.95 (Mitranun et al., 2013).



Word Reading

The children’s word reading ability was tested using the reading accuracy subtest of the Thai version of the Wide Range Achievement Test (WRAT-Thai). This task consists of 60 words, and participants are asked to read each word out loud. All the words were arranged in ascending order of difficulty, with testing halted following 15 consecutive errors (Sayawaranon, 1997). The internal consistency reliability for this task was Cronbach’s α=0.92.



Single Word Spelling From Dictation

Single word spelling from dictation was assessed with the spelling accuracy subtest of the WRAT-Thai. This task consisted of 50 words. The participants were required to write each word as dictated into the given blank space (Sayawaranon, 1997). A participant’s score was the total number of correct words. The internal consistency reliability for this task was Cronbach’s α=0.85.



Procedure

All participants were tested individually in a separate room in their school during school hours by a child psychologist who had experiences in psychological testing. The first testing phase (from June to July 2016) was carried out when the children were in kindergarten. All children were assessed on six literacy/cognitive tasks at this time. About 3years later (July to October 2019), they were contacted again for assessment of word reading and spelling from dictation. At the kindergarten level, the tests lasted approximately 45min. At the Grade 3 level, the tests lasted 1h. Following the IRB guidelines, the informed consent was obtained from all children’s parents before each testing phase. For the statistical analyses, SPSS 26.0 was used to conduct descriptive and regression analyses.




RESULTS

The results are presented in two sections: descriptive analysis and prediction of word recognition, reading, and spelling from dictation.


Descriptive Analysis

The means and SDs for all measures used in our study are shown in Table 1. There were no missing data, and all the analyses were performed with a full dataset of 259 participants. An examination of the measures’ distributional properties revealed that they were within acceptable levels.



TABLE 1. Correlations between the variables.
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Table 1 shows the correlations among all variables used in the following hierarchical regression analyses. Both measures of LTA correlated moderately with each other (r=0.42). Both tests also correlated moderately with word recognition, word reading, and word spelling from dictation at the Grade 3 level (rs ranged from 0.33 to 0.43). However, the correlation with word recognition at the kindergarten level (rs ranged from 0.39 to 0.43) was generally higher than the correlation with word reading and word spelling from dictation at the Grade 3 level (rs ranged from 0.33 to 0.37).



Predicting Word Recognition, Reading, and Spelling From Dictation

We further investigated how children’s LTA skills would affect early word recognition and their future word reading and spelling from dictation by carrying out three sets of hierarchical regression analyses separately for word recognition at the kindergarten level, and word reading and spelling from dictation at the Grade 3 level (Table 2).



TABLE 2. Hierarchical regression analyses with measures in the Kindergarten level as predictors of word recognition.
[image: Table2]

In all regression analyses, non-verbal IQ, vocabulary, and mother’s education were entered as control variables in Model 1 of the regression equation. In Model 2, a set of literacy-related skills, letter-sound knowledge, RAN, and phonological awareness, were entered. In Model 3, the LTA skills were entered as a set to evaluate the shared and unique contributions. Tables 2–4 report the R2, standardized betas, and significance levels of each step of the regression analysis for word recognition, reading, and spelling from dictation, respectively.


Word Recognition in Kindergarten

The first set of analyses examined how children’s LTA skills affected word recognition in kindergarten relative to other literacy-related skills. The LTA skills accounted for a significant amount of variance in word recognition (Table 2). The joint contribution of the two LTA skills to word recognition did not substantially surpass their individual contribution. However, only lexical tone identification was a significant predictor of word recognition when entered as a set of LTA skills and at the same step with the rest of the LTA skills. The literacy-related skills accounted for a significant 20% of variance in word recognition, after the effects of non-verbal IQ, vocabulary, and mother’s education were controlled. The standardized beta coefficients further confirmed that letter-sound knowledge (β=0.30), phonological awareness (β=0.20), RAN (β=0.18), and lexical tone identification (β=0.14) were the significant predictors associated with children’s early word recognition.



Word Reading in Grade 3

The second set of analyses was performed to evaluate how children’s LTA could affect word reading in Grade 3, as opposed to other literacy-related skills. The results showed that none of the LTA skills significantly predicted word reading in Grade 3 (Table 3). In contrast, the literacy-related skills accounted for a significant 14% of variance in word reading, after the effects of non-verbal IQ, vocabulary, and mother’s education were controlled. The standardized beta coefficients further confirmed that letter-sound knowledge (β=0.22), RAN (β=0.21), and phonological awareness (β=0.13) were the three significant predictors associated with children’s word reading in Grade 3.



TABLE 3. Hierarchical regression analyses with measures in the Kindergarten level as predictors of word reading in Grade 3.
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Word Spelling From Dictation in Grade 3

The final set of analyses was performed to evaluate how children’s LTA could affect word spelling from dictation in Grade 3, in contrast with other literacy-related skills. Again, the results showed that none of the LTA skills was a significant predictor of word spelling from dictation in Grade 3 (Table 4). The literacy-related skills accounted for a significant 15% of variance in word spelling from dictation, after the effects of non-verbal IQ, vocabulary, and mother’s education were controlled. However, the standardized beta coefficients showed that letter-sound knowledge (β=0.32) and RAN (β=0.15) were the two significant predictors associated with children’s word spelling from dictation in Grade 3, while phonological awareness was not.



TABLE 4. Hierarchical regression analyses with measures in the Kindergarten level as predictors of word spelling from dictation in Grade 3.
[image: Table4]





DISCUSSION

This study examined the effects of the Thai LTA on early word recognition, word reading, and word spelling from dictation. The roles of other key existing predictors (letter knowledge, RAN, and phonological awareness) all together were also investigated. Although the results of this study indicated that LTA had a significant effect on early word recognition, which was estimated together with other predictors while the child was in kindergarten, it was not a predictor for word reading and single word spelling from dictation in Grade 3 children.

The results of this study concur with Tong et al. (2015). Their cross-sectional study examined the role of LTA and other literacy-related skills in children aged 5–6years. These children had Cantonese as their first language, and it was found that LTA was related to word recognition after other related factors were controlled. The current study was also consistent with an earlier study of English-speaking adults using Mandarin or Cantonese as a second language that also found that LTA was a significant predictor of word recognition (Wong and Perrachione, 2007; Tong et al., 2015).

However, our study advanced the findings of Tong et al. (2015) by using more tests to study both types of LTA: (1) the lexical tone identification task drawing on high-level lexical pitch abilities, i.e., the tone-semantic association of known words, and (2) the LTD task, which assessed low-level or non-lexical pitch abilities unrelated to word meaning, i.e., a pure tone perception task at the acoustic level. Previous work with adults examined only pure tone perception, which was found to play an important role in word recognition prediction (Cooper and Wang, 2012). The study of preschool children of Tong et al. (2015) specifically examined lexical tone identification tasks, which were also found to play a role in recognition prediction.

The current findings extend previous work that found that, at the kindergarten level, lexical tone identification only plays an important role in word recognition. In contrast, pure tone perception did not have a significant role after other key factors were controlled. These results highlight that learning to read is closely related to learning vocabulary. Our findings confirmed the “pitch to semantic mapping” hypothesis for reading tonal languages (Nguyễn et al., 2008). The results also affirmed the relationship between suprasegmental phonology and word reading according to recent word reading theory, which proposed a link between suprasegmental phonology and word reading (Arciuli et al., 2010). Our findings are consistent with studies that have indicated that English stress sensitivity was similarly associated with word recognition (Holliman et al., 2010; Goswami et al., 2013). Our study complemented this knowledge in an alphasyllabary language where lexical tones were also used to differentiate word meanings.

When considering other literacy-related skills of the Thai kindergarteners in our study, the skills that significantly affected word recognition were letter knowledge, phonological awareness, RAN, and LTA. However, when considering the longitudinal findings at the Grade 3 level, LTA did not play a role in word reading or word spelling from dictation. However, there were still three predictive factors, namely, letter knowledge (the most important predictor), followed by RAN, and phonological awareness.

It could be concluded that both segmental and suprasegmental phonological awareness had limited predictive abilities for both reading and spelling when the children had advanced to primary level. These general findings corresponded to a longitudinal study in native Cantonese children, which also found that LTA did not affect word reading prediction when children had advanced to primary level (McBride-Chang et al., 2011).

Given the unique educational challenges in a country using an alphasyllabary (Vibulpatanavong and Evans, 2019), formal literacy instruction usually begins at a very early age, and children learn the alphabet earlier than usual. This makes letter knowledge and RAN better predictors for word reading and word spelling from dictation at the higher (primary school) level when compared to both segmental and suprasegmental phonological awareness. Children learn letters and recognize letter shapes before they learn the phonological sounds. In Thailand and other countries where the native language is an alphasyllabary, children learn how to read by learning the alphabet first. Most schools in Thailand do not provide any type of phonic-based instruction. When children learn letters in the early grades, they learn how to combine words with consonants and vowels and learn Thai tones without systematic phonics instruction. Thus, neither segmental nor suprasegmental phonological awareness measured at the kindergarten level is a useful predictor for later word reading and word spelling from dictation.

In terms of clinical implications, it can be concluded that neither LTA test is particularly useful as a predictor of later word reading or word spelling from dictation. We did find a significant role of both letter knowledge and RAN as predictors for word reading and word spelling from dictation in Grade 3, which might then also have some use in predicting the possibility of a child having or developing a reading disability.

There are some limitations to this study. First, because of the limited reading tests available in Thailand, literacy skills can be measured only through word reading and word spelling from dictation. However, another test is planned for future assessment of reading fluency and comprehension. Second, this study assessed phonological awareness using only initial-sound matching, which may not represent all phonological awareness skills. Third, this study evaluated RAN only for letter naming, which may not have been the most appropriate choice as not all children can say their letters clearly at the kindergarten level. However, as noted, formal literacy instruction begins at a very early age in Thailand; thus, we felt this task would be useful. Fourth, although our study has evidenced that LTA played a role in word recognition and that their relations may vary according to children’s characteristics, family background, or even school-level factors. Moreover, various relationships among all direct and indirect variables (e.g., LTA, PA, and vocabulary) that could be either direct or indirect can be shown in a path diagram. Structural equation modeling should be studied to provide an extension to multiple regressions of our finding, particularly when involving more variables to produce path analysis.

Despite these limitations, this study was the first longitudinal study to examine the reading predictors in an alphasyllabary language and also longitudinal predictors which assessed lexical tones, both the lexical tone identification task with a focus on the lexical tone identification of familiar words and the pure tone perception task, as predictors of future reading skills.



CONCLUSION

Our study contributes to a growing body of research on different typological groups of languages showing that LTA skills are important in the early phase of reading development in children but not for reading development at the primary level. Our findings showed the joint contribution of letter knowledge and RAN to word reading and spelling from dictation. This suggests further studies are required to assess the degree of letter knowledge and RAN at the kindergarten level, ultimately enabling more effective early identification of children at risk of reading disability.
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