
International Journal of Education, Culture and Society 

2026, Vol. 11, No. 4, pp. 164–171 

https://doi.org/10.11648/j.ijecs.20261104.16  

 

 

 

Received: 22 June 2026; Accepted: 27 July 2026; Published: 26 August 2026 

 

Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited. 
 

Research Article 

Knowledge Annotation and Infusion for a Chinese Teaching 

AI: An Expert System Approach 

Martin Qiang Zhao*, Rajwol Chapagain, Andy Digh 

Computer Science Department, College of Liberal Arts & Sciences, Mercer University, Macon, the United States 

 

Abstract 

Chinese the WRITE Way (CtWW) is a pedagogical approach proposed by the authors to address the limitations of traditional 

Chinese character instruction, which primarily emphasizes repetitive stroke-order practice and rote memorization. Although such 

methods are effective for native Chinese-speaking children who are simultaneously developing language proficiency and literacy 

skills, they are often less engaging for non-heritage learners at the high school and college levels, who seek a more meaningful 

understanding of the writing system. As the only surviving independently invented writing system, Chinese preserves pictorial 

and conceptual features that reveal the original design logic of many characters, providing valuable learning cues for students 

accustomed to alphabetic languages. Building upon our previous work on knowledge annotation, this study investigates how 

structured character knowledge can be integrated with generative artificial intelligence to create personalized instructional 

materials. The proposed methodology represents stroke-level, radical-level, and etymological knowledge using JSON-based 

annotations within an expert-system architecture named CharActER. These structured knowledge representations are infused 

into prompts for large language models to generate contextualized, story-driven explanations that follow the Chinese the WRITE 

Way methodology. Two proof-of-concept case studies demonstrate the feasibility of the proposed framework, including 

explanations for the character 不 and a lesson involving the related characters 人、大、天. The results indicate that combining 

structured knowledge with generative AI produces coherent, personalized teaching materials that move beyond rote 

memorization, providing a scalable foundation for adaptive Chinese language instruction and demonstrating the value of 

integrating expert-system knowledge representation with large language models in language education. 
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1. Introduction 

The Chinese writing system, or Hanzi (汉字), is one of the 

oldest and most complex writing systems still in use today. 

Unlike alphabetic systems that rely on a small set of letters, 

Chinese characters are logograms, with each symbol repre-

senting a whole word or a meaningful part of a word. Accord-

ing to the Unicode Consortium, the Chinese character set for 

mainland China includes a total of 65,941 unique characters 

[1]. Each character has a unique two-dimensional structure, 
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often with no clear phonetic or syntactic cues to its pronunci-

ation [2]. This complexity makes learning Chinese particu-

larly challenging, especially for speakers of alphabetic lan-

guages [3]. The visual nature of the characters, as well as their 

semantic depth, demands an entirely different approach to 

learning compared to alphabetic systems. 

Traditional Chinese language instruction, particularly the 

"speak way" approach, has long relied on the assumption that 

students will first acquire spoken language skills before mov-

ing on to writing. In this approach, teachers focus primarily on 

teaching students how to write characters by rote, emphasiz-

ing stroke order and memorization [4]. This method, while ef-

fective for native children who are already fluent in Chinese 

speech, presents significant challenges for non-heritage learn-

ers, who struggle to connect spoken language with its written 

representation. Studies have shown that for these learners, the 

"speak way" approach is not as effective, as it often fails to 

explain the underlying reasons for the shapes and structures of 

Chinese characters [5]. 

1.1. Chinese the WRITE Way 

To address these shortcomings, the "WRITE Way" ap-

proach was proposed by the authors [6], which focuses on un-

derstanding the "why" behind each character. This method 

emphasizes the pictorial, etymological, and cultural aspects of 

characters, helping learners recognize and internalize their 

meanings. As described in [6], when teaching the character 

不, a teacher adopting the “speak way” approach typically will 

typically emphasize on the order in which the four strokes 

should be written. The WRITE Way approach (Figure. 1) will 

point out its pictorial components: the top stroke symbolizes 

the sky, while the three strokes below represent a bird. This 

visual story aligns with the meaning of negation—just as a 

bird cannot fall from the sky, the character represents "no" or 

"not” [7]. By learning the visual and historical significance of 

characters, students can better grasp their meanings and recall 

them more effectively. 

The WRITE Way approach draws heavily on the scholarly 

traditions of ancient Chinese linguistics, particularly the work 

of Xu Shen in his Shuowen Jiezi (说文解字), an early diction-

ary that categorizes over 9,000 characters and explains their 

meanings based on ancient forms and pictorial elements (Xu, 

2019). Xu Shen’s work laid the foundation for understanding 

characters through two key tools: the "knife," which divides 

characters into meaningful components; and the "lens," which 

looks back at the ancient forms of characters to reveal their 

original meanings [8]. 

 
Figure 1. Modeling Design Logic in the WRITE Way Approach. 

1.2. The Proposed CharActER System 

The effectiveness of using ancient scripts to demonstrate 

the “design logic” of why a character is formed in a certain 

way can be seen in the 不 episode (Figure 1). It is not uncom-

mon for a textbook to list such images without telling the story 

behind the scenes. In addition, overusing ancient scripts will 

overload the student with extra information rarely used in 

modern contexts. 

Our approach is to start with the simplified character set and 

annotate related knowledge at the stroke-level [9] when avail-

able. Indeed, in Xu’s tradition, the knife tool is reserved for 

analyzing (解 or dividing) the composite characters (such as 

字, which can be divided to 宀 and 子). Single-unit charac-

ters and especially radicals (such as 文 and 不) are explained 

(说) by telling a story embedded in the Qin seal script (as uni-

fied by the First Emperor of Qin) or the bronze inscription 

style. (For more details about evolution of representative 

script styles, interested readers can check the chart in Appen-

dix 1.). 

With the CharActER was proposed by the authors [6, 9-10] 

to embed such knowledge that is limited usually to experts 

about ancient scripts and use GPT-like functions to teach Chi-

nese characters by personalize and contextual storytelling. On 

the one hand, ER coincides with entity and relationship as 

used in ER modeling. Meaning as encoded in a certain char-

acter can only be understood by seeing both the strokes and 

radicals (i.e., entities) and the relationships among them, such 

as relative positions and ways they are combined. On the other 

hand, ER intends to be an extended-reality system, which aims 

to provide a personalized and immersive learning experience. 

CHN123 is developed based on the CtWW methodology, 

which introduces the “first” 100-or-so Chinese characters 

based on their meaning-formation relationships in a logic or-

der and pursues to generate simple reading and speaking con-

texts along the way. Each lesson has a topic (such as numbers, 

time units, body parts, family members) and drilling practices 

can be built naturally. As shown in Appendix 2, the first two 

lessons cover characters for numbers 1 through 10. They can 

be used with characters for day, month, and week to form 

weekly schedule forms and monthly calendars. 

As described in [6], the explanation of the number words in 

CHN123 differs from the sequential order as used in the speak 

way approach: After covering 一二三, 十 (for ten) is ex-

plained with a story revealing its meaning of completeness 

(the number of all 10 fingers) as indicated with the horizontal 

and vertical strokes (encompassing east-to-west and south-to-

north). Then it goes on to 五, which reuses the cross-like form 

to show a partial whole. Similarly, even numbers like 八, 六, 

and 四 use balanced, divisible stroke designs, whereas odd 

numbers like 七 and 九 use more asymmetric patterns. 

Furthermore, this approach allows learners to develop a 

deeper connection with Chinese culture, as the characters 

themselves carry centuries of history and philosophy. The 人
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大天 episode as to be discussed later in this paper demon-

strates how these characters are used in DaoDe Jing (道德经) 

[11]. 

We have introduced ways to use JSON to annotate related 

knowledge in [9], to extend commonly used JSON databases 

decoding meaning and stroke information of Chinese charac-

ters. In the next section, we will briefly summarize such 

knowledge modeling practices and then discuss how to apply 

them in a prototype of the CharActER system. 

2. Materials and Methods 

This section will lay out the framework for a prototype of 

the CharActER application. We will first summarize data and 

knowledge models as introduced in early works. The focus 

will then be shifted to a proof-of-concept implementation us-

ing an expert system approach. This system will access data-

bases of essential meaning and stroke information as well as 

knowledge about meaning carrying components. 

In this phase, we will infuse stroke-meaning knowledge 

into prompts sent to an existing generative AI to generate con-

textual teaching materials. Later effort will be placed in in-

cluding teaching strategies and psychologies to improve user 

experience. 

2.1 Knowledge Modeling and Annotations 

An open-source project [12] as used in our previous work 

[9] provides two datasets in JSON format. The dictionary.txt 

file includes facts about 9575 commonly used Chinese char-

acters and components; and the graphics.txt file includes data 

that defines a specific Kai-style font for each character in the 

same set. 

 
Figure 2. JSON Syntax for Stroke-Level Story Annotation. 

JSON syntax for annotating graphical hints regarding an 

individual stroke or stroke combination can have been dis-

cussed in [9]. As an example, stroke-level knowledge as de-

picted in Figure. 1 can be embedded in JSON as shown below. 

The stroke outline data can be used to visualize the form of 

a character. With the stroke-level annotation, corresponding 

strokes may be highlighted when hints are told with text-to-

speech features. 

2.2 An Expert System Approach 

In this phase, an expert system approach is adopted in the 

prototype of the proposed CharActER system. It includes ele-

ments typically included in a rule-based expert system, as il-

lustrated in Figure 4. 

 
Figure 3. Displaying and Highlighting Components Based on the 

JSON Notations. 

2.2.1. Fact Database 

The dictionary.txt file provided on [12] includes facts about 

9575 commonly used Chinese characters and components, 

which can provide essential information like a character, its 

meaning in English and pinyin. Another important attribute is 

decomposition style, which indicates whether the character is 

of single unit or composite. When applicable, it also denotes 

etymology information, regarding the composite type, such as 

picto-phonetic or associative. The etymology attribute may 

also include a hint value, though which is usually inaccurate 

or hard to be used. 

The graphics.txt file includes data that defines outlines and 

medians (or central lines) of a specific Kai-style font with a 

size of 1000 by 1000 pixels. This JSON model is useful for 

visualizing the strokes in a character and determining stroke 

types. When explaining meaning indication regarding a spe-

cific component in a character, these specifics can be used to 

highlight the corresponding strokes in the user interface (UI) 

element to be described later. 

 

http://www.sciencepg.com/journal/ijecs


International Journal of Education, Culture and Society http://www.sciencepg.com/journal/ijecs 

 

167 

 
Figure 4. Expert System Architecture. 

2.2.2. Knowledge Database 

Three types of knowledge about meaning indications can be 

denoted in JSON format. The first two types are related to the 

“knife” tool, to encode radical (more accurately, PianPang- or 

偏旁) and sub-radical level “stories”. The other type is for the 

“lens” tool, which denotes the evolution of Chinese scripts for 

a specific character. Certain meaning carrying features may be 

more apparent in an earlier version of the writing system. 

JSON models used in two test cases will be discussed in the 

Results section. More syntax details will be listed as appen-

dixes. 

2.2.3. Inference Engine 

The rule-based inference engine will carry out tests in the 

order of has-entry (in the knowledge base), composite type, 

single-unit has sub-radical stories, need-use-lens, as well as 

with-modern-stories. The evolution and alternative cases may 

be used in addition to the decomposition rules to generate 

prompts to GPT used by the explanation module. 

Use a relational database to manage the knowledge entries 

due to dynamics during the initial knowledge acquisition pro-

cess. 

2.2.4. Explanation Module 

When interacting with a student to explain the meaning of 

one or a series of Chinese characters, the explanation module 

is responsible for infusing the annotated knowledge into a stu-

dent-specific context to generate prompts to an LLM and seek 

for personalized “stories” as necessary [13]. Stories received 

from GPT may be stored in the knowledge database to be re-

used for other transactions. Even in a standard teaching sce-

nario like explaining characters in the CHN123 lessons, it may 

need new prompt to ChatGPT 5 when stories need to be retold 

in a different language. 

2.2.5. Knowledge Acquisition Module 

Initially, stroke-level and radical-level knowledge entries 

are loaded manually. Simple forms corresponding to target 

JSON formats are used to fill up the knowledge points. While 

this process will continue in the initial trial, new mechanisms 

are also needed to bulk load prepared knowledge bundles or 

save successful explanation generated by the explanation 

module. 

2.2.6. User Interface Layer 

Will include lesson selection, displaying characters in the 

lessons with stroke/component highlighting and animation 

features. 

Also included will be interfaces for loading knowledge 

about the characters. These could include bulk loading and in-

dividual input and editing specific characters. For proof-of-

concept purposes as discussed in this paper, an editor for in-

putting stroke and component level annotations in JSON tem-

plates. 

Examples will be given in the next section, with a focus on 

generating contextual prompts by infusing hints denoted in the 

knowledge database as well as how to use responses generated 

by ChatGPT to interact with students. 

3. Results 

In this section, we will present two test cases as proof-of-

concept. Both are from preparing knowledge infused 

prompts to ChatGPT 5 to generate explanations of Chinese 

characters based on the knowledge annotations. The 不 ep-

isode as described is used as the first test case, to check fea-

sibility of the proposed methodology. The second test case 

explores the ways to develop teaching materials for a lesson 

in the CHN123 text, which includes characters related to one 

another. 

In these tests, we interacted with GPT 5 on openai.com. 

Prompts sent to and responses from GPT are discussed here, 

with sample JSON and response details provided in Appen-

dixes. 

3.1. The 不 Episode 

As described earlier, the character 不  is generally re-

garded as a single-unit character and thus needs a sub-radical 

level JSON model to annotate stroke-level hints. JSON no-

tation for such cases has been introduced in [10]. It has a 

character attribute with the value 不, which is a unique iden-

tifier. Stroke or component-level hints are denoted with a 

component_hints array. Each sub-radical component may be 

a single stroke or includes several strokes listed in an order 

as denoted in graphics.txt. A JSON array will be used to or-

ganize strokes in a component, with stroke_type and option-

ally a location indicator tagged. 

A prompt can then be prepared with the JSON model, to-

gether with instructions to GPT to use **only** the 

knowledge as annotated in the model to generate a story. 

A sample prompt embedding the JSON knowledge nota-

tion to ChatGPT 5 is shown in Appendix 3. In the response, 

knowledge point as denoted are highlighted in boldface, such 
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as “At the top, there is a HENG stroke, representing the sky”. 

The response is structured in paragraphs along the line 

with stroke or component level hint element defined in JSON, 

which can be used by the Explanation Module to generate 

animated visuals to the student through the User Interface 

layer. These animation features can include with stroke(s) in 

the story context with colors, and text-to-speech when se-

lected by the student. 

Telling the story in another language, such as Spanish, is 

an easy task for GPT, as shown in Appendix 4. 

3.2. The 人大天 Episode 

This test case focuses on generating teaching materials for 

related characters in a lesson from the CHN123 text. These 

three characters are from a lesson that teaches 人大天地, 

namely human or person, big or great, sky or heaven, and earth 

or land. Human, heaven, and earth are regarded as the three 

(great) assets or talents (三才 sān-cái) in Chinese cosmology. 

Another notion, 天人合一, or harmony of humanity and the 

universe is reflected in the form of the character 天 is related 

to 人. 

JSON notations for the three characters are listed in Appen-

dix 5, which is infused in the prompt that requires GPT to use 

**only** the embedded knowledge as before. The results 

from GPT are to the point but seem like isolated explanations, 

as shown in Appendix 6. 

A follow-up prompt was designed to encourage the LLM to 

reference previously mastered characters and incorporate 

common sense reasoning. As illustrated in Appendix 7, this 

strategy resulted in significantly more cohesive pedagogical 

materials. By prioritizing the reuse of radicals and compo-

nents in a logical sequence, the system generated a narrative 

that reinforces prior knowledge while introducing new con-

cepts. 

4. Discussion 

A proof-of-concept for the proposed CharActER system is 

presented in this paper. The focus is to show the effectiveness 

of infusing stroke-level knowledge into an existing LLM like 

ChatGPT to teach Chinese the WRITE Way. Teaching epi-

sodes used so far showcase a direct mapping between strokes 

in the characters and the “graphical design logic” as inspired 

from Shuowen Jiezi. Although ancient scripts exist for all the 

four characters involved, and meaningful stories may be told 

to provide deeper insight, it is beneficial to just apply the 

“knife” tool to avoid overloading students with information 

not usually seen in modern contexts. In the UI layer, accesses 

to the “lens” tool stories can be provided (through a button) 

when applicable. 

Since the current stroke structure often diverts from the an-

cient scripts, it is beneficial to develop stories that are in the 

same light as the original design logic and fit more naturally 

in the modern settings. Take the 不 character as an example, 

students may feel it is hard to see a bird figure in it but instead 

think it resembles an airplane. Such modern explanations may 

be annotated in the JSON as an “alternative_hints” attribute 

and labelled in the UI for interested users to select. 

While results presented here are based on “manual” inter-

actions with GPT-5 on openai.com, we have also experi-

mented with automation using API calls. Integrating re-

sponses from GPT into user interfaces reported in [10] are 

used as workshops in MQZ’s software engineering class to get 

students involved in this R&D endeavor. Initial comparisons 

reveal that responses from API calls are more concise and only 

include basic points as denoted in the JSON data. More 

prompt engineering efforts are needed to make responses 

more like storytelling. 

To generate effective teaching materials, the system needs 

to be aware of the student’s background of Chinese characters. 

When teaching with the CHN123 text, the system can be 

aware of coverages of this and previous lessons. Additional 

modules are needed to trace student’s learning history for reg-

istered users. The CharActER system also needs to include 

modules for teaching strategies and psychologies to improve 

user experience. 

5. Conclusions 

In conclusion, this paper has presented a proof-of-concept 

implementation of the CharActER system, demonstrating how 

stroke-level knowledge and etymological insights can be sys-

tematically modeled and integrated with large language mod-

els to support the WRITE Way approach to Chinese character 

instruction. By embedding structured annotations in JSON 

and leveraging an expert system architecture, the proposed 

framework enables the generation of contextualized, story-

driven explanations that align with the graphical “design logic” 

of characters. The test cases, including the 不 and 人大天 

episodes, illustrate that combining structured knowledge with 

generative AI can produce coherent, engaging, and pedagogi-

cally meaningful learning materials. 

The results further suggest that the WRITE Way approach 

completements the traditional rote-based methods by making 

character formation more interpretable and culturally 

grounded, while also allowing for personalization and multi-

lingual delivery. At the same time, challenges remain in scal-

ing knowledge acquisition, refining prompt engineering for 

richer storytelling, and incorporating learner modeling to 

adapt instruction dynamically. Future work will focus on ex-

panding the knowledge base, enhancing automation through 

API integration, and developing user-centered modules that 

incorporate teaching strategies and learning psychology to im-

prove overall effectiveness and user experience. 
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Abbreviations 

API Application Programming Interface 

CtWW Chinese the WRITE Way 

ER Entity and Relationship (as in data modeling); 

also, Extended Reality 

GPT Generative Pre-trained Transformer 

JSON JavaScript Object Notation 

LLM Large Language Model 

UI User Interface 
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Appendix 

1) The Evolution of the Chinese Writing System 

It is appropriate to use the character 马 (for horse) in the 

Year of Horse to demonstrate the evolution of major script 

styles of the Chinese writing system. 

 

Figure 5. Evolution of the Chinese Character for "Horse" (马). 

2) Characters Covered in First Six Lessons of CHN123 

The introductory course includes two dozen short lessons 

with about 5 characters each. Components used in main char-

acters will be explained, like 生 used in 星. 

Lesson 1. 一二三 

Lesson 2. 四五六七八九十 

Lesson 3. 日月星期(生其) 

Lesson 4. 金木水火土 

Lesson 5. 东西南北中 

Lesson 6. 人大天地(也) 

Exercises will also be provided: such as monthly calendar 

and weekly schedule for the first 3 lessons. Quotes from 

DaoDe Jing: 25 [12] “道大，天大，地大，人亦大” can be 

used to lead to deeper cultural insights with simple characters. 

3) The 不 Episode – Initial Prompt and Response 

 

Figure 6. Prompt and Response for the 不 Episode. 

4) The 不 Episode – Follow-up Prompt and Response 

The Prompt: 

The following JSON annotates the meaning of Chinese character 不 as indicated by its 

stroke-level composition pattern. 

{ 

  "character": "不", 

  "component_hints": [ 

    {"stroke_type": "HENG", "position": "top", "indicates": "sky"}, 

    {"component": {"strokes": [ 

      {"stroke_type": "PIE"},{"stroke_type": "SHU"},{"stroke_type": "NA"}],  

      "indicates": "depicts a bird with wings and a body"} 

  ], 

  "char_meaning": "no, not", 

  "story": "a bird can fly in the sky and does NOT fall down" 

} 

Please use **only** the knowledge embedded in the JSON notation, tell a story about “how 

to understand the meaning of 不”. 

The Response: 

To understand 不, imagine the picture formed by its parts. 

At the top, there is a HENG stroke, representing the sky. It stretches across like the line of 

the horizon above everything. 

Below it, three strokes—PIE, SHU, and NA—form the shape of a bird, with wings and a 

body. 

Now picture the scene: 

A bird spreads its wings and flies beneath the sky. Instead of dropping down, it keeps 

flying and does not fall. 

This image becomes a simple story: 

Under the sky, a bird flies and does not fall down. 

From this story, the idea of “not” or “no” appears. The bird does NOT fall, and that sense 

of negation helps us remember the meaning of 不. 
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Figure 7. Follow-up with the 不 Episode: Story in Spanish. 

5) The 人大天 Episode – Initial Prompt and Response 

 

Figure 8. Initial Prompt and Response for the 人大天 Episode. 

6) The 人大天 Episode – Initial Response from GPT 5.3 

 
Figure 9. Stories for Individual Characters Phrased in Isolation. 

7) The 人大天  Episode – Follow-up Prompt and Re-

sponse 

 

 

The Prompt: 

Can you retell the story (without the pictures) regarding 不 to someone who speaks 

Spanish? 

The Response: 

Para entender el significado del carácter chino 不, imagina la escena formada por sus 

partes. 

Primero, en la parte superior, hay un trazo horizontal que representa el cielo. 

Debajo de ese trazo hay tres trazos más (PIE, SHU y NA) que juntos representan un pájaro, 

con sus alas y su cuerpo. 

Ahora imagina la historia: 

Debajo del cielo, un pájaro extiende sus alas y vuela. El pájaro puede volar en el cielo y no 

se cae. 

La idea clave de la historia es “no caer”. 

Por eso, esta imagen ayuda a recordar que el carácter 不 significa “no” o “no hacer algo”. El 

pájaro vuela en el cielo y no cae, y esa idea de “no” es el significado del carácter. 
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Figure 10. Contextualized Stories for the Three Characters. 
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