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ABSTRACT 

 In terms of the leap-forward development for education experiment, both the Chinese and 

English educational experiment have been very successful, while the progress of the children's 

mathematics education experiment in China has been relatively slow. It is believed that the main 

reason for this is the lack of an efficient cognitive tool or system that supports students' study and 

exploration and correspondingly covers the whole curriculum of children's math education. In 

recent years, basic mathematics education cognitive tools have undergone rapid development, 

whereas the lack of a common normalization method for continued in-depth inquiry of the 

relationships among Objects, Algebra, and Geometry (OAG) has led to the fragmentation of 

students' mathematical knowledge. Thus, it is difficult for students to develop a systematic 

understanding of mathematics. Therefore this project attempts to construct a Children's 

Mathematics Exploring System (CMES), which integrates with cognition theory, method, and 

contents of basic mathematics education to query the essence of the relationships among OAG. 

Specifically, the functions of CMES include the following: (1) providing cognitive tools with 

typical characteristics for the relationships among OAG; (2) offering a general normalized open 

system on which sustainable in-depth research can be conducted and a conversion tool through 

which the complete textbook unit of the basic mathematics education can be converted to reveal 

the relationships among OAG; and (3) presenting a set of cognitive theories, methods, and a 

system of basic mathematics education to further explore the relationships among OAG. This 

project will accelerate the development of cognitive technology in basic mathematics education, 

widen its practical applications, reduce the difficulty of mathematics cognition, and finally 

improve the quality and efficiency of basic mathematics education

. 

1. INTRODUCTION 

       According to developmental 

psychology, childhood can be divided into 

early childhood (preschool age), middle 

childhood (school age), and adolescence 

(puberty to legal adulthood). The Children 

mentioned in this research mainly refer to 

those at preschool age and school age. 

 

 

Mathematics serve as the language of 

natural science, and cognitive education in 

mathematics aims to cultivate basic 

mathematics ability. With the advent of an 

informa- tion society and the development 

of Internet and Computing Technologies 

(ICTs), talent with mathematical ability is 

increasingly required. Moreover, countries 
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all over the world pay greater attention to 

the important and basic role of math- 

ematics cognitive education [1]-[3], and 

even propose to win the "mathematics war" 

[4]. 

Due to the significance and fundamental 

strategic role, the relevant research on 

mathematical cognitive education has 

become a hot spot in various countries [5]-

[19]. Indeed, the level of mathematical 

cognitive technology is end- less [21]-[22]. 

A lot of researchers have paid attention to 

Tthe practice [20] and investigated the 

impact of different mathematical 

technologies on cognitive effects [23]. 

Davis, the pioneer of cognitive mathematics, 

has paid great attention to the problem of 

psychological representation when analyzing 

the latest views of mathematics education, 

calling for the study of human personality. 

He has made it clear: "mathematics is not a 

sign written on paper. Mathematics is a way 

of thinking, which includes the 

psychological representation of problem 

situations and related knowledge, including 

the analysis of these psychological 

representations, including the use of 

annotation" [53]. At present, the cognitive 

theories involved in mathematical cognitive 

education mainly include cognitive situation 

theory [24], cognitive structure theory [25], 

cognitive diagnosis theory [26], cognitive 

load theory [27], and cognitive elasticity 

theory [28]. 

II. RELATED WORKS 

A detailed list of works relating to children's 

math and CMES is provided below. 

A. ANALYSIS OF MATHEMATICS 

TOOLS FOR CHILDREN With the in-

depth integration of Information Technology 

and mathematics curricula, many research 

institutions at home and abroad have 

developed tools and software for 

mathematics leaming. In particular, the most 

commonly mentioned tools in the literature 

included: the "Geometer's Sketch- pad" [33]; 

the "Z+Z Intelligent Education Platform" 

[34]; and "Jinhua Branch of Mathematical 

Platform" [35]. There also included the 

"Primary Mathematics Companion" [36]: 

the graphing calculator [37]: "Logo 

language" [38]; "geo- metric reasoning" 

[39]; the "Mathematica package" [40]; the 

"MP_Lab" [41]; the number sense game 

(NSG) [42]; the "DM_Lab" [43]; the 

"Children's Enlightenment Mas- ter" [44]; 

the "Child Star of the Enlightenment of Gray 

Ducks" [45]; the "King of Oral Calculation" 

[46]; the "Haifeng Learning Courseware" 

[47]; and other educational software 

programs and math games, as well as 

programs such as "Bingo" [48]. These 

learning tools focus on middle- school 

mathematics more than primary-school 

mathematics. Concerned with all the content 

of primary mathematics, we deemed the 

most comprehensive software program to be 

"Primary Mathematics Companion" [36], 

while others could only support several 

aspects of primary mathematics content. 

According to our research, we surmised that 

the sum of all the software in the inquiry 

learning researched could not meet the entire 

contents of primary-school mathematics. 

The encounter problem-which models the 

encounter between two vehicles and is a 

common feature in curricula- -was one of 
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the pieces unaccounted for. Although the 

"Primary Mathematics Companion" [36] 

manage to cover the full contents, it is far 

from enough to help children explore, 

inquire and obtain knowledge since it is 

primarily used to evaluate and practice what 

they have learned. Therefore, there still 

remains room for developing and improving 

inquiry-based leaming for students, so as to 

best support them in their learning 

endeavors. 

 

 

The main reason is that mathematical 

cognitive education involves multiple 

grades, with various contents and 

difficulties. As a result, it is not easy to 

provide a unified exploration system for 

mathematical cognitive education. 

Therefore, The producers of mathematical 

educational tools tend to con- duct research 

from a certain aspect, but fail to start from 

an overall perspective of children's 

mathematical cognitive education. 

Importantly, content for mathematics 

cognitive education should be merged and 

classified with all related objects summed up 

and all kinds of relationships between these 

objects mined out. From here, all objects and 

relationships are integrated and developed. 

Hence, each product designed can only 

provide teaching and learning support for 

part of the current mathematics cognitive 

education (even a very small part of the 

teaching content). Apart from that, most of 

the teaching content does not have the same 

overall cognitive system to support the 

students' cognitive inquiry process in each 

grade. Even for the same topic, it needs to be 

learned using two different kinds of 

recognition knowledge tools. Consequently, 

children will have to make adaption 

constantly, after learning a variety of new 

software cognitive tools, which simply 

results in additional burdens. What teachers 

and students do hope to use is an unified 

exploring system which will span the whole 

learning process from junior to senior, so as 

to minimize the extra burden. 

B. THINKING OF CMES 

Generally speaking, children's mathematics 

cognitive education involves the knowledge 
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for preschool and grades 1 - 6, and includes 

various contents and difficulties. This study 

asks how to make these complicated 

elements of knowledge covered by the same 

system? In other words, what is the 

relationship among the contents of 

mathematical cognitive education? Which 

theory and method can be used to construct 

a mathematical cognitive education system 

that can explore the essential relationships 

among OAG? It has become a key scientific 

issue in this study. Because the research on 

the relationships among OAG is the 

cornerstone of this study, we argue that the 

best way to realize the exploration of the 

relationships among OAG is to build the 

corresponding relationships among them 

into the exploration system itself. 

Specifically, the relationships of OAG in 

mathematical cog- nitive education includes 

three categories: the relationship between 

objects and algebra, between objects and 

geometry, and that between algebra and 

geometry. While each category can be 

divided into several subcategories, too. For 

example, Geometer's Sketchpad belongs to 

the category of geometric operation tools 

under shapes in the relationship of objects 

and geometry. How to obtain and organize 

these relationships in OAG in children's 

math education? Our solution of develop- 

ment is to merge and classify all the content 

in mathematical cognitive education, 

summarize all related objects, and exca- vate 

all kinds of objects, as well as the algebraic 

and geomet- ric topics among these objects. 

Finally, we aim to integrate all objects and 

relationships among OAG to establish a 

unified model of a cognitive theoretical 

method and system that can explore OAG, 

providing a holistic way for us to solve key 

scientific problems. This solution may seem 

different from the aforementioned solution: 

but, in fact, they are completely consistent. 

Below is a discussion of the connection to 

the solution 

III. RESEARCH METHODS AND 

STEPS 

A. RESEARCH METHODS 

In the early stages, our team published 

relevant research results related to the design 

principles of the overall perspec- tive of 

math education [50], the construction of 

mathematical teaching support model and 

exploration technology in pri- mary school 

mathematics [51], automation assessment 

tech- nology of computer skills and 

educational technology [52]. online game 

addiction mechanism, and more. These 

results of the recent publications are of great 

significance to CMES. 

 



International Journal of Early Childhood Special Education (INT-JECSE)  
DOI:10.48047/INTJECSE/V15I2.98 ISSN: 1308-5581 Vol 15, Issue 02 2023 

751 
 

We absorbed the latest achievements of both 

domestic and foreign researchers in 

mathematical exploration tools, cognitive 

effect measurement, cognitive theory. 

Additionally, we drew on representative 

thoughts and experiences; used some 

cognitive tools, methods, and theories in the 

field of mathematical cognitive education 

both at home and abroad, and actively 

discussed with these distinguished scholars 

as well. Finally we integrated various results 

into our exploring system. 

1) LITERATURE METHOD 

This method was used for researching 

mathematical explor- ing tools and related 

theories or methods. In particular, this study 

carried out a full literature review on the 

mathemati- cal cognitive ability related to 

OAG cognition, surveyed the supporting 

tools of mathematical cognitive ability, and 

the measuring tools or scales of its 

promoting role. The review also included a 

survey of the educational psychology basis 

and learning science basis of relevant 

scientific experiments, and investigated the 

promotions or training of relevant basic 

cognitive ability by corresponding tools. 

 

2) SYSTEM SCIENCE METHOD 

This method was used to study objects, 

algebra, geometry, and their essential 

relations. Meanwhile, it was used to study 

the mathematical cognitive education tools 

and the mathe- matical model, structure, and 

design method of the system. In terms of 

specific development technology and 

methods, we used this research method to 

carry out abstract object anal- ysis, 

constructed all mathematical objects and 

related objects in mathematical cognitive 

education (e.g. sequence problems involving 

objects, scores involving objects, encounter 

prob- lems involving objects, and geometric 

objects), and analyzed their corresponding 

operations and attributes. Furthermore, we 

classified and built a mathematical model 

and, finally, formed its overall research 

technology route(see Fig. 1). 

3) MATHEMATICAL METHOD 

The local mathematical method was 

employed to set aside all extraneous 

characteristics of the research object, and 

only extract various quantities, the variation 

of quantities, as well as the relationship 

between them. Based on the character- istics 

of mathematical cognitive education tools 

and con- tent attributes, this research 

combined mathematical methods with 

systematic ones to investigate the method of 

measuring relevant mathematical cognitive 

ability, evaluating the effec- tiveness of 

mathematical cognitive education tools, 

extracting and analyzing the object and its 

relationship to mathematical cognitive 

education content, classifying these tools, 

and developing advanced technology 

4) SCIENTIFIC EXPERIMENT METHOD 

AND SYSTEMATIC SUMMARY AND 

INDUCTION 

In the early stages of our research, based on 

C#, a system was implemented to support 
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the typical issue of "encounter problem", 

including: the basic vehicle of the moving 

object, exploration space and object storage, 

saving and opening of encounter scene, and 

some evaluation functions. This estab- 

lished a specific situation for children to 

explore, where they could set up roads, cars, 

and driving rules by themselves. Obviously, 

this engagement played a key role in the 

formation and accumulation of children's 

rich representation of mathe- matical 

principles, and helped children understand 

the knowl- edge of speed, time, and distance 

in mathematics. These basic functions were 

improved upon and expanded, and a 

children's mathematical inquiry system that 

can explore the relationship between OAG 

has been designed and implemented. 

IV. SYSTEM DESIGN AND KEY 

TECHNOLOGIES 

A. SYSTEM DESIGN 

According to our above research into the 

learning software for primary-school 

mathematics, we found that none of these 

tools were programmed in C#. We decided 

to design our exploring system based on C#, 

in particular, our system mainly focused on 

primary mathematics, which will not involve 

complex operations. 

1) THE THEORETICAL BASIS OF 

DESIGNING CMES Our original ideas of 

designing inquiry-based tools for primary 

mathematics mainly come from 

mathematical exper iments of evidence-

based theory [53]. Experiments in mathe- 

matical research are different from that for 

learning tools. Firstly, their experimental 

purposes and auxiliary objects are different. 

Experiments in mathematical research are 

mainly used to assist researchers while the 

experiments in mathematics learning tools 

are used to assist learners in learning, so as 

to better understand the concepts and 

principles. Secondly, their experimental 

tools are different, which depends on the 

purpose of the internship and the auxiliary 

objects. Researchers typically use 

experimental tools in mathematical research, 

while children generally use experimental 

tools in mathematics learning. This suggests 

that the learning experimental tools should 

consider the characteristics of children and 

should be simpler and easier to understand 

than the research experimental tools. Few 

scholars have studied this area of expertise 

because most people believe that 

mathematics does not require physical and 

chemical tests. In fact, mathematics has its 

own laws, which can also be understood 

through experiments. On the one hand, 

available mathematical tools for experiments 

are few. On the other hand, mathematics 

neither has any dynamic physics 

experiments nor has chemical experiments 

that could generate new material, resulting 

in a less experimental study. Seen from this 

perspective, we can draw the conclusion that 

it is an excellent means for children to 

understand scientific 

2) THE DESIGN OF CMES 

The design of CMES was advanced, as in 

Fig. 2, by collaborating with the teachers of 

LFDEEE in primary mathe- matics, and by 

classifying, abstracting, and analyzing a 

dozen of textbooks (published by PEPC) of 

primary-school mathe- matics. Then, based 

on the logical integrity of the content of 
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primary-school mathematics, the design of 

inquiry learning support software was 

advanced (see Fig. 2). 

 

For example, Geometer's Sketchpad is 

actually a tool for geometric computing, 

which can not only calculate area, perimeter, 

but also do mapping, graphics, and cutting. 

It auto- matically generates tracking marks 

and it can also be used for quizzical 

experiments. Besides, an inquiry learning 

tool for encounters provides another 

examples, as it is actually a mutual 

rendering tool for digital position 

information and graphics. 

The author proposes the "multilevel model 

architecture", as well as the Five Vertical 

and Three Horizontal (FVTH) strategy, 

aiming to explore the system of OAG. "Five 

Ver- tical" means that the model can be 

divided into five layers vertically, while 

"Three Horizontal" indicates that the model 

can be separate from three layers 

horizontally. As a matter of fact, the five 

vertical layers refer to the bottom scalable 

logic architecture, the mathematical abstract 

object layer, the logic layer, the entity 

representation layer, and the user interface 

operation layer in an down-up order. While 

the three horizontal ones include the 

mathematical evaluation layer. the language 

description layer, and the layers for 

evaluation feedback. Particularly, we also 

put forward a series of model constructions 

related to OAG cognitive system, such as 

the construction of encounter model, 

sequence basket model physical basket 

model, evaluation automation model, objec 

geometry corresponding model, image 

management model geometric operation 

model. 

 

On this basis, the author built a design of 

root class for mathematical object and their 

derived classes of encounter problems of 

primary-school mathematics(see in Fig. 4). 

 

The model class includes four categories of 

objects: vehicles, roads, road signs, and 

instructions. Instruction includes arrows and 
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their data prompt. These four categories of 

objects are inherited from the general 

category of the car road model root class. In 

this way, it can facilitate different objects to 

be called under the same operation, 

simultaneously, in addition to a time object, 

which can act on all objects. The model 

reveals the correlation between design 

objects (see Fig. 5). 

 

 

 

 

 

B. KEY TECHNOLOGIES 

The CMES is a complex and comprehensive 

support software system for elementary 

mathematics teaching and learning, which 

involves multi-disciplinary research and 

development. The CMES is a hybrid 

application of online and offline modes. It is 

mainly offline applications with online 

updates and exercise publishing, as well as 
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other functions, that can be used in the 

classroom. The system is configured by 

explorers, but it requires teachers to 

demonstrate its configuration or operation 

for the first time. Children can then 

configure their specific parameters to 

explore further. 

 The key technologies of CMES mainly 

include:  

1) THE OVERALL CONSTRUCTION OF 

CMES AND RELATED TECHNOLOGY  

The system should integrate the content 

from different grades of elementary 

mathematics teaching, include all the objects 

and their relationships, and be accessible to 

more external mathematical objects. 

Therefore, the overall system and its 

embedded design technology are of great 

significance. 

2) THE RELATION ENGINES OF CMES 

The relation engines of exploring system 

include five types: relation engine of object 

and algebra, of object and geometry, of 

algebra and geometry, and of algebra and 

that of geometry.  

3) INFORMATION SEARCH ENGINE 

(INCLUDING TYPE IDENTIFICATION 

OF OBJECT) AND RECOGNITION OF 

NAMED ENTITY  

In the transformation between objects and 

graphics, it is often necessary to find the 

shape similar to the specified object, or to 

find the object similar to the specified 

figure. This technology can ensure that the 

corresponding results can be retrieved.  

4) ANSWER INFORMATION 

EXTRACTION AND DIVERSIFICATION 

EVALUATION 

 There are many forms of diversified 

evaluation. In addition to evaluating the 

commonly-used objective questions, it can 

also be used for the evaluation of 

classification, sequence, connection, 

possibility, overall arrangement, which is of 

vital importance as well. 

 

V. THE IMPLEMENTATION OF 

CMES 

 The object-oriented C# was chosen as the 

programming language to make the 

exploring system. This research realized 

various forms of computer rendering 

through GDI and technology within the 

objects of each class, and successfully 

displayed most relationships between topics 

within children’s math. The structure 

interface, the base class, and its derived class 

object were also realized. The whole system 

is a scaleable hierarchical open system, and 

the core of the system is the executive 

engine of operation, which is mainly used to 

support children’s exploration of the 

relationships between mathematical objects. 
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A. OVERALL GENERAL TOOLS 

 In order to explore different mathematical 

objects, we designed and developed general 

tools that do not depend on specific 

mathematical contents in the system. There 

are more than 22 interfaces in this part, 

including the interface of inquiry practice, 

auxiliary question setting, score reporting, 

score receiving, three-level comment 

display, and more. These tools play a basic 

supporting role in the whole inquiry system. 

These general tools include a series of tools, 

such as exploration experiment space, free 

writing and drawing space, the tools for 

rotation, coloring, graphics and text box, 

deletion and selection, comment, question 

scoring, score receiving, question addition 

and deletion, animation playing, website 

publishing and updating, and a tool for new 

creation and saving of exploration space. 

B. EXPLORATION OF THE 

RELATIONSHIP BETWEEN OBJECTS 

AND ALGEBRA  

The relationship between objects and 

algebra is one of the essential relationships. 

In order to explore the relationship between 

the physical objects and digital numbers, we 

designed and realized 104 tools in total in 

this technology. This part mainly focus on 

object algebra corresponding cognitive 

exploration tool (Arabic numbers, abacus 

numbers, and different colors), object 

favorites, digital favorites, basket tools, 

RMB basket cognitive tool, balance tool, 

sequences of different kinds, transaction 

arrangement exploration, the evaluation tool, 

the inquiry of the digital coding, charts of 

different kinds, the possibility and 

evaluation, possibility inquiry tool, and so 

on. 

C. THE EXPLORATION OF ALGEBRA  

The relationships within algebra are also of 

great significance. To illustrate the 

relationships among digital numbers and 

algebra, we designed and realized 23 tools in 

total in this technology. This part mainly 

includes the tools for ‘‘factor inquiry, 

operation inquiry, drawer principle 

exploration, common multiple and 

evaluation, fraction to decimal and 

percentage, fraction graphic representation 

interface, shopping interface, fraction to 

fraction interface, sketchpad interface, touch 

ball, drag in or move out (possibility 

inquiry) tool’’. 

D. EXPLORATION OF THE 

RELATIONSHIP BETWEEN OBJECTS 

AND GEOMETRY 

 Also, the relationship between objects and 

geometry remains essential. This 

technology, through which children can 

explore the relationship between physical 

objects and geometric figures, was further 

promoted. There are 24 interfaces in total, 

such as display 3D cube interface and 
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graphic manipulation interface. Still, this 

part mainly involves the interface for 

‘‘object favorites and geometry favorites and 

the corresponding presentation of objects 

and geometry, learning classification 

(method 1, method 2, independent operation 

exploration), classification basket and 

classifiable objects and graphics, evaluation 

status, grading classification, evaluation 

exploration of classification basket, 

classification basket attribute, mirror 

symmetry, and axis symmetry’’. 

 

 

 

 

E. THE EXPLORATION OF GEOMETRY  

There are 12 interfaces in this part, including 

the interface for ‘‘geometry favorite, 

measuring cup, protractor, ruler, quarter 

isosceles triangle ruler, 30 degree acute 

angle rectangular ruler, reading ruler 

(practice, feedback), area grid and its 

coloring, translation, meter rotation, 

flipping’’. 

 

F. EXPLORATION OF THE 

RELATIONSHIP BETWEEN ALGEBRA 

AND GEOMETRY 

 For this part, there are 17 interfaces, 

including: ‘‘date display, time display, clock 

recognition, dial scale recognition, clock 

recognition, time and scene correspondence, 

time cognition clock face exploration, time 

cognition scene exploration, adding road, 

car, road sign, and distance indication, road 

attribute, car attribute, road sign attribute, 

driving rule setting, distance prompt 

attribute’’. 
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The following instructions are given to solve 

the raised question. 

First, click the road button and car button to 

generate the objects of a road and two cars. 

Then, right-click the roads or cars to select 

properties to set the path length or speed of 

their vehicles and their starting position. 

Second, establish the driving rules, select 

pairs of cars, and set the motion state of the 

two cars (e.g., that they must stop when 

meeting). 

Third, set the property of prompt between 

left side and red car by clicking the prompt 

button. 

Teachers could inspire students to think and 

encourage them to explore ‘‘why the two 

vehicles met at 400 m from the left end of 

the road; If the red car accelerated to the 

speed of 40 m/s, where would they meet? If 

the green car’s speed changed to 6 m/s, 

where would it meet the red one?’’ Teachers 

might motivate students to further explore 

this software to verify whether the results of 

the experiment accord with their expectation 

and predictions. The system could promote 

students to think over this inquiry 

exploration thoroughly. 

After laying a solid foundation for questions 

of motion, teachers could direct students to 

summarize relative formulas through our 

platform, such as ‘‘S = vt’’. Furthermore, 

teachers should give instruction that if two 

parameters of distance, time, and speed in 

the formula are known, then the third one 

could be calculated. For the opposite 

movement question raised above, the rule 

summarized by students is that distance 

always equals the sum of both rates 

multiplied by time. We could calculate the 

time spent for the two cars from the 

beginning to their meeting. Since we knew 

the speeds of both cars and total distance, 

and the result was 1000/(8+12) = 50, and we 

also knew the red car’s rate was 8 m/s, we 

could also figure out the distance it had 

driven. The result was 50∗8 = 400. This is 

the answer to the above question. By using 

this tool, students can constantly change the 

speed of two cars, observe the location 

where the two cars encounter, and think 

about the relationship between the speed 

ratio of the two cars and the location where 

they meet. Therefore, through this kind of 

continuous simulation, students will manage 

to accumulate a large number of correct 

images gradually so as to better grasp the 

key points. 
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VI. QUANTITATIVE RESULTS 

AND DISCUSSION 

CMES was first trained and explained in 

three primary schools in Guangdong 

Province. Subsequently, the mathematics 

teachers from 6 different grades participated 

in the training and tried to introduce CMES 

into the classroom, and then, three teachers 

demonstrated the course of applying CMES. 

Finally, relevant data and information of 

both the teachers being trained and their 

application of CMES for teaching were 

reflected in questionnaires. 

 

According to the survey, 89% of these 

mathematics teachers thought the system 

was very useful or the most useful. 

 

Regarding the novelty of the system, 77% of 

the teachers added that they had never used 

such system before. 

 

As for content coverage, 72% of them 

believed that the system could cover 80% of 

the teaching content in the curriculum. There 

was no feedback of below 50% for that. 

 

At the same time, the participating teachers 

also make suggestions for improving the 

system in terms of supplementation of 

primary mathematics knowledge content and 

promoting software function. For example, 

they hope to add the contents of modern 

primary mathematics textbooks of different 

versions and Mathematical Olympiad, 

published by various press, such as Jiangsu 

Education Edition, Beijing Normal 

University Edition, Institute of Psychology, 

and Chinese Academy of Sciences, to 

expand and deduce the three-dimensional 

graphic formula. They also express a strong 

desire to perfect the software installation, 
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PowerPoint media support, question system, 

and interface. 

CMES provides children with a large 

number of visual resources which are 

embedded in the toolbar of different 

exploring tools. Most exploring tools are 

interactive. Children can easily operate 

through them. The system provides two 

ways to start exploring, in which one is to 

provide the entrance of exploring tools for 

teaching material unit learning, and the other 

is to offer the entrance of exploring tools 

based on the division of OAG. 

VII. CONCLUSION 

On the one hand, this paper not only studies 

the open, exploring space based on the 

relationships among OAG, but also 

investigates the storage, object presentation, 

unified operation, relationship linkage 

presentation, generation, open absorption, 

and update technologies of the open inquiry 

space. On the other hand, it studies the 

inquiry technologies of various relations of 

object and algebra, relations of objects and 

geometry, and relations of algebra and 

geometry placed in the open inquiry space. 

Finally, a mathematical cognitive system for 

children was designed to explore the 

essential relationships among OAG. 

A. THIS PAPER PROPOSES A 

GENERAL, NORMALIZED, 

SUSTAINABLE AND IN-DEPTH 

EXPLORATION SYSTEM OF 

MATHEMATICAL COGNITIVE SPACE 

WHICH HAS THE FUNCTION OF OPEN 

ABSORPTION AND RENEWAL 

 In this open exploration space, all cognitive 

objects implement the unified operating 

procedures. The same operation also 

includes the progressive function level of the 

cognitive system. The higher the level, the 

more parameters can be set and the more 

functions it possesses. Therefore, it can 

satisfy the needs of children from different 

grades with the same concept and different 

depth of content. Moreover, it also proposes 

an open exploration space, which separates 

all cognitive tools into mathematical object 

elements, relationships, and cognitive 

functions, and then integrates them into the 

same open exploration space again. It not 

only allows the secondary development of 

mathematical objects, but also the 

integration of external cognitive tools into 

the system, which is of pioneering 

significance. This is also one of the core 

contributions of this work. Yet, because 

there are many new free tools on the 

Internet, we can’t study them one by one, so 

there is still room for improvement in the 

integration of tools in this paper. 

B. THIS PAPER PUTS FORWARD A 

MAP OF THE MATHEMATICAL 

OBJECTS AND THEIR RELATIONSHIPS 

IN MATHEMATICAL COGNITIVE 

EDUCATION, AS WELL AS A SET OF 

COGNITIVE METHODS AND TOOLS 

THAT CAN COVER THE MOST 

KNOWLEDGE CONTENT OF 

MATHEMATICAL COGNITIVE 

EDUCATION AND HAVE VARIOUS 

CHARACTERISTICS TYPICAL OF 

MULTIPLE GROUPS OF OBJECT-

ALGEBRA RELATIONSHIP, OBJECT- 

GEOMETRY RELATIONSHIP, AND 

ALGEBRAGEOMETRY RELATIONSHIP  
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In addition, the internal structure of the base 

class in the mathematical cognitive 

education system is proposed. All the other 

mathematical objects are derived from the 

base class, and the derived class can 

automatically inherit and obtain the relevant 

functions. The base class in the plan is an 

original model that can be derived and 

extended. At present, since many cognitive 

tools cannot be derived and reused due to 

their independence, which insulates them 

from the essential relations of things, 

numbers, and shapes that should be 

possessed by external mathematical objects. 

Through the derivation of basic objects and 

the interaction between the formulations of 

mathematical objects, this system attempts 

to solve this problem so as to make the 

breakthrough of cognitive tools’ 

interoperability. This method is therefore 

one of the core contributions of this topic. 
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