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Abstract

Question answering is an indispensable link in high school teaching. Through question answering, on the one hand, it can solve
students’ learning doubts, on the other hand, it can provide teachers with teaching feedback. However, through the investigation and
research, it is found that with the expansion of student size, the effect of question answering in high school is not satisfactory. This paper
analyzes the current situation of question answering in high school, and designs an intelligent question answering system for high
school teaching based on constructivism learning theory and cognitive structure learning theory. The system, which is the first
innovative application in the field of high school teaching, integrates knowledge graph technology and intelligent question answering
technology, introduces big data technology. It can solve students’ questions in time and accurately, link the knowledge points related to
the questions to help students construct knowledge network graph, and the big data technology is used to analyze the students’
questioning behavior and to predict students’ learning behavior in order to feedback the teaching effect.
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1 Introduction

Education informatization is an important field and breakthrough
of education industry in China. The country, schools and enter-
prises pay great attention to it. In the practice of “Internet +
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teaching”, all kinds of schools at all levels actively use informa-
tion technology to make teaching methods scientific, informa-
tive, intelligent and multimedia. At present, the rapid develop-
ment of new generation of information technology, represented
by artificial intelligence, cloud computing and big data, is push-
ing education informatization to a new height, which will bring
new changes to education and learning. On April 13, 2018, the
action plan of educational informatization 2.0 issued by the
Ministry of education of the people’s Republic of China was
formally put forward. In the plan, it is emphasized to promote
the application of information technology in teaching, manage-
ment and other aspects on the basis of artificial intelligence, big
data, Internet of things and other emerging technologies [1, 2],
relying on various information equipment and networks. Under
this policy background, this paper designs an intelligent question
answering system based on the knowledge graph of high school
course, which is oriented to high school teaching and promotes
the deep integration of information technology and teaching.

2 The status of question answering in high
school

The basic links of the complete teaching work include preparing

lessons, attending classes, arranging homework, question an-
swering, teaching evaluation and so on. The main task of
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question answering is to answer the incomprehension of students
in their study [3]. It is a way to fill in the gaps of classroom
teaching, an active examination of teaching effect, and an impor-
tant way to improve teaching. According to the investigation,
there are three main forms of question answering in high school:
1 Choosing evening self-study, recess and other free time to ask
teachers questions face to face; 2 Using Search Engines to get
answers. 3 Using QQ, E-mail and other communication tools to
communicate with teachers online. However, the analysis shows
that there are some outstanding problems of question answering
in high school:

2.1 The accuracy of answers is poor

With the development of the Internet, most students choose to
use search engines to get answers. This method is not limited by
time and space, and can get the answer in a short time. However,
the disadvantage of this method is that there may be a lot of
search results, which need to be filtered to get the results they
need. In addition, high school students are weak in information
recognition, so the accuracy of the answers is poor.

2.2 The timeliness of obtaining answers is weak

Some high school students have strong self-esteem and are
embarrassed or afraid to ask questions to teachers in person.
They will choose to use communication tools such as QQ,
WeChat to communicate with teachers online. However, this
method requires both parties to be online at the same time,
otherwise students’ problems cannot be solved in time and
students’ learning enthusiasm will be inhibited.

2.3 The efficiency of question answering is low

Through the investigation, it is found that many high schools set
evening self-study as a special tutoring and answering time, stu-
dents can ask teachers when they have questions during this time.
However, the knowledge points in high school are relatively
fixed, and students’ problems are mostly similar. In this case,
teachers may be asked the same question many times, which
increases teachers’ workload and reduces their work efficiency.

2.4 The comprehensiveness of answers is not enough

Knowledge points in high school are relatively fragmented,
but there is a strong correlation between knowledge and
knowledge. However, at present, no matter which way of
question answering, only isolated knowledge points can be
shown to students. In this way, students can not make deep
and comprehensive connections between knowledge points,
and the common problems may not be solved next time.
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2.5 Lack of feedback mechanism for question
answering

Students are the main body of teaching. By question answering,
teachers can learn about students’ learning, adjust teaching plans
and improve teaching quality. However, there is no systematic
feedback mechanism in the q&a work in high schools, and
teachers have not systematically collected and analyzed the data
of students’ questions.

In view of the problems existing in high school question-
answering activities and the importance of question answering
in high school learning, this paper designs an intelligent q&a
system based on high school course knowledge graph to help
students timely and accurately answer their doubts and establish
a knowledge network, to help teachers better check the teaching
effect and improve the teaching.

3 Design and implementation of system

In recent years, the combination of knowledge graph and intelli-
gent q&a is a hot topic, but the combination and application of
the two are rare in the field of education [4, 5]. Innovation point
of this article is, taking the high school question-answering ac-
tivities as the starting point, on the basis of intelligent q&a sys-
tem, using the knowledge graph technology to feedback struc-
tured knowledge points and related questions to learners in the
form of knowledge trees [6, 7], so as to facilitate knowledge
modeling, accurate positioning and in-depth acquisition of
knowledge. In addition, this paper integrates big data technology
and uses data mining algorithm to analyze students’ question-
answering behaviors, so as to better provide teachers with teach-
ing feedback.

3.1 The work flow of the system

This system can be divided into three layers: user layer, analysis
layer and data layer, which mainly includes four modules: prob-
lem reception, problem processing and matching, answer genera-
tion [8, 9] and question data analysis. The work flow of the system
is shown in Fig. 1. First of all, students input problem in a natural
language, then the system divides the questions into words, iden-
tifies named entities, and matches the identified entity information
with the knowledge points in the knowledge graph database, so as
to retrieve the answer with the highest similarity and the relevant
knowledge structure diagram. Finally, the system uses big data
technology to collect and analyze students’ questioning behaviors,
and return students’ learning mastery to teachers.

3.2 Design and construction of knowledge graph

Knowledge graph is a structured semantic knowledge base,
which is used to describe concepts and their relationships in
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Fig. 1 Flow chart of system
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the physical world in the form of graphs [10-12]. Its basic
units are “entity-relation-entity” and “entity-attribute-value”
[11]. According to the logical structure of knowledge graph,
the ontology structure and construction process of knowledge
graph must be clarified when constructing knowledge graph.

3.2.1 Ontology design

Because it is oriented to high school teaching, this system will
construct high school course knowledge graph. To define the
ontology structure of the course knowledge graph is to define
the minimum concepts that the pattern layer in the course
knowledge graph should contain and the relationship between
them [13]. In this study, subject knowledge points are
regarded as the knowledge units at the lowest level of the
course knowledge graph, and the knowledge units of a course
are represented as three levels: chapter, section and knowledge
point. Furthermore, three kinds of relations among knowledge
units are defined: inclusion relation, order relation and corre-
lation relation. Figure 2 is the ontology structure of the high
school course knowledge graph designed in this paper.

3.2.2 The construction of knowledge graph base

Based on the above ontology structure, the knowledge graph
base of each subject is constructed. This process is divided

into three steps: knowledge acquisition, knowledge represen-
tation and knowledge storage [12]. Firstly, this study gets
knowledge from subject materials and syllabuses, subject area
experts, teachers and students, and then, named entities and
extraction relations are identified, and triples are used to rep-
resent knowledge and its relations. Next, knowledge integra-
tion is carried out according to the three relations defined in
the ontology structure. Finally, the graph database Neo4j is
used to store the knowledge graph and form the knowledge
graph base.

3.3 Intelligent Q&a Technology based on knowledge
graph

Intelligent q&a technology is a computer technology that can
answer the questions raised by users in natural language as
concisely and accurately as possible through the network.
Intelligent q&a technology based on knowledge graph mainly
includes four core modules: word segmentation, named entity
recognition, problem similarity matching and query based on
knowledge graph [14]. In this system, Reverse Maximum
Matching(RMM) method is used for word segmentation,
Conditional Random Fields(CRF) is used to identify named
entities, TFIDF is used to calculate the similarity between
extracted entities and knowledge points of the knowledge
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Fig. 2 Ontology structure of high
school course knowledge graph

graph, and finally, Cypher statement provided by Neo4j is
used to import data and query graph data.

3.3.1 Reverse maximum matching method

RMM is a word segmentation algorithm based on string
matching. In RMM, for the problem statement, the pointer
scans the string in reverse loop from right to left, and extracts
the keyword table in the background for comparison. If the
word exists in the keyword table, the matching word is ex-
tracted as the keyword for segmentation.

3.3.2 Conditional random fields

In this study, high school course knowledge is divided into
knowledge units according to chapters, sections and knowl-
edge points, which are the entities of course knowledge graph.
This system uses the machine learning method based on sta-
tistical learning, namely CRF method, to identify the knowl-
edge point entities in the problem.

3.3.3 TFIDF method based on vector space model

The identified entity information is matched with the knowl-
edge points of the knowledge graph base to retrieve the
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answer with the highest similarity. The system uses TFIDF
algorithm to calculate the similarity. First, Term
frequency(TF) and inverse document frequency(IDF) multi-
plication to gain the weight of the entity vector [15], then
weighted sum of all entity vectors to obtain the vector of the
problem, and next calculating the Cosine and Euclidean dis-
tance between knowledge point vector and problem vector,
finally, taking the average as the similarity, and returning the
knowledge point with the highest similarity and related
knowledge network diagram as answers.

3.3.4 Query based on knowledge graph

This system uses Cypher, the query language of Neo4j
graphics database, to query knowledge graph base [16].
Firstly, generating the Cypher statement according to
the entity name, entity category, and relationship name,
then querying the knowledge graph database according
to the SQL syntax, and finally returning the question
answer and related knowledge network diagram.

3.4 The application of big data technology

In September 2015, the State Council issued the action plan

for promoting the development of big data, in which the
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requirements for the development of education big data were
clearly put forward, and it was clearly emphasized to give full
play to the important role of big data in education and teaching
[17]. Under the background of this policy, in order to better
play the role of teaching feedback of question answering, this
study constructed a big data processing and analysis model
based on students’ questioning behavior, as shown in Fig. 3.

Firstly, the system collects students’ questioning data in
real time, and then analyzes the data by means of variance
analysis, correlation analysis, factor analysis, cluster analysis
and principal component analysis [18]. Secondly, prediction
models and simulation technology are used to predict stu-
dents’ learning behaviors. Finally, based on the big data visu-
alization technology, the visualization presentation and inter-
action of the analysis results are realized.

4 Teaching application mode

The design and development of any educational system can
not be separated from the guidance of educational theory. In
addition, we need to build a teaching application scene under
the guidance of scientific and perfect education theory.
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Fig. 3 Big data processing and analysis model based on students’
questioning behavior

4.1 Theoretical basis

This study takes learners as the center, starts from learners’
learning needs and cognitive characteristics, and takes con-
structivism learning theory and cognitive structure learning
theory as the theoretical support of this system.

4.1.1 Constructivism learning theory

Constructivism learning theory takes learners as the center,
and holds that students are the main body of cognition and
the active constructors of knowledge meaning, while teachers
are only the promoters of students’ meaning construction. The
theory emphasizes creating learning situations for students. In
this situation, students can construct knowledge independent-
ly, understand the internal relationship of knowledge deeply,
and form a solid knowledge schema in the brain.

According to Piaget’s theory of cognitive development
stage, senior high school students have been in the stage of
formal operation, in which they have been able to indepen-
dently monitor and introspect their thinking activities. Starting
from the cognitive characteristics of senior high school stu-
dents and according to the learning theory of constructivism,
the system strives to create a problem situation for students
that is conducive to independent learning. In this situation, it
takes “problem” as the starting point to stimulate students’
desire for exploration and enthusiasm for learning.

4.1.2 Cognitive structure learning theory

Bruner puts forward the theory of cognitive structure
learning, which points out that students are not passive
knowledge receivers, but active information processors.
Bruner attaches great importance to students’ mastery of
subject knowledge structure. He believes that students’
mastery of the knowledge structure of the subject will
help them to understand the basic principles of the sub-
ject more easily, improve the effect of memory and
promote learning transfer.

The knowledge points of high school subjects are scattered
and complicated, but the connection between knowledge
points is strong and the flexibility is high. According to the
characteristics of high school knowledge and cognitive
structure learning theory, this system introduces knowl-
edge graph technology to show the structure of course
knowledge for students [19], and promote the construc-
tion of students’ meaning of knowledge.

4.2 Design of teaching application mode

According to SAM model, teaching design can be divided into
preparation stage, iterative design stage and iterative
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Fig. 4 Teaching application mode

development stage. This paper designs the teaching applica-
tion mode of the system based on SAM model, as shown in
Fig. 4.

In the preview before class, students use the intelligent q&a
system to answer questions, and can understand the structure
of knowledge points in advance; In classroom teaching, the
intelligent q&a system collects and analyzes the data of stu-
dents’ questions, and returns the analysis results to the teacher,
who designs the teaching according to the results; In the after-
class review, students use the intelligent q&a system to check
the gaps and make up the gaps, and consolidate what they
have learned in class.

In this model, the intelligent q&a system based on the
knowledge graph of high school course connects pre-class
preview, classroom teaching and after-class review to form a
closed loop. In the preparation stage, the teachers collect the
student questions information through intelligent q&a system,
so as to understand students’ weak spots, then carry on the
teaching design according to the students learning situation,
and next to classroom teaching. After this loop is completed,
the next loop is repeated, in order to form a complete teaching
feedback mechanism.

5 Conclusion

This paper firstly analyzes the problems existing in the ques-
tion answering of high schools, and puts forward that the
intelligent q&a system based on knowledge graph is an effec-
tive way to solve these problems. Then, under the guidance of
constructivism learning theory and cognitive structure learn-
ing theory, this paper designs an intelligent q&a system based
on high school course knowledge graph by using knowledge
graph technology, intelligent q&a technology and big data
technology. This system is the innovative achievement of
the new generation of information technology in the field of
Education. It can not only lighten the work burden of teachers,
give teachers feedback on students’ learning, but also answer
students’ academic questions timely and accurately, and help
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students to build their knowledge structure. Finally, according
to the SAM model, this paper designs the teaching application
mode of the system. The next step is to use deep learning
method to improve the accuracy of problem understanding,
expand and enrich knowledge graph base, and strive to ex-
pand the application of the system to all levels of education.
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