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Abstract

In view of the automatic solution process of the elementary school math matlcs
application question, this article has carried on the research to the m
application question teaching expert system. Firstly, this paper introduces the
and structure of the expert system. Then the system structure and functlon
mathematics application question teaching expert system\ design, div detailed
description and design of information extraction mo pplica rule base,
application type library and application question s prfoceSs, In, this paper, the
application of the problem is divided into an m. ste Icu ion problem, the
integer two steps to calculate the appllcatlon and ional s f three parts of the
application. At the same time, according to d nt type plications, the structural
characteristics of the analysis. Accor @ e mfo@n extraction model and

c

mathematical operation rules, the overa tion modules of the design

ework
mathematics teaching expert system @e realization process is studied.
The research results show that m can d to demonstrate the solution of

mathematical problems in de p students to understand the application of the
problem solving process. M better le now how to solve the problem. And it is
helpful for teachers to easily un erst d and carry on the teaching process. This
also means that the has p al application value. As a bridge between

mathematlcal theQ ractice, Mathematical application problems have become more
the 4 ntation of mathematical quality education. It is

mhemaﬂcs application consciousness and optimize the
students' t g’ quality(_After leaving school, every student can still think about
problems arté=s0lve th em mathematically. In consequence, pay more attention to
the teaching of appli problems, make the cultivation of the consciousness of "use"
of mathematics t out the whole high school stage, and integrate training students'
ability of sol mathematics application question into daily teaching, which is
conductig hs promote the development of students' mathematical innovation, stimulate

mathem rning interest, and improve internal drive of mathematics learning. In our
coun ny middle school mathematics teachers have carried on the thorough
on the mathematics application problems teaching, which also has made some
@ess. However, there are still a lot of mistakes in the application teaching in the daily
system. In particular, the college entrance examination still has its influences,
teaching material adjustment is not in place, how to teach the application problems plays
a crucial role in the overall implementation of the quality education reform.
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1. Introduction

Different from the traditional programming, the design of the expert system is based on
the knowledge of the program design (Knowledge a basedProgamming). The operation of
the expert system needs to be supported by a knowledge base, which is mainly used to
solve the special knowledge in a certain field. Such as the GUIDON system of the United
States, it can be used to modify and induce the way to answer the medical problems of
college students. SCHOLAR system can intelligently answer the question of American
geography knowledge. Expert system is used to simulate the decision process which is
mainly through knowledge acquisition module from the knowledge base extraction
narrative knowledge data. Machine through reasoning and explanation module of data
acquisition were internal reasoning, thus completing the human simulation and decision
making.

The expert system of mathematics application problems is a kind of expert system [1-
2]. Such expert system can effectively assist teachers to solve various
encountered in teaching activities, but also to help students to better complete t

learning [3]. Teaching practice shows that the application problems teachj tegy is
not rigid or static. The teaching aim is to cultivate students' abili arn new
knowledge of mathematics, proposing, analyzing and s roble hematically,
as well as the ability of mathematical expression and cati e importantly,

develop students' mathematical application consc@D and iqpovadidn consciousness.
This study solves the problems of the teachers and stacle% process of students'
learning in the application problems teaching, puts forw, mplete set of teaching
strategies. The reality shows that the efge:@ od. Ana udents in different levels,

the levels of model construction in th catlon s teaching should also be
different.

For the students who are wegk\in unda knowledge application problems
teaching is supposed to tran5|t 0 flrst the modeling to the second level, and
guide students from the met are as to let students happy in mathematics
learning and form the confidence in Ie ?Q‘ athematics well; for those who are better in
fundamental knowled eaching nsit gradually from the first level to the third
level. Except for idance i ethod and awareness, it can also allow students to
engage in thelr ctice,i ation, and experience the charm of mathematics
application. Q& students have excellent knowledge foundation, they can be
arranged some uable application problems on the basis of practical

investigatio achers
of thought. This re

er students are supposed to discuss together and open train
as carried on the discussion and the practice, carries on the
more thorough re on the application question teaching.

Because of «@plicaﬁon of the language, the understanding of the language, the
relationship petween the numbers of judgments, the choice of such factors as the choice of
these faciQ making it difficult for students to increase the difficulty of solving. At the
same ' it also makes the teaching difficulty of the application of the teachers to
iper [4-5]. In this paper, according to the teaching design automation theory,

%nation extraction methods and reasoning technology. A teaching expert system
profotype is constructed, which can be used to solve the problem in the process of solving
the problem. It can improve the ability of solving problems independently. In addition, it
is helpful to improve the plight of teachers in the teaching of applied problems, enhance
the teaching ability and enrich the teaching experience.

2. Significance of Mathematics Application Question Teaching

New "High School Mathematics Curriculum Standards” (Mar.18, 2002 draft) clearly
put forward that mathematics is the science to study the space form and the quantity
relation, which is the science researching on mode and order. Mathematics is an important

402 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.12 (2016)

part of human culture, which constitutes a basic quality that a citizen must have.
Mathematics science has always been the basis of natural science and social science, now
going to the stage from behind to the front. In some ways, it directly creates value for the
society and promotes the development of social productive forces. Increasingly wide
range of mathematical applications is constantly infiltrated into all aspects of social life.
Mathematics plays a unique and irreplaceable role in the process of forming human
rational thinking, and highly developed mathematical thinking has become an important
symbol of the progress of human society.

Mathematical sciences have the tradition of realism of "problem solving" like
mathematics in ancient China, but also possesses rational spirit of "deductive reasoning"
advocated by Greek. The maturity of the modern society has led to the depth and
strictness of Hilbert formalism. Therefore, the principle drawn up by the middle school
mathematics curriculum standard in new century is as follows.

(1) Enable students to have the necessary mathematical knowledge, basic skills, as well,
as the mathematical thinking and methods embodied in it, and let them have a M
vision of mathematics. ? -

I

(2) Improve students' ability in various aspects, such as space imagindtiofiyintuitive
guess, induction abstraction, symbolic representation, computation e proof,
system construction etc. And based on this, cultivat ts' abl learn new
knowledge of mathematics and the ability to provi ic solut r analyzing and

solving problem, mathematical expression and ¢ icatio w develop students'

mathematics application awareness and innovative mousn& addition, it is hoped

that it can be able to rise as a kind of mathemétreal conscl(%ess consciously think and
i

make a judgment on some of the mathematj del cont&q in the objective things.
(3) Stimulate students' interest in th matics, so as to let the students
form confidence in learning mathe wel ‘§ know the scientific value and
humanistic value of mathematj csépcate the nal spirit of mathematics thinking,
appreciate the aesthetic charm m@tl nd form critical thinking habits, so as to

further set up a world outloo ialectic \ ialism.

2.1. Excellent Educaﬁ@lnctlon of’?ﬂa hematics Application Problems
n sh

Mathematics e consider to meet the needs of all students in live
and work in_t e not promote the comprehensive development of the
student, b 0% provjd ult experlence opportunities, and responsibility for the
students. IMwzecent vy pplication problems in the preparation, attaches great
importance to the ment of educational function. Most of them take the actual
situation of our and urgent hot point problem as the background. It not only
reflects the m tical society in a certain extent, and becomes a window for the
cultivation of students' spirit of patriotism, and enhancement of their sense of social
responsibifity==and understanding of the social. As a result, let the quality education

implem and lay the foundation for students entering into the society. The application
p:é @ are of variety, such as involved in the problem of desertification, soil and water

10 population problems and so on.

2.2 Ability-oriented Education

General secretary Zemin Jiang has pointed out: "We must adhere to the combination of
education and social practice, take improving the quality of the people as the fundamental
purpose, and regard the cultivation of students' innovative spirit and practical ability as
the focus."

Mathematics discipline comes from practice and it is widely used in practice, which
plays an important role in improving the quality of the people. Mathematics application
guestion is necessary in the cultivation of students' innovative ability and practical ability.
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The American Institute of Mathematics Teachers (NCTM) pointed out that the main
purpose of learning mathematics is to solve the problem, and it is the process of applying
what is learned to new and unfamiliar scenarios. Mathematics application question is the
educational process of making use of mathematical knowledge, mathematical methods
and mathematical ideas to analyze and research on the phenomena of the objective world
and organize it. The mathematical model is set up by the practical problem, forming the
mathematical problem, and then solves the problem by using mathematical thinking and
mathematical method, which is a kind of ability-oriented education.

The factors that ability involves in are of variety (psychological factors, physiological
factors, etc.), which is understood by the psychologist as the personalized psychological
characteristic that has direct and stable regulating function in the smooth and effective
operation of activities. Mathematical ability is a special ability, which is the ability that
the general ability resides in this special field in mathematics. The other is in mathematics
learning process, according to the strict mathematics logicality and characteri of.
highly abstract and wide range of application, the mathematical ability structur

t?w?ﬂcal
and

attributed to "five ability elements - mathematics observation ability,
memory ability, mathematics thinking ability, space |mag|nat|on a

mathematical ability."” @

2.3. Openness of Mathematics Teaching

Mathematics appllcatlon question teaching i alnly S|mple process of
"knowledge + case", but a kind of open teaghing process By Quiding the students to
investigate real life and production, and jects nature showing colorful
mathematics application examples, nat mtegr lication in daily teaching.
Students in knowledge acquisition, at %
knowledge of mathematics, learn li
practice, and acquire lifelong atical
opportunities. The teaching pq%ss f ma

students' construction and activi partl

me ti er learn the methods for self-

er participating in mathematical
bility, so as to further gain development
ics appllcatlon problems is the process of
. The topic itself is open in condition and

open in conclusion, W is cond 0 cultivate the students' consciousness of
mathematics, truly.le athema al mking", and thus cultivate students' exploring,
pioneering splrlta ve bj
2.4 The B |er 0 T ing

To solve proble mathematlcal application requires to possess with two levels
of abilities. One is t ity of mathematics. That is to say, the ability of transferring the
practical probl o the mathematical problem, which involves in mathematical

reading ability the ability to solve mathematical problems. Mathematics is the pilot
for all the@emaﬁcs applied in the reality. Without mathematical material, it is difficult
to use atical methods to deal with a practical or realistic problem [4]. Only after
mat:&x, it is possible to solve the problems by making use of mathematical ideas and
Therefore, in the application of mathematics education, mathematical ability is
%cus of teaching, which is the core of the ability to solve practical problems together
with mathematical thinking. Mathematics educator Freudenthal once said: "it is not so
much to let the students learn mathematics, it is better to say to let the students learn the
"mathematization™. The role of mathematical application question in this process cannot
be replaced.
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3. Research Contents

3.1. An Overview of Teaching Expert System

Expert system is one of the most important and active application areas in artificial
intelligence. It realizes the artificial intelligence from the theoretical research to the
practical application, from the general reasoning strategy to explore the use of specialized
knowledge of a major breakthrough.

In 1965, Stanford University, E.A. Feigenbaum, and a chemist, J. Lederberg,
developed the world's first expert system. In 1977, E.A. Feigenbaum, a computer scientist
at the Stanford University, proposed a new concept of knowledge engineering at the Fifth
International Conference on artificial intelligence. Since the 1980s, under the promotion
of knowledge engineering, the emergence of a lot of expert system and development
tools, such as EMYCIN, CLIPS (OPS5, OPS83), G2, KEE, OKPS and so on.

The research of expert system in education teaching is helpful to teachers' teachi
students' learning. At present, the research of the expert system in the field of teach
China is still in the exploratory stage, but some achievements have bee@

1998, Zheng Yongbai put forward the theory of teaching prescriptign ifnhis” doctoral
thesis "teaching system design theory and method re&%—— Tea@Prescription
Theory and design and development” [5-6]. InterMod comw rogram that is
used to support the learning concept of primary a e schoegl stusénts and the skills
related to classification. The program has the kno e base%ﬁce engine and rule
base. Ma Ning's knowledge base of teachin de in tegehing design is discussed, in
which the idea of teaching design automati wged to sfu@e process of mathematical
problem solving process [7]. ’ 6

And for different areas of the desi aife defi @f its description is not the same.
Known as "the father of expert sy d kno%\e engineering", Stanford University
professor Feigenbaum Edwar efinition of “expert system is: a smart computer
program, the use of knowle d reasorfi solve the problem of the system. That is
to say, the expert system is.a kind of ¢ g system which can simulate the decision-

making ability. The bzs'\ cture of pert system is shown in Figure 1.
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Figure 1.The Structure of Expert System

Knowledge base: a knowledge base that contains the knowledge and solutions to solve
the problem. It is a specific knowledge warehouse of various experts and scholars. It is
reflected in the rules of knowledge, framework, logic, semantics, etc. The knowledge base
of expert system contains factual knowledge and exploratory knowledge.

Reasoning machine is an equivalent of a human's brain with a strict reasoning
mechanism. It usually controls the rules of the structure and provides reasoning methods.
According to the knowledge of the knowledge base, according to certain reasoning
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strategy, solving the problem, explaining the facts and data of the external input, the
conclusion is derived and the user tips, etc.

Knowledge acquisition: the module is an auxiliary function of the expert system, it will
internal representation of knowledge conversion, processing of microcomputer. For the
original knowledge in the knowledge base and modify the expansion of new knowledge,
it provides appropriate means, maintain the knowledge consistency and integrity. And
responsible for the good performance of the knowledge base is established.

3.2. The General Design of the Expert System of Mathematics Teaching

According to the analysis of the problem solving process of the elementary school
mathematics application, combining with the basic structure of the expert system, divided
the system into the following modules, as shown in Figure 2.

Teaching expert system of mathematics word problems VV

4,

JuoweSeurl WOISAS

b JudwoSRURL 9SB(Q 9SPITMOUY |
®

N
Figure 2. Function Mo I’d\he Expe%ﬁ/stem for the Application of
Math csin @ary Schools

3.2.1. System Mana
Users can que dlfy, lete and other functions of the contents of the

knowledge b h the m ent authority.
3.2.2. Kno@e Bas agement

In this system, th wledge base management includes the management of applying
the rule base o pplication and the management of the type of problem. In the
management o rule base, it can be divided into manual management and automatic
User is use of the manual management to solve the problem of information.
ment, extracted from the operator can be used to determine the rules of
, and will be stored in the rule base. The manual management rules can be
, the success rate of operator. Automatic management system is based on the
nput of the application of information, information extraction. And the extraction of
a variety of lexical information is stored in the semantic dictionary [8]. At the same time,
the system will extract lexical information from the existing rules in the rule base to judge
the existing rules. Due to the application of semantic information extraction, there is a
certain error. For operators to determine, there is a large error, low efficiency. Therefore,
the need for manual intervention can be resolved. Application item type library is a
framework for storing various kinds of problems. In this framework, there are different
types of application problems. Users can add, delete, modify and other operations based
on the classification of the application questions.
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3.2.3. Knowledge Acquisition

Knowledge acquisition includes semantic information extraction and application. To
extract information from the application questions which were established data repository,
guantifier relation database and keywords, offers the effective information that will be
applied to store separately the three libraries. The problem classification is mainly based
on the artificial way to store different types of applications in the framework of the
application of knowledge classification.

3.2.4 Application of Problem Solving

This part is based on the content of the knowledge base and the application of the
calculation based on the rules. In the process of solving the problem, we first need to use
the information extraction of the problem, and then according to the extraction of
information to determine the application of the solution operator. In this oce

information extraction is the key, the operator is the main. ?‘
3.3. Design of Main Modules of the System 0
3.3.1. Design of Information Extraction Module \* @

Based on the rules of information extractlon t|o dISC s the extraction
model of mathematical application problems. In manon\’%gﬁlon rules, contains
five elements: path extraction (extract path), the extraction ter (extract point), left
and right neighbor (prevailing. The next Si I entlflc\ ixed text (fixed text, text
feature (text feature).

The extraction path is to select the ormg the text, and determine the path
to be extracted according to the nod

nce. s%s
ct

The extract point is a pointert rst chara
The left and right neighbq&r IS a nQ@\@ the left and right sides when extracting
the current information.

Fixed text refers to@n Conten\@extraction of information or fixed text form.
of

Text feature refers roperti e text.

The expression rmatjo ction rules is as follows:

“Semantic it Step (no , extractpoint, prevsibling, nextsibling): Predicate
[fixedtext, re}

Accordi the & n rules it is for the application of the information
representation, the p s shown in Figure 3.

< Mllcatlon item information —| Separate the sentences — Participles — Local information extraction

O ,
@O Extraction result Result generation 14— Event merging

Figure 3. Information Extraction Process

Due to the application of the title contains a lot of information, such as problem solving
keywords, measure words, numbers and unrelated words. It is necessary to extract the
application information are stored in key thesaurus, quantifier relation database and data
library. For the unrelated words is rounding.
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3.3.2. Design of the Application of the Rule Base

In the process of mathematical problem solving process need to judge the operator,
according to the representation of knowledge in generative knowledge representation
(IF...... THEN, the string matching conditions of the judgment operator is converted to
IF...... THEN statement design.

When an application of information input, by the HowNet technology application on
the topic were formal expression matching the extracted string information and rules
library policy code information, if a successful match selects the corresponding operator,
if the match is not successful, it returns, again to the original application of information
extraction until a successful match so far. When a rule base is added in the rule base, the
program can extract information from the user's input according to the information of the
user's input, and judge the information to match the rules in the rule base. Operator's
judgment is based on string matching, however, how to match, the need to match the rules
to carry out. Therefore, the extraction of the semantic information of the applied p "
is the precondition to establish the matching rules.

3.3.3. Design of Application Item Type Library
The type of mathematical application problems can b \} d into ger one step
%I .

computation application problem, the two step n-app problem, the
fractional application problem, the fractional fmﬁh tic W on problems, the
proportion application questioned the column eq appllc problem. Therefore,
according to the framework, we can express nt types plications [9]. According
to the frame method, the knowledge type thematlc lication problems can be
expressed, which can be converted to of kn dge base, that is, the design of
knowledge base of mathematical tlon ording to the database design
principle, can use the method o i deletl modlfymg to carry on the concrete
operation. A

3.3.4 The Design of th lication g@ oblem Solving Process

According to the di of th nctfon module and the key technology of the expert
system of mathe pI|c stlon based on Figure 2, this part gives the detailed
process of soIv hem blem. As shown in Figure 4:

®d the ml atio
@ Extract 1nf0rmat10n)—{lnformation extraction)

Extract keywords,
uantifiers and data
Automatic Solve
Display result

Operator op()

Figure 4. Mathematical Application Question Solving Process

4. The Realization of the Main Module of Teaching Expert System

The overall structure of the expert system and the design idea of each function module
are discussed in the paper. This section combines the above content, from the system
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function modules to achieve the way, algorithm and parameters of the point of view, a
brief discussion of the main modules of the system to achieve the idea [10].

4.1. User Management

In the user management module is mainly to achieve the management of user
information and rights management. To achieve the function, it can be divided into two
steps: 1) to create a database of users: for the userid field, username, RolelD
(authorization 1D, int, foreign keys, associated permissions table (0 ordinary users, 1 for
administrator] 0 by default). IsLogin (type of bit, 0 said registered users. 1 that is not
registered, the default value is 0) etc. It also need to build a permission table role, the field
RolelD (authorization id int primary key, since the increase), and the role name
(permissions. For ordinary users and administrators); 2) of the background to add users,
the insert operation, users add to default ordinary users. If you want to change the general
user to the administrator, only the UpdataUser table in the RolelD=1 can be implew
in the program distribution rights.

4.2. Knowledge Based Management Module . 0
In the management of knowledge base, the database i ed into%bplication of
the rule base and the type of application. Therefore, ne€d te build tWwe data tables, named
as RuleDB (the application of the rule library) and @ (th e itle Library).

1) Implementation of rule base

Step 1: create a user RuleDB database. Set ield fop tI@serName RulelD, (ID, int
primary key, since the increase; Name, s;rl

The second step: the user in the ru gh the insert operation will be
added to the rules of a rule I|brary | ﬁ@tlon also delete, modify the contents
of the rule base to operate.

4.3. Implementation of theﬁk Lib

rar
In the module of the a@patlon q \QK ype, the design of the tree is adopted. Users

can add a child ord dlfy t the sub item on the type of application of the
interface to opera t previ n be used to create the ASP. Control tree structure.
The main types b types c ded by the following algorithm.

1) Add t e al or@\/
int numma| tables . S. count;

for (int i=0O; i<num 1)
{treenode node= node ();
]. row[i][1]. costing ();

tree.nodes.add(ndde);
node. ex =true;
i i onvert.toint32(ds2.tables[0], rows[i][0]. tostring ());}

sub type algorithm
oid addsubtrue (int mainlD, treenode Anode)
{sqlconnection con=new sglconnection ();
con. open ();
sgldataaddapter adpl=new sqldataapter
("select*from subbords where mainID="mainID+"*, con);
dataset ds 1=new dataset();
adpl. fill(dsl)
Int numsub=dsl. tables [0]. row. count;
for (int i=0; i} numsub; i++)
{treenode node=new treenode ();
node.text=ds I. tables [0]. row[i] [2]. tostring ();
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pnode.nodes.add(node);}}

5. Conclusion

Mathematics application question teaching expert system can extract information
useful in mathematical problem, and specific operational value assignment to focus on the
knowledge of operation variables in operation. At the same time, the system using
Common KADS model based on rule reasoning function. According to the method of
generative knowledge representation, the reasoning rules to judge the data word quantity
information of mathematical application problems. The system can show detailed
mathematical problem solving ideas, helpful for students to understand the application
guestion solving process, make the better the learned learn to use the problem solving
process; and in favor of the teachers in the application problems in the teaching process,
the use of simple method of teaching [11]. Therefore, the system has practical application
value. In the actual teaching practice, we have realized that the key of improve t Y
teaching level is the change of teacher's teaching idea. Pay attention to the te of
application question, let the cultivation of students' "use" mathematics £o usness
throughout the high school stage, and integrate training ;tu@ents‘ il solving

mathematics application question into daily teaching, h help romote the
development of students' mathematical innovation, sti@g athégatic¥ study interest,
and improve internal drive of mathematics learni ud Q{t:/ nalyzes students'
learning psychology, and does researches on te ‘ appli&{ ability, and further
deepens and summarizes the teaching princigle that sho%be noticed in application
question teaching. (& *
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