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ABSTRACT 
Integrating the state-of-the-art Automatic Technology (AI) 
technology into the Computer-Assisted Pronunciation 
Training (CAPT) system to assist language acquisition 
could address the various drawbacks of conventional 
pronunciation and enhance its effectiveness. However, 
little attention has been given to their application in 
Chinese language acquisition, and the lack of guidelines 
grounded in Second Language Acquisition (SLA) theories 
and pronunciation pedagogy has led to the tension 
between technology and pedagogy, limited the 
understanding of their application beyond English, and 
hindered their broader application. Grounded in the 
knowledge framework of AI-based Chinese CAPT system 
based on the Richey and Klein’s (2007) Design and 
Development Research (DDR) framework, the Monitor 
Theory and the Speech Acquisition Model (SAM), this study 
aimed to establish the content knowledge base informed by 
Chinese pronunciation pedagogy and derive evidence-
based, pedagogically sound design guidelines for the AI-
based Chinese CAPT system for non-native Chinese 
learners. Alongside the guidelines previously derived from 
the SLA Interactive theories and Oral Corrective Feedback 
(OCF) research in the Chinese setting, these could inform 
future design and development of the system. Employing 
the qualitative method of thematic analysis, three key 
themes were identified from a literature review on Chinese 
pronunciation acquisition, leading to the formulation of 
pedagogical design guidelines. These findings offer 
valuable insights into Chinese pronunciation practices and 
learners’ needs, providing a robust theoretical and 
empirical foundation for future design and development 
research. Finally, the study discussed its limitations and 
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contributions. 

 
Contribution/Originality: The contributions of this study are threefold: it extends the 
scholarship on CAPT system design to the Chinese linguistic context, establishes a 
content knowledge base for future reference, and proposes a paradigm to address the 
technology-pedagogy tension inherent in integrating advanced AI into language 
learning. 

 
  

1. Introduction  
 

Despite the rapid increase of Chinese learners worldwide witnessed in recent decades, 
Chinese learners’ speaking ability was far behind their reading and writing skills based 
on the data of HSK/HSKK results (Ding et al. 2021). Promoting Chinese speech ability 
through pronunciation has become a new, promising breakthrough and urgent issue 
(Liu et al., 2021). As a recent technological advancement, AI has been embraced by 
language educators to improve language learning and has demonstrated significant 
potential to improvement in this area (Wang et al., 2024). Integration of AI application 
into conventional language learning classroom could provide promising solutions to the 
problems encountered by the conventional instruction, such as insufficient chances for 
practice (Hsiao et al., 2015), lack of personalized feedback to students (Chen et al., 
2022), and the feeling of anxiety when speaking a new language in front of others 
(Leeuwestein et al., 2021). However, its application in designing language education 
across diverse learning environments has been relatively uncommon (Pikhart, 2020). 
They need to be grounded in pedagogical and learning science theory (Luckin & 
Cukurova, 2019; Zawacki-Richter et al., 2019), as well as sociocultural and ethical 
factors (Lee et. al., 2023), and must serve the specific goals and contexts of their 
intended education use (Zhai et al., 2021).  
 
The CAPT systems powered by AI have increasingly seen as a valuable method for 
improving the pronunciation of second language (L2) learners (Amrate & Tsai, 2024；

Cengiz, 2023；) and shown favorable learning outcomes for language learners (Cengiz, 
2023). However, two significant limitations characterize the current research. First, few 
studies are theoretically grounded (Cengiz, 2023), or explore languages other than 
English (Amrate & Tsai, 2024; Cengiz, 2023), especially Chinese. Second, a persistent gap 
exists between how CAPT systems are engineered and the pedagogical approaches 
proven effective for teaching pronunciation (Amrate & Tsai, 2024; Levis, 2007; Neri et 
al., 2002). This disconnect has fostered skepticism about CAPT’s true training value and 
its potential for widespread adoption. 
 
1.1. Research Objectives 
 
This study, grounded in the knowledge framework of AI-based Chinese CAPT system 
previously constructed on the Richey and Klein’s (2007) DDR framework by the authors, 
aimed to establish the content knowledge base informed by Chinese pronunciation 
pedagogy research, the Monitor Theory and SAM, then derive evidence-based, 
pedagogically sound design guidelines for the future AI-based Chinese CAPT system for 
non-native Chinese learners. The study will contribute significantly to the field by 
offering in-depth insights into Chinese pronunciation, spreading the research stream of 
CAPT into the Chinese setting, and enriching the theoretical and practice framework of 
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CAPT design-based research. Ultimately, it will offers an alternative solution for the 
application of AI in language learning studies.  
 To meet the research objective, the study was guided by the following research 
questions:  
 
RQ1: What are the major research streams in the field of Chinese pronunciation 
training?  
 
RQ2: What insights could be drawn from those empirical studies? 
 
RQ3: What principles for the design and development of an AI-based CAPT system could 
be derived from the answers to the above research questions? 
 
 To address RQ1, some definitions were explained, providing the necessary knowledge 
to better understand this study. Then, a literature review on the Chinese pronunciation 
research was conducted based on the knowledge base of the AI-based Chinese CAPT 
system, which was previously constructed by the author (Jiang et al., 2025) on the 
grounds of the DDR framework by Richey and Klein (2007), laying the theoretical 
foundation of this study.  
 
2. Literature 
 
2.1. DDR and Its Knowledge Base 
 
DDR, design and development research, refers to “the systematic study of design, 

development, and evaluation processes with the aim of establishing an empirical basis for the 

creation of instructional and non-instructional products and tools and new or enhanced models 

that govern their development” (Richey & Klein, 2007). Systematic and empirical in 
approach, this research addresses real-world problems and builds upon prior work. Its 
scope can include the study of products and tools, development research, and the testing 
of theoretical models. As outlined by Richey & Klein (2007), the knowledge base of DDR 
is both broad and interdisciplinary, being fundamentally shaped by both cross-
disciplinary foundations and domain-specific inquiry. As shown in Figure 1, the 
integrated base is typically applied through at least e four key areas of research and 
theoretical areas: psychological learning research, instructional theory, communication 
theory, and the research on design and development.  
 
To better understand how these knowledge bases could support and inform the DDR in 
this study, an analysis of the interrelationships among these components was conducted. 
These four components can be grouped into expertise knowledge base, technology 
knowledge base and procedure knowledge base. The “expertise knowledge base” 
compasses the first two components, focusing on the specific knowledge and practice 
required to design and develop a product, ensuring a strong theoretical and empirical 
foundation within the field where the tool will be used. The “technology knowledge 
base” refers to the third component of technology which can be utilized to facilitate the 
pedagogical purpose and promote the pedagogical effect. The “procedure knowledge 
base” is the fourth component concerning the processes related to product design and 
development, focusing the management of design procedures to ensure rigor and high 
quality. While the first two knowledge bases are relatively independent and may overlap, 
the fourth component integrates and supervises the entire design and development 
process, incorporating multiple interactive cycles and ongoing evaluations. Therefore, 
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the Richey and Klein's (2007) framework of the DDR knowledge base has been modified 
as Figure 2. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 
Source: Adapted from Richey and Klein (2007) 
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2.2. The Knowledge Framework of Developed AI-based Chinese CAPT 
 
Based on the above modified knowledge framework of DDR, the knowledge base of the 
developed AI-based Chinese CAPT system were constructed, as shown in Figure 3, which 
serves as the foundation of the literature review of Chinese pronunciation research in 
this study. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Source: Created by the researcher 
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vibration frequency of the vocal cords when pronouncing a Chinese syllable. There are 
four basic tones: First Tone, Second Tone, Third Tone, and Fourth Tone (Huang, 2021), 
which can be represented by the numerical values 55, 35, 214, and 51 based on a 5-scale 
developed by Zhao Yuanren, as shown in Figure 4, and are characterized by level, rising, 
rising-then-falling and falling pitch contours, respectively (Huang, 2021). Chinese tone 
can alter the meaning of the character (Chen, 2020). A character with the same pinyin 
but different tones mean different. For example, the character 教 (jiào) can be read as 
the first tone (jiāo), meaning "to teach", and the fourth tone (jiào), meaning "teacher", 
shown in Figure 5. 
 
 
 

 
 
 
 
 
 
 
 
 
Source: Created by the researcher. Adapted from Huang, B., & Liao, X. (2021). Modern 

Chinese (6th ed.). Higher Education Press. 
 
  
 
 
 
 
 

Source: Created by the research 
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rising tone valued as 35 when followed by another third tone character, or a falling tone 
valued as 21 when followed by another character with tones other than the third tone, 
as illustrated in Figure 6.  
 
 
 
 
 
 

Source: Created by the researcher 
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Song, 2009; Wang, 2016; Yang, 2021; Yi, 2021). Many learners still struggle with serious 
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al., 2021; Song, 2009) after years of Chinese learning. According to a preliminary and 
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systematic investigation of the characteristics and patterns of 25 L1 learners, Ran 
(2019) presented that the proportion of tone errors is much higher than that of initials 
and finals among 528 error items of typical Chinese speech errors. The average numbers 
of participants who committed tone, initial and final errors were 27.2, 7.23 and 5.83, 
respectively. This indicated that some learners committed errors with initial and final, 
while almost all learners made tone errors. Tone errors were unlikely to be naturally 
corrected or acquired as learners do with other elements (Chen, 2020; Chen & Wang, 
2008), such as vocabulary and grammar, especially after the critical period. If learners 
lack a solid phonetic foundation and do not pay attention to correction and practice, 
these errors are likely to persist (Chen, 2020). As a result, helping learners acquire 
Chinese tones is a critical issue in pronunciation acquisition (Lin, 2016).  
 
Due to the unique role of tone in Chinese language, its high likelihood of making errors, 
and the hot discussion sparked among scholars, its pedagogical practice research could 
imply some common rules of Chinese language pronunciation training and provide deep 
insights to inform the way of integrating AI technology into Chinese pronunciation 
training and the DDR of AI-based Chinese CAPT systems.  
 
3. Research Methods 
 
A qualitatively systematic and thematic analysis method was adopted. Firstly, a 
thorough search was performed across China National Knowledge Infrastructure (CNKI) 
and Chinese Social Sciences Citation Index (SSCI) databases. Secondly, a primary screen 
was conducted based on inclusion criteria through abstracts and titles, deleting the 
duplicate studies. Thirdly, the selected studies were read throughout and carefully. 
Fourthly, identify the main themes through comparison, contrast and analysis. Lastly, 
synthesized and presented the result. The inclusion criteria are that the study is about 
the Chinese tone acquisition in non-native Chinese learners indexed by CNKI and SSCI. 
The thematic analysis is based on the six steps: be acquaint with data, develop initial 
codes, search for themes, review themes, define and label themes, create report (Braun 
& Clarke, 2006). 
 
4. Results 
 
Through scrutinizing, analysis and synthesis, three themes were finally identified. They 
are (1) types of learners’ tone errors, (2) negative transfer from the native language, and 
(3) the effectiveness of perceptions towards tone acquisition. Three sub-themes were 
identified about the last theme: (1) the establishment of learners’ sense of tone 
awareness, (2) the correlation between perception and production, and (3) facilitating 
output through perception. Study methods involved auditory listening, manual 
recording, contrastive analysis, and experiments. Alongside the development of the 
cutting-edge AI technology, Automatic Speech Recognition (ASR) could extract acoustic 
information and present clear and predefined units (hertz, milliseconds) of the given 
speech, allowing an objective comparison between the target speech and learners’ 
speech. It has been employed in Chinese pronunciation teaching and research to identify 
learners’ tone errors and test the effectiveness of facilitating pronunciation acquisition 
through enhancing perception. 
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4.1. Types of Tone Errors 

The identification of tone errors has been one of the main topics in the field of Chinese 
pronunciation learning. It enables us to understand how the learners’ inter-language of 
Chinese tone developed during the process of tone acquisition (Ran, 2019). According to 
Krahsen’s Natural Order Hypothesis of the Monitor Theory, learners acquire the specific 
forms of language in predictable sequences, guided by their innate language acquisition 
faculty. This process occurs independently of instructional sequences and the 
complexity of acquired structures. Therefore, predicting the difficulty order of 
acquisition based on tone error identification has been one of the main research streams 
since the early 1980s. The higher error rates indicate the higher difficulty level in 
acquisition.  

Tone errors were categorized into two groups according to the learners’ native 
languages: learners speaking non-tonal native languages and the other speaking tonal 
native languages.  

4.1.1. Tone errors committed by learners speaking non-tonal native languages  

The learners speaking non-tonal native languages involved those from America, Japan, 
Korea, and Russia etc. Both Shen (1989), Gui (2000) and Wang (2016) examined tone 
errors committed by American learners. Shen (1989) analyzed learners’ tone errors in a 
specific passage, while Gui (2000) studied tone errors in disyllabic and trisyllabic words 
and phrases. Besides American learners, Wang (2016) also studied tone errors 
committed by Japanese and Korean learners. Based on the error rates, Shen (1989) and 
Ran and Yu (2019) predicted different orders of tone difficulty from the most 
challenging to the least, as shown in Table 1.  
 
 

Table 1: Predicted Different Difficulty Order of Chinese Basic Tones 

Source: Created by the researcher 
 
ASR technology was employed to assist in identifying learners’ tone errors since the 
2010s. Guo and Xuan (2013) and Gao and Li (2018) utilized software of Praat and Mini-
Speech Lab to investigate the tone errors committed by American beginners and Russian 
two-year learners, respectively, through measuring and comparing the differences of 
native Chinese speakers’ and learners’ pronunciation spectrum. Gao and Li (2018) found 
that the duration order of Chinese tones was stable, with the order from the longest to 
the shortest being Third Tone>First Tone>Second Tone >Fourth Tone. Whereas Russian 
learners exhibited shorter and more unstable tone duration. Their tone ranges were 
comparatively narrower, with starting points generally lower than those of native 
Chinese speakers. Regarding tone patterns, the Second Tone was most likely 
mispronounced and confused with the Third Tone.  
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4.1.2. Tone errors committed by learners speaking tonal native languages 
 
The learners speaking tonal-language native languages were mainly Vietnamese and 
Thai. Wu and Hu (2004) found that Vietnamese learners made Fourth Tone errors the 
most (62%), followed by the Third Tone (39%), the First Tone (21%), and the Second 
Tone (19%). Li (1995) and Xu (2009) studied Thai learners’ tone errors. Li (1995) noted 
that Thai learners made more errors with the Chinese First Tone and Fourth Tone, 
which is similar to the reports of American Chinese learners by Shen (1989). The First 
Tone produced by Thai learners is typically lower than that of native Chinese speakers, 
while the Fourth Tone produced by Thai learners is often longer than that of native 
speakers.  

4.2. Negative transfer from the native language 
 
According to behavioral structuralism, the First language (L1) that a learner has 
acquired before learning L2 is one main factor influencing the internalization of the new 
L2 behavior, which is referred to as transfer. Transfer can be beneficial or obstructive to 
SLA, depending on how different the construction of L2 is from that of L1. The more 
different a particular L2 pattern is from the learner’s L1, the more challenging it will be 
to acquire, and the more likely errors are to occur. The contrastive analysis approach 
was the most frequently used approach to explain why errors occurred through 
comparing the differences between two languages. In acquiring Chinese tones, learners 
tend to rely on familiar linguistic patterns: they often use native-language tone as a 
reference if they speak a tonal language, or native intonation if they speak a non-tonal 
language. 
 
According to Wu and Hu (2004), Vietnamese Chinese learners usually exhibited the 
highest error rates with the Chinese Fourth Tone, because Vietnamese lacks a falling 
tone similar to the Chinese Fourth Tone. And due to the overall tone range of 
Vietnamese being narrower and not including a tone with the value of 55 of the Chinese 
First Tone, they usually uttered the Chinese First tone at a value of 44. Li (1995) also 
posited that Thai Chinese learners often committed the error of uttering the Chinese 
First Tone at a lower starting point than that of native Chinese speakers, as the starting 
point of the first tone in the Thai language is lower than that of the Chinese First Tone.  
 
Whereas non-tonal native languages learners, such as English and Russian, were often 
influenced by the intonation of their native language. Gui (2000) reported that American 
Chinese learners tended to produce Chinese tones using the corresponding intonation 
patterns of American English. Similarly, Russian learners also attempted to identify 
similar phonetic elements in Russian to aid their Chinese tones learning. They often 
struggled with the Chinese Third Tone, and the duration of tones they pronounce is 
typically shorter than those pronounced by Chinese native speakers. This discrepancy is 
attributed to the negative transfer from Russian intonation, which is characterized by 
short, fast, and light (Gao & Li, 2018).  
 
4.3. The Effectiveness of Auditory Perception towards Tone Acquisition 
 
Besides the negative transfer from L1, more cognitive and psychological factors, such as 
motivation, the amount of practice a learner engages in, and the potential impact of 
missing the CAH for language acquisition (Gui, 2000), particularly perception, were also 
found to affect tone acquisition. From a psychological and cognitive perspective, the 
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acquisition of pronunciation is a sound-centered process within the vocal-auditory 
modality (Anderson et al., 2022). This process involves a series of interconnected mental 
activities, encompassing the transmission and processing of language information, as 
well as its encoding, storage, and retrieval in memory. Effective communication helps to 
bridge any confusion or gaps between the learner and the speaker, linking language 
forms to meaningful messages. 
 
Researchers have established a consensus, both theoretically and empirically, on the 
interconnection between perception and production (Saito & Plonske, 2019). Nagle 
(2018) argued that the complementary roles of perception and production were 
essential for effective L2 speech acquisition. Phonetic perception was the precursor to 
pronunciation production (Fledge, 1999, Speech Learning Model, Lee et al., 2020; Nagle, 
2021), and has been proved to positively facilitate production (e.g. Nagle, 2021; O’Brien 
et al., 2018), helping learners recognize the exact vocal forms of a language. Failure to 
perceive and understand each tone's distinctive features can lead to wrong utterances.  
 
 Concerning perception and production, researchers mainly studied: (1) the 
establishment of learners’ sense of tone awareness, (2) the correlation between 
perception and production, and (3) facilitating output through perception.  
 
4.3.1. The establishment of learners’ sense of tone awareness 
 
According to linguistics research findings, even though various people may have varied 
absolute tone levels, they all share the same comparative pitch and pattern, which are 
distinguishing characteristics, which is the most fundamental element of phonological 
structure that distinguishes on sound from another within a language. Each Chinese 
basic tone possesses a unique characteristic: the First Tone is high and level, the Second 
Tone is a rising tone commencing at the mid-level, the Third Tone is a falling-rising tone, 
and the Fourth Tone is a falling tone.  
 
In the pedagogical practice, phonetic awareness is mainly developed through structured 
speech activities, where the specified pronunciation features are elicited and practiced 
through a variety of exercises, such as phonetic transcription, listen-and-repeat, or read-
aloud (Amrate & Tsai, 2024). This approach is considered especially effective for 
focusing on discrete phonetic features, like vowels, consonants, stress, and intonation 
(Immonen et al., 2022). Tone awareness refers to an individual’s ability to respond to 
and control tonal features during the processes of tone production and perception. It 
reflects not only one’s metalinguistic competence but also one’s linguistic ability (Chen, 
2008). The accuracy of phonetic perception is a crucial factor influencing the accuracy of 
speech production (Chen, 2020; Deng & Lin, 2017). When the accuracy rate of 
perception reaches 80%, learners are considered to have established a sense of Chinese 
phonetic awareness (Yi, 2021). This implies that they can distinguish tones even when 
variations occur due to the influence of adjacent tones in conversational flow. 
 
Yi (2021) argued that, after one year of learning, Malaysian Chinese learners could 
establish a sense of tone awareness for single characters. Both their accuracies of tone 
recognition with true and false characters were more than 80%. However, their sense of 
tone awareness for dual characters has not been built, as only the tone perception of 
true dual words met the acquisition standard. Wang (2016) also reported that students 
from the United States, Japan, and Korea committed fewer tone perception errors with 
single characters than with dual words.  
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4.3.2. Perception and production development 
 
Some researchers examined the relationship between perception and production by 
contrasting their accuracy rates through experiments. Chen (2020) investigated the 
error rates of the perception and production among learners after receiving three 
months of instruction, while Huang (2022) did this among the intermediate-level 
Chinese learners.  
 
Regarding the difficulty order of perception and production, Chen (2020) and Huang 
(2022) reported quite different results. Chen (2020) found the most difficult tones for 
perception and production were Tone two and Tone Three, respectively (shown in Table 
2). Huang Bin (2022) presented that Tone Third was the most difficult one both for 
perception and production. Table 3 presents his findings both from the most difficult to 
the least.  
  

Table 2: Tone Difficult Order for Perception and Production Identified by Chen Hong 
(2020) 

 

 
Source: Created by the researcher 

 
Table 3: Tone Difficult Order for Perception and Production Identified by Huang 

Bin (2022) 
 

Source: created by the researcher 
 

Despite the mixed picture for the difficulty orders of perception and production, both 
Chen (2020) and Huang (2022) found an overall higher accuracy of tone perception than 
that of production. In addition, Huang (2022) noticed the difference between the error 
rates of perception and production of single characters and dual words. As to 
perception, the error rates of Second Tone and Third Tone were higher than the other 
two tones. The error rates of single characters were 19.62% and 5.38%, respectively, 
whereas those of dual words were 22.36% and 27.28%, respectively. When comes to 
production, the error rates of Third Tone and First Tone exhibited higher error rates 
compared to the other two tones. The error rates of single characters were 35% and 
3.37%, respectively, and those of dual words were 24.52% and 16.38%. Table 4 presents 
the findings of Huang Bin (2022). 

 
Table 4: Tone Difficult Order for Perception and Production Identified by Huang 

Bin (2022) 

 Difficult order 
Perception Second tone (74.2%)>First tone (84.19%)>Fourth tone (89.49%)>Third tone 

(90.89%),  
Production  Third tone (51.7%)>Second tone (56.64%)>Fourth tone (76.17%)>First tone 

(90.49%)  

 Difficulty order 
Perception Third tone>Second tone>First tone>Fourth to 
Production Third tone>First tone>Second tone>Fourth tone 

 Single-character 
word or Dual-
character word 

The 1st 
Tone 

The 2nd 
Tone  

The 3rd 
Tone 

The 4th 
Tone 
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Source: created by the researcher 
 
4.3.3 Facilitating production through perception 
 
Based on the SAM, perception is the precursor of production. Experiment studies have 
demonstrated that perceptual training can facilitate Chinese pronunciation (Deng, 2017; 
Wang et al., 1999; Yang, 2021). Failure to perception would affect production. During a 
two-month experiment, Deng and Lin (2017) investigated how Chinese tone perceptual 
training affected the tone generation of six non-tonal native language learners from 
European. The results indicated that their improvements in Chinese tone perception 
significantly enhanced their pronunciation of Chinese tones in both the short and long 
term. Yang (2021) also found that audio-visual perceptual training could significantly 
facilitate the pronunciation learning of untrained words. 
 
Moreover, the use of automated tonal feedback has been demonstrated to significantly 
enhance learners’ perception of Chinese tones, thereby facilitating better pronunciation. 
A study by Chen (2022) involving a four-week training focused on word found that the 
group receiving Praat-assisted feedback made much greater progress compared to the 
control group. In the afterword interview, participants expressed a preference for 
replicate the corrected tones and comparing their own tone contours with those of the 
corrected ones. The findings underscore the value of incorporating research-driven 
technologies and automated tonal feedback into the pedagogy of Chinese as a foreign 
language. 
 
5. Implications  
 
This section addresses RQ2 and 3 to identify the implications and outline the general 
guidelines for the design of the AI-based Chinese CAPT system, informed by the insight 
of literature review of Chinese pronunciation research and discussion grounded in the 
relevant SLA theories. From the literature review, this study identified three themes: 
types of learners’ tone errors, negative transfer from the native language, and the 
effectiveness of perceptions towards tone acquisition. As to the last theme, another 
three sub-themes were identified: (1) the establishment of the sense of tone awareness, 
(2) the interaction effect between the phonetic perception and its production.(3) 
facilitating pronunciation production through the enhancement of perception. These 
results imply the ongoing study trends about the Chinese pronunciation: (1) AI 
technology has been variously involved in Chinese pronunciation acquisition since the 
late 1980s; (2) Facilitating the pronunciation acquisition through its perception has 
become a main study stream and proved effective. The following parts illustrate the 
enlightenment given by each theme, then the guidelines derived for the designing of AI-
base Chinese CAPT. 
 
 In terms of the types of tone errors and the root of error commitment, researchers 
found that both learners, either speaking tonal or non-tonal native languages, committed 
tone errors in various materials, including single characters, dual characters, trisyllables, 
phrases and passages. Though aiming to identify the difficulty learning order to predict 
the acquisition sequence of tone based on the tone errors according to Krahenmann’s 

Perception 
of the tone 

single * 19.62 5.38 * 
dual * 22.36 27.28 * 

Production 
of the tone 

single 3.37 * 35 * 
dual 16.38 * 24.52 * 
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Natural Order Hypothesis, researchers did not find the absolutely same order. Even 
within either of the learning groups, learners presented different difficulty orders. 
However, their errors shared the common characteristics: (1) Most of their utterance 
showed the narrower tone ranges and lower starting points compared to those of native 
Chinese speakers, which was proved both by the traditional way of auditory listening 
and manual recording, and with the assistance of AI technology. (2) Most of the errors 
could be accounted for by the negative transfer from the tone and intonation of learners’ 
L1.  
 
 The findings from the first two themes imply: (1) Tone errors were not limited to 
certain layers of language constructs, but need to be involved in almost all layers of 
language constructions, including single characters, dual characters, phrases and 
passages. (2) ASR technology could effectively assist learners to find errors accurately in 
different ways, such as visualization and immediate feedback. (3) Knowing the gap 
between learners’ utterance and the target speech through contrastive analysis could 
help learners know what the target sound exactly looks like. 
 
 Given the hypothesis that perception is a facilitative element for production from the 
cognitive and psychological angle, researchers discovered that learners could build a 
sense of tone categories for single characters after a period of learning. However, that of 
dual words could not be established in the same period. Similar to the previous result of 
mixed difficulty tone learning order presented in the type of errors, researchers also 
identified different difficulty orders of perception and production in their experiments. 
The differing results may be attributed to various factors, such as the participants' 
differing proficiency levels and the nature of the listening and reading materials used—
whether they were presented in pinyin alone or with accompanying characters. The 
common findings that deserve paying attention to are (1) the accuracy rates of 
perception, both of elementary learners and intermediate learners, were higher than 
those of their production, and (2) the error rates of single characters were generally 
much lower than those of dual words. These imply that (1) the establishment of the 
sense of tone of the single character doesn’t mean that of the dual words, even the 
sentence’s; (2) the perception is the precursor of production.  
 
 Lastly, not least, regarding the study of how phonetic perception facilitates production, 
researchers discovered that perception training could significantly enhance production. 
The automatic tonal visual feedback, aided by technology, dramatically improved 
learners’ production. Additionally, participants stated that they prefer for the imitating 
corrected tones in their voices and for directly comparing their tone contours with the 
corrected tones in the follow-up interviews. The findings gave the enlightenment that 
(1) training perception facilitates the improvement of production and pronunciation 
acquisition. (2) AI-based CAPT holds promise for aiding pronunciation acquisition and is 
well-received by learners.  
 
Input is essential for SLA, which provides the correct forms of target language to 
listeners through auditory or visual means, so that learners can create the hypothesis 
which could be tested in the later language acquisition processes of negotiation and 
production. However, not all input information would be acquired. The input forms must 
be processed by the learner's cognitive faculties, which involve principles such as 
comprehension, attention, working memory, and prior experience, before they can be 
produced as output. Generally, only the information that learners notice and truly 
acquire can be accurately produced. This is why production accuracy is usually lower 



Malaysian Journal of Social Sciences and Humanities (MJSSH) (e-ISSN : 2504-8562) 

© 2026 by the authors. Published by Secholian Publication. This article is licensed under a Creative 
Commons Attribution 4.0 International License (CC BY). 

14 

than that of perception. Though AI has been proven to facilitate pronunciation 
acquisition, relying solely on acoustic data is insufficient to replicate human speech 
evaluation. Human raters efficiently process speech signals for word recognition while 
also integrating contextual factors (Broersman & Cutler, 2008). Figure 7 illustrates the 
correlation between expert ratings and acoustic measurements across subjective and 
objective scoring approaches Therefore, scholars should clearly align their 
methodology—whether employing acoustic analysis, human judgment, or a combination 
of both—with their specific research aims (Saito & Plonsky, 2019). 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

Source: created by the researcher 
 
Based on the above discussion, we identified the general guidelines for the design and 
development of AI-based Chinese CAPT in Table 5. 

 
Table 5: Guidelines Derived from the Pedagogy-Informed Knowledge Basis of 

Chinese Pronunciation 
 

Theme Finding Implication Guideline 
 
 
 
The types 
of tone 
errors 

1. Different difficult ratings of 
difficulty. 
2. ARS technology provided an 
objective comparison between 
the auditory features of the 
target sound and the learners’. 
2. Shorter and more unstable 
tone duration.  
3. Tone ranges were 
comparatively narrower. 

Tone error patterns are 
systematic and 
measurable. These errors 
can be objectively 
analyzed with 
technological tools, 
enabling tailored feedback 
and focused training. 

P1. Integrate automatic 
tone analysis and 
visualization features to 
compare learner tone 
contours with native 
models, highlighting 
instability and range 
issues.  

 
Reasons 
for 
committi
ng tone 
errors 

1. L1 transfer is one main factor 
to affect the tone acquisition. 
2. The tone and intonation of 
learners’ native languages 
potentially influence the Chinese 
tone acquisition.  

1. Learners from different 
language backgrounds 
may commit different 
types of tone errors due to 
native language 
interference. 
2. The system serves as a 
supplement of formal 
classroom teaching, 
3.Teachers need to know 
the basic knowledge of 
learners’ native language, 
and the differences 
between it and the Chinese 
language in order to take 
suitable strategies to deal 

P2. Design diagnostic 
tools and adaptive 
modules that identify L1-
related tone error 
patterns and offer 
targeted corrective 
feedback.  
 

30–40% of variance in 

proficiency judgments can 

be attributed to non-

acoustic factors, including 

contextual variables, 

frequency effects in 

language exposure, and 

rater backgrounds. 

60–70% of the variance in 

perceived proficiency can 

be attributed to acoustic 

features related to 

pronunciation—including 

formant frequencies, 

phonemic length, and 

intensity. 

Figure 7：Expert Ratings and Acoustic Properties Scoring Methods on Specific L2 
Pronunciation Proficiency 
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with learners’ errors.  

 
 
 
 
 
 
Perceptio
n& 
productio
n 

1. Perception and production 
dimensions are interrelated.  
2. Phonetic perception was the 
precursor to pronunciation 
production. 
3. Learners presented higher 
accuracy of tone perception than 
that of production after a period 
of learning Chinese. 
4. Chinese learners committed 
fewer tone perception errors 
with single characters than with 
dual words. They established a 
sense of tone awareness for 
single characters after one year 
of study, but not for dual 
characters. 
5. Learners showed different 
learning difficulty order.  
6. Perceptual training can 
significantly facilitate Chinese 
pronunciation. 
Audio-visual perceptual training 
could significantly facilitate the 
pronunciation learning. 
7. Technology and automated 
tonal feedback greatly facilitate 
the pronunciation acquisition.  
Participants prefer the imitation 
of correct tones in their voices. 

1. Perception training is a 
foundational step in tone 
acquisition.  
2. Technology-assisted, 
multimodal (audio-visual) 
training can enhance both 
perception and 
production, especially if 
feedback is personalized 
and learner-controlled. 
3. The practice should 
cover different layers of 
language constructions, 
including single 
characters, dual characters 
and sentences. 

P3: Integrate perception-
first progression:  
Sequence tasks from 
perception to 
production.  
Include single-character 
tone perception 
exercises before 
progressing to disyllabic 
or sentence-level tasks.  
P4: Employ multimodal 
feedback. 
Provide audio-visual 
training materials with 
real-time feedback.  
P5: Support learner voice 
modeling.  
(1) Enable learners to 
hear and imitate their 
own voice compared 
with model 
pronunciations.  
(2) Allow learners to 
track their progress via 
feedback tools. 

Source: Created by the researcher 
 

7. Conclusion 
 
With the goal to establish the knowledge base informed by Chinese pronunciation 
research in China, providing the resolution to address the tension between technology 
and pedagogy when integrating advanced AI-technology into Chinese CAPT to assist 
language acquisition, and grounded in the CAPT knowledge framework constructed on 
the Richey & Klein’s DDR knowledge framework, this study derived the general 
guidelines based on the literature review of Chinese pronunciation in China. This not 
only provided a deep insight into Chinese pronunciation research, but also laid a content 
knowledge base and robust theoretical foundation for the design and development of AI-
based Chinese CAPT.  
 
However, this study has some limitations. The guidelines are context-based and not 
suitable to be generalized to other contexts. Besides the knowledge base drawn from the 
fields of SLA theories and Chinese pronunciation pedagogical research, laying the 
relative theoretical foundation, the real challenges faced by the state holders when they 
are learning Chinese pronunciation and current CAPT systems also need to be analyzed 
to triangulate and enrich the results based on the DDR process. The future research 
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should explore the real needs of the state holders in Chinese pronunciation and 
challenges encountered in the application of the CAPT systems, providing a more 
comprehensive understanding of the Chinese CAPT system.  
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