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Abstract

The aim of this paper is to construct a knowledge graph-based teaching-aided Q&A system that focuses
on solving students' preview needs in a course on classical Chinese masterpieces. By combining knowledge
mapping with multiple resources, the system is able to enrich the form of traditional cultural communication and
provide targeted Q&A services. The system aims to help students prepare for the course in advance, get timely
answers to questions, reduce the burden of teachers, improve the efficiency of classroom teaching and the
quality of student learning, and explore ways to disseminate traditional Chinese culture.
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Introduction

An intelligent Q&A system is a system that can automatically retrieve relevant information from a
knowledge base and generate answers based on questions input by the user. With the continuous development
of natural language processing technology, the performance of intelligent Q&A systems has been significantly
improved. In the field of education, intelligent Q&A systems have been used to assist teaching and provide
personalized learning support for students. In this paper, we will design and implement an intelligent Q&A system
for the questions of a course on classical Chinese masterpieces to meet the students' pre-study needs (An,
2023).

Under the background of today's booming network culture, classical Chinese masterpieces, as an
important part of Chinese culture, are facing new opportunities and challenges in their dissemination and
learning methods. In view of the fact that students often encounter a lot of questions when previewing a course
on classical Chinese masterpieces, and that these questions often appear in the form of a large number of
repetitive questions in the classroom, this paper proposes an innovative teaching aid, a question and answer
system based on knowledge mapping (Cauteruccio, 2023). The system aims to build an efficient and convenient
Q&A platform by integrating and parsing the relevant knowledge of classical Chinese masterpieces in order to
meet the information needs of students in the pre-study process. The research in this paper not only helps to
enrich the form of dissemination of traditional culture, but also effectively improves students' previewing effect,
reduces teachers' repetitive Q&A burden, and thus promotes the in-depth teaching and learning of classical
Chinese masterpieces in the course (Zhigiang, 2023).

Knowledge graph is a structured knowledge representation that presents entities, concepts and their
relationships in the form of graphs. In recent years, knowledge graphs have been widely used in intelligent Q&A,
recommender systems, semantic search and other fields. In the field of education, knowledge graphs are also
used to build subject knowledge bases to help students better understand and master knowledge. In this paper,
we will draw on these successful experiences and utilize knowledge mapping technology to construct the
knowledge system of Chinese classical masterpieces to provide accurate and comprehensive knowledge
support for the Q&A system (Chen, 2022).

Materials and research methods

As an important carrier of Chinese culture, the digital dissemination of classical Chinese masterpieces
has become a hot spot of current research. Through digitization, classical Chinese masterpieces have been
widely disseminated globally, providing more people with the opportunity to contact and understand Chinese
culture. In this paper, we will make full use of these digitized resources and integrate them into the knowledge
graph to provide a rich source of information for the Q&A system (Chen, 2022).

Teaching support systems are an important means of improving the quality and efficiency of teaching.
In recent years, with the continuous development of information technology, a variety of teaching aid systems
have emerged to provide teachers and students with convenient learning and teaching support. In this paper,
we will draw on the successful experience of these systems and combine them with the characteristics of a
course on classical Chinese masterpieces to design and implement a knowledge graph-based teaching aid
question-and-answer system in order to improve students' previewing effect and teachers' teaching efficiency.

This system obtains structured and unstructured data from books related to the introduction of
masterpieces, Baidu Encyclopedia, Zhihu and other websites for constructing the knowledge graph. Different
processing methods are used for data with different degrees of structuredness, and the data are transformed
into the form of ternary groups, and finally stored in the Neo4j database (Qian, 2021). The flowchart for
constructing the knowledge graph of Chinese classical masterpieces is shown in 1 below.
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Figure 1. Flow of constructing knowledge map of Chinese classical masterpieces.

Classical Chinese masterpieces are an important part of Chinese classical literature. There are various
genres such as poetry, prose, novels, dramas, as well as words, songs, fugues, folk myths and legends. First of
all, writings related to classical Chinese masterpieces are one of the important sources for constructing the
knowledge map of classical Chinese masterpieces. In order to enable students to have a standardized and
systematic understanding of classical Chinese masterpieces. Relevant scholars will write relevant writings on
the basis of history and according to the rigor of what they have learned to introduce some relevant literary
knowledge to the readers. The contents of the writings are usually hierarchical and help readers to systematically
understand the relevant knowledge in the field, so these writings are an indispensable part of the preparation of
the knowledge map (Do, 2021).

Results and discussion

However, for some specific writings, the contents told are limited and it is impossible to cover all the
contents of classical Chinese literature, but combining multiple writings together is too much repetition, and at
the same time, it is not possible to ensure the completeness of the data. Therefore, in this paper, in addition to
selecting some representative masterpieces, the knowledge graph is expanded by combining the relevant
contents of Baidu Encyclopedia, blogs and other fields, which makes the constructed graph more complete.

Web crawling techniques can be used to quickly obtain information from large amounts of semi-
structured data. In this paper, we use the Scrapy framework for data acquisition. Scrapy is a high-level, fast
screen information crawling and web crawling framework for Python (Ruben, 2022). Scrapy also provides many
convenient features, such as auto-retry, dynamic User-Agent, distributed crawling, and anti-crawling
mechanism, which can help users to more efficiently accomplish data crawling and processing. It is worth noting
that you need to comply with relevant laws and regulations and ethical norms and respect the privacy policy of
the Web site when performing Web crawling. In order to avoid being blocked by the anti-crawler mechanism, it
is necessary to take some measures, such as restricting the access frequency, using proxy IPs, and simulating
user behavior. The architecture diagram is shown in Figure 2 below.
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Figure 2. Scrapy architecture diagram.

Data preprocessing of the crawled unstructured data, with period, question mark and exclamation mark
as the end mark, using Stanford Chinese Toolkit for the «Introduction to Classical Chinese Masterpieces» for
the processing of sentence and word division, using Stanford Pos tagger for the lexical annotation, and finally
generating embedded files to be saved in the form of .pkl. Test data, training data and validation data for
constructing named entity recognition model experiments.

The BILSTM-Highway-Hypergraph model proposed in this paper is mainly applied to the recognition of
nested entities, and the model adopts the spanning representation for entity recognition on the basis of the
hypergraph model, which quickly and accurately recognizes all possible entity boundaries, and solves the
problem of boundary ambiguity to some extent. Firstly, in the input layer, the feature vectors of the words trained
in advance are used as inputs, combined with the features specific to the hypergraph to effectively obtain the
relevant information of the potential words. Secondly, after obtaining the high-dimensional features, the input
layer feature representations are fed into the BiILSTM model for feature extraction and generation of effective
contextual information representations. Then, Highway neural network is used to obtain the word representation
of interest in the sentence and finally the model combines the relevant features of the hypergraph to generate
all the possible entities and output the recognition results. The structure of the model is shown in Figure 3 below.
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Figure 3. Model architecture diagram of BiILSTM-Highway-Hypergraph.

The core part of the model is to use the hypergraph model to solve the nested entity recognition problem.
The first layer is the word granularity embedding layer, which obtains the feature vector representation of words;
the second layer, Bi-LSTM+ Highway coding layer, captures word context information to form word-level
features; the third Bi-LSTM layer, which generates fragment-level features by incoming information from the
previous layer; the fourth layer is the hypergraph layer, which computes the fractional function of the hyperedge
to form different combinations of fragments to recognize nested entities (Feiran, 2022).

Much of the data crawled from web pages will have some quality issues such as attribute name diversity,
entity ambiguity, etc. The collected data is cleaned and processed for data fusion. In this paper, Synonyms, a
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proximity toolkit, is used to determine the similarity of different source information. Synonyms based on
Word2vec works by first determining whether the attributes of attractions from two different sources are similar.
If they are not similar, the book title and related attributes are added. If they are similar, further determine the
similarity of the attributes, and if the attributes are not similar, add the attributes.

Analyzing the data from the construction of the knowledge map of Chinese classical masterpieces, the
following features are derived (Li, 2022):

1) For the same entity from different sources, different web pages have similarities in the main
content of its description. For example, for the same author's introduction, different webpages have different
degrees of accuracy in the introduction of their dynasties.

2) There are more cases of missing attributes. For example, not all authors consist of attributes
such as word and number.

3) The number of entity pairs to be matched is not high. The article carefully groups authors and
famous books based on the dynasty in which they are located, so there will not be too many alternatives when
matching entities.

Knowledge graph in the data are stored in the form of ternary groups, the data will be fused, the form of
its processing, in the form of «attribute-attribute value» of the form of relations, with the data will be described
as (entity, attribute, attribute value) in the form of storage form.

Neodj has a specialized Cypher language for querying, adding, deleting and changing data. In this
paper, in combination with the consideration of the number of nodes and relations of the knowledge graph and
the construction efficiency, the data processed earlier are deposited into the Neo4j database in the form of
ternary groups (Qian, 2021). All the nodes and relationships into the Neo4j graph database, the construction of
the knowledge graph of classical Chinese masterpieces is completed, in which the nodes of different colors on
behalf of the different types of entities, you can also set their own color to distinguish. Figure 4 below shows the
overall display of the completed knowledge graph and some of the diagrams.

Figure 4. Display of knowledge mapping of Chinese classical masterpieces.

The main flow of the Q&A system framework designed in this paper is shown in Figure 5 below, the core
of which is mainly to convert the user's question into an information query in natural language, and then match
the answer from the database and return it to the user.
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Figure 5. Q&A System architecture design diagram.

The entity recognition algorithm in this module uses BiLSTM-Highway-Hypergraph model for
recognition. The specific recognition process is shown in Figure 6 below.

User issues

Preprocessing (lexical
labeling, word separation,
etc)

Obtaining feature vector
representations of words

Word granularity embedding layer

Form word-level features Bi-LSTM-+Highway Coding Layer

Form segment level

features Bi-LSTM layer

Calculate the corresponding
scores of the hyperedge
function to form different Hypergraph layer

combinations of fragments to
recognize all entities and

types

Figure 6. Entity recognition flowchart.

The first layer is the word granularity embedding layer, in which the user problem sentence is
preprocessed, segmented, etc., as an input to this layer, where a feature vector representation of the word will
be obtained; the second Bi-LSTM+ Highway coding layer, where the word with the obtained feature vector
representation will capture the word contextual information to form the word level features, which will further
serve as a data input to the next layer; the third Bi- LSTM layer, which generates segment level features by the
incoming information from the previous layer; and the fourth layer is the hypergraph layer, which computes the
fractional function of the hyper edges, which results in the formation of different combinations of segments, thus
recognizing all the entities and types of entities (Hou, 2022).

Since there are fewer question-and-answer datasets about Chinese classical masterpieces, the
relational dataset used in this experiment needs to be labeled by itself. The results of the interviews indicate that
the users' questions about Chinese classical masterpieces mainly include eight types, who is the author of a
certain book; what is the main content of a certain book; what are the main characters of the book; the influence
of a certain book on the later generations, and the status of the literary world, and so on. The details are shown
in Table 1 below. The source of the dataset is mainly the results of interviews and related searches on the
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Internet, e.g., when querying what is the main story of Tian Gong Kai Wu, it can be expressed as «the main
content of Tian Gong Kai Wun, «a brief introduction to Tian Gong Kai Wu» and so on. The training set mainly
uses question templates, which contain different types of questions.

Table 1. List of question categories

No Form Example of a training set | Test set example
1 Who is the author of a particular | Who is the author of a | Who wrote the «Notes on the
book book Weeping Cottage»?
2 What a particular book is about | What's the Info on a | What's The Wizard of Oz about?
book?
3 What are the main characters of a | Who is the main character | Who is the main character of
particular book of a certain book «Dream of the Red Chamber»?
4 The impact of a particular book on | What is the rate of a | Later Evaluations of the Book of
subsequent generations certain book Pipa
5 What was the context of the time | Background specifics of a | The background of «Sinister Souls»
when a particular book was | book
written
6 Where can | find some other | What is the related of a | Other relevant information on
relevant information about this | particular book Menzies
book
7 When was the book written? When is the time for a | When was Lui's Spring and Autumn
certain book written?
8 Relationships between an author | Relationships between an | What is the relationship between the
and a book or other authors author and a book or other | Book of Admonition and Li Si?
authors

After creating a good dataset according to the above method, the corresponding entities of the user are
recognized after BiLSTM-Highway-Hypergraph model, and then the question matching template is designed to
recognize the user's intention; the user's intention template dictionary is designed, and the mapping answer
template dictionary is designed.

According to the designed template type, combined with Cypher statement rules, the following statement
templates are constructed:

1) «Who is the author of a certain book» Cypher query statement match (p:Person{«book name»})
— (author) return p,author.

2) «What a book is about» Cypher query statement match (p:book{«book name»}) — (info) return
p,info.

3) «What are the main characters of a particular book» Cypher query statement match
(p:Person{«book name»}) — (actor) return p,actor.

4) «The impact that a particular book has had on subsequent generations» Cypher query
statement match (p:book{«book name»}) — (rate) return p,rate.

5) «What was the context of the times when a certain book was written» Cypher query statement
match(p:book{«title»}) — (background) return p,background .

6) «Other related information about a book» Cypher query statement match(p:book{«title»}) —
(related) return p,related.

7) «a book in what time to write» Cypher query statement match(p:book{«title»}) — (time) return
p,time.

8) «Relationship between an author and a book or other authors» Cypher query statement match
(p:person{name: «person's name»}) return p.

After the first few steps of entity recognition, relationship extraction and Cypher statement query, we
can realize that from the Neo4j database query to the corresponding entity node, and get the keywords of the
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final answer. This has basically completed the Q&A system Q&A requirements, but in order to make the user
experience better, the final need to query the entity nodes for packaging. For example, for the user question
«Who is the author of romance of the Three Kingdoms?» Through the entity recognition to identify the <Romance
of the Three Kingdoms», «the author of» two entities, after the relationship classification to determine its
relationship category for the first category «who is the author of a book», after the After Cypher statement query
to get «match (p: Person {«book name»}) — (author) return p, author», you can get the author information. Thus,
providing the user with an answer that can be more easily understood.

This system uses WeChat public number as the interactive interface to provide users with question and
answer services. We need to connect the WeChat public number interface, the WeChat public number as a
window for users to ask questions, in the call WeChat public number passive message reply interface and
customer service service message interface to further complete the front and back-end interaction, the students
can follow the public number to ask questions, so as to get the answer to their own questions (Li, 2022).

Conclusion

This paper focuses on the design and implementation of a knowledge graph-based teaching-assisted
Q&A system, aiming at solving the problems encountered by students in the course of pre-study of classical
Chinese masterpieces, improving the pre-study effect, and reducing the repetitive Q&A burden of teachers. In
this paper, the knowledge system of classical Chinese masterpieces is constructed using knowledge mapping
technology, which provides accurate and comprehensive knowledge support for the Q&A system. At the same
time, combined with the characteristics of the classical Chinese masterpieces course, an intelligent Q&A system
for the course is designed and implemented, which is able to automatically retrieve relevant information from the
knowledge base and generate answers according to the questions inputted by the users, so as to provide
personalized learning support for the students. The teaching-assisted Q&A system based on knowledge
mapping constructed in this paper not only enriches the form of online culture dissemination, but also provides
a powerful support for the teaching of the course of classical Chinese masterpieces, which helps to improve the
students' preview effect and the teachers' teaching efficiency. In the future, we will continue to improve the
system and explore more application scenarios to provide more convenient and efficient support for students'
learning and teachers' teaching.
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AHHOTauus

Llenbto AaHHOM cTaTby SBNSETCSA CO3haHNe CUCTEMbI BOMPOCOB U OTBETOB Ha OCHOBE rpadpoB 3HaHWH,
KOTOpasi OPUEHTMPOBaHA Ha YAOBNETBOPEHME MOTPEOHOCTEN CTYAEHTOB B MpeaBapuTENbHOM NPOCMOTPE
Kypca, NOCBALLEHHOTrO LUeAEBPpaM Knaccuyeckon kutanckoin nutepatypbl. O6beanHss 0TobpaxeHne 3HaHuit ¢
HECKONbKMU pecypcamm, cuctema cnocobHa oboratntb hopMy TPagULMOHHOM KynbTYPHOM KOMMYHWKALMK U
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NpeaocTaBnsTh LieneHanpaBneHHble YCyri No 3ajaHuio BOMPOCOB M OTBETOB. 3afava WccregoBaHUs —
MOMOYb CTyZIEHTaM NOAFOTOBUTLCS K KYpCy 3apaHee, Nony4uTb CBOeBPEMEHHbIe OTBETbI HA BOMPOCHI, CHU3UTb
Harpyaky Ha npenopaBaTeneil, NoBbiCUTb APPEKTUBHOCTb NPEnoaaBaHus B KNacce M kayecTBo 0By4eHus
CTYZIEHTOB, a TakxKe U3Y4nTb NyTI PACPOCTPAHEHMS TPAAULIMOHHON KUTANCKO KyMbTYpbl.

KnroueBble cnoBa
KapTMpOBaHME 3HAHWW; CUCTEMa BOMPOCOB 1 OTBETOB; KNacCUYeckue KuTalckue LueaeBpbl;
pacnpocTpaHeHne TpaauLMOHHOM KyNbTypbl.

JTa CTaTbs NOArOTOBMNEHa Npu PUHAHCOBOW NOALEPXKE CrnedyroLmxX NpoekTos: ViccrneaoBaTtensckui
npoekT Accouuaunm Bbicliero obpasoBaHus npoBuHUMM Linunuub Ha 2023 rof (MccnegoBaHme No MHTErpaumum
WCKYCCTBEHHOTO MHTENMEKTa U HacneLoBaHWK MPEBOCXOAHON TPaAMLMOHHON KUTANCKOW KynbTypbl). Homep
onobpenus npoekta: JGJX2023D397. WccnegoBatenbCkuii NPOEKT NpoBuHLMM Li3nnnHb No pechopMmnpoBaHito
npoceccnoHansHoro obpasoBaHus U obpasoBaHns B3pocnbix B 2023 rogy (uccnegoBaHue no ray6okoi
WHTerpaLuy TEXHOSOTMM CKYCCTBEHHOIO UHTESINEKTa BO BCE NPOLeCChl NpenoAaBaHus 1 ynpasnexns) Homep
yTBepxaeHus npoekra: 2023ZCY352.
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