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Abstract—Computer-assisted instruction is a new type of educational mod-
el that integrates with modern technology and pedagogy. This paper, aiming at
application of this model, devises a constructivism-based platform on the prem-
ise of investigations on the constructivism theory and the integrableware idea,
using comparative analysis, case analysis, for example, the Computer Graphics,
and literature investigation, etc. It is proved after each module is designed and
implemented on the platform that this instruction platform is more effective in
the application. It has filled in the gap of current computer-assisted instruction
system in poor universality, etc., better serves the computer-assisted instruction,
thus greatly propell the development of current education causes.
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1 Introduction

As computers and Internet grow in popularity, Computer Assisted Instruction
(CAI), as an educational technology integrating many disciplines such as computer
science, pedagogy and psychology, has gradually become an essential method for
modern instruction [1]. CAID’s theoretical basis has undergone three evolution pro-
cesses, i.e. behaviorism, cognitivism and constructivism, since its inception [2],
among which, the development of constructivism learning and instructional theory
has ushered in new opportunities for computer assisted instruction, and spur it on to
move toward maturity. How to accelerate self-learning environment construction
based on constructivist learning theory will be the great challenge in the future devel-
opment of computer-assisted instruction.

In 1958, the United States was the first country to study computer-assisted instruc-
tion. In 1963, there was a computer assisted instruction system developed for univer-
sity education, which surfed the worldwide study of this topic. As early as the 1970s,
the British government attached great importance to the development of computer-
assisted instruction and took various measures for relevant researches and trainings,
so that they have made remarkable achievements that amazed the world, followed by
Canada, Singapore, Japan and Thailand which also greatly concern the computer-
assisted instruction, and have formed their own unique styles of education in many
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ways. Since the 1980s, the minority of people have been engaged to study computer-
assisted instruction in our country, but it never aroused a wide concern of all walks of
life until the 1990s [3]. Since then, universities and companies have started work on
the development and generalization of computer-assisted instruction software, and
achieved some results to meet the needs of educators and learners.

As above, what we can learn from these historical data is that the study and the ap-
plication of computer assisted instruction in various countries in the world have made
tremendous development in the past 50 years, while a comparative analysis shows
that there is still a wide gap in this field due to the poor universality of relevant soft-
ware which has restricted its widespread application in the education industry, as well
as the disengagement between the content of curses and the reality since these cur-
riculums were designed merely based on cognitivism and behaviorism, and etc. [4].
To better solve the above problems and drive the development of computer assisted
instruction, this paper develops a constructivism-based computer assisted instruction
platform based on the integrableware idea, which has been proven by a study case, i.e.
the Computer Graphics, to have a good application value and better serve the comput-
er assisted instruction.

This paper includes four parts around the application and investigation of computer
assisted instruction system: Part 1 describes the development and enumerates existing
problems of computer assisted instruction at home and abroad, and comes up with the
key idea; Part 2 describes the constructivist theory and the integrableware idea re-
quired for the construction of the constructivism-based computer assisted instruction
system platform, which provides a theoretical basis for architecture and implementa-
tion of this platform. Part 3 compounds in detail the overall architecture of computer
assisted instruction platform based on constructivism theory and the detail design and
the implementation of each module by a study case, for example, the Computer
Graphics, in order to verify the application value of the platform. The part 4 gives a
summary on the results concluded in this paper.

2 Theoretical basis for computer assisted instruction system

2.1  Constructivism theory

Constructivism theory was first proposed by Piaget Switzerland as a learning phi-
losophy or a learning theory. Constructivist-based learning theory puts emphasis on
student-centered idea, while teachers transform from the imparter and indoctrinator of
knowledge into conductors who promote students to learn knowledge construction. It
is believed that learners do not acquire knowledge directly from teachers, but do it by
means of meaning construction in virtue of relevant learning resources and social
environment background. Context, collaboration, conversation and meaning construc-
tion are the four major attributes of learning environment [5]), as shown in Fig. 1.
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Fig. 1. Constructivist learning situation of the four major attributes

Constructivism theory argues that, to advance the innovation of the instruction
models, teachers need to design and create a good learning environment for students
to stimulate their enthusiasm for learning knowledge. Not only that, it sets a higher
requirement for the teaching environment. The traditional instruction models have
fallen short of what’s needed for constructivism theory, while the advent and the
development of multimedia computer make it possible to realize the constructivism
theory. The computer assisted instruction system based on constructivism can provide
real scenarios, typical cases, and build a good learning environment by which to pro-
mote learners' knowledge cognition and construction. The design of constructivist
learning environment model is shown in Fig. 2 [6].

6.Social background support

5.Conversation and collaboration
4.Cognitive tools

3. Information resource

2.Related examples

1.1Problem background
1.2Questioncharacterization
1.3Problem handling space

Fig. 2. Constructivist learning environment model

2.2 Integrableware idea

Integrableware, as a basic teaching unit that forms the courseware, is composed of
innumerous primitives (knowledge points) and can accommodate to the needs of
different teachers and students. It is generally believed that the integrableware com-
prises the integrableware platform and library [7], of which, the platform provides a
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soft environment for teachers and students to assemble the library. The structural
model of the platform is shown in Fig. 3. The library provides a huge mass of re-
sources for teachers and students to use in classroom instruction. Another new opin-
ion thinks that the integrableware is made up by multimedia database management
and compilation system [8]. Both ideas have their own characteristics. In this paper,
we will incorporate the two ideas to design the integrableware system.

Real library layer
‘ . .
Network layer |— Platform layer |— Vlrt‘ial library
ayer
Core layer
e | Webserver Remote user
network users

Fig.3. Product structure model

The integrableware idea features primitivity, integrability, openness, self-
reproductivity, normativity, flexibility, practicability and universality [9]. In view of
this, teachers can combine, remove and choose any teaching modules or add relevant
instructional resources at will according to personal fancy even if they only know a
bit about the computer software platform.

The essence of the integrableware ideas lies in the "meet changes with constancy”.
Teachers can arrange, combine and choose the first-hand resources involved in the
instructional and online repositories according to the needs of different students to
generate a teaching program with certain functions by which to carry out the targeted
instruction and achieve the purpose of teaching students in accordance with their
aptitude by applying the multimedia instruction information resource software system
[10], thus breaking the traditional instruction model solely designed for class hours,
instead of the whole subject curriculum.

3 Architecture and Implementation of Constructivism-based
CALI Platform

3.1 Overall architecture

Integrated design. CAI platform can manage various teaching resources on the
background system in order to provide teachers and students with an instruction-based
environment, where teachers can query and apply relevant materials to the classroom,
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while students can learn the courseware developed by teachers after class, see Fig. 4
for the architecture of the CAI platform [11].

Computer Aided Teaching Platform Based
on Integral Component Thought

Courseware Integrableware
management Management
New Courseware | | Courseware Teaching material Micro teaching cell
courseware | |maintenance show library management library management

Fig. 4. Computer Aided Teaching Platform Based on Integral Component Thought

This platform includes two major modules as follows:

Courseware Management Module: This module makes a uniform management on
all kinds of courseware combined by teachers on the courseware management plat-
form, including New courseware, Show courseware and Maintain courseware, see
Fig. 5 for the process of new courseware [12], and the rest of the process will not
repeated here.

Start

i

Fill in courseware
basic information

Select
Integrablewareaeo

Continue to selec
Integrableware

Generate
courseware

The procedure
is over

Fig. 5. Courseware new flow chart

Integrableware library management module: It mainly includes two submodules:
teaching material library and micro teaching unit. The purpose of this module is to
facilitate the management and the application of users for the integrableware library.
3.1.2 DB design

The core task of the database is to ensure the integrity of data stored and smooth
access to it. The DB design has a direct concern with the efficiency and effect of the
platform operation. The analysis shows that the platform mainly involves three types
of entities: registered users, courseware and integrablewares. There are data require-
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ments of users; teachers need to create and edit courseware, and add new courseware;
the administrator has to maintain the system; students intend to access the courseware
produced by teachers. Based on the above analysis, the architecture of system data-
base includes courseware and integrableware information sheets, courseware
datasheet, member profile and users list [13].

3.2 Detail Design and Implementation of CAI Platform

Technical framework. The platform is mainly applied in the LAN where there are
a small number of users, developed with C/S structure, in order to implement the
user-related modules for front-end client operation. Background server makes a uni-
form management on integrableware library, see Fig. 6 for CAI system framework
[14]. The client software can achieve display and logic of the user interface, and data
processing and database interaction are performed by the background server.

6 Client

Design and Implementation of Client Function. Client is the main medium from
where the user interacts with the system. Users can create new courseware, maintain
and retrieve the courseware and perform other actions on the client. The client enables
to manage the courseware and integrablewares, respond to the actions from the users,
and send data to the system [15]. The implementation of various functions of client in
this paper is programmed in Java, an OOPL.

User login interface: The function of the user login interface is to ensure the sys-
tem safety and authorize users with different access rights according to the login in-
formation. Users shall perform appropriate operations authorized on the platform,
such as strudents can query and browse the information after login, only, while
teacheers can perform any operation. See Fig. 7 for user login interface on the client.
After opening the system client software, input the user name and password, user will
enter the main interface with the corresponding access right, and also register as a
new user.

Fig. 6. System technology framework diagram
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= User login

Welcome to login

Password: »

Computer graphics aided teaching platform

Cellular Automata Graphical Generation Model

Fractal graphics generation model

Fig. 8. System main interface

Main interface of system: After successful login, user enters the main interface of
the system, as shown in Fig. 8, the Computer Graphic, an auxiliary instruction plat-
form, includes three modules, of which the CAI platform is a classroom instruction
module and the other two are an extra-curricular instruction modules. Users can click

the button as needed, also click the Exit button to exit the system.

CAI master interface: As shown Fig. 9, the master interface of CAI provides three
major functions, I.e. courseware, integrableware and system managements. By click-
ing the corresponding button, the next dialog box can be popped up which allows

users to perform relevant operations.
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Welcome to the use of computer graphics aided teaching platform

Fig. 9. Platform master interface

Courseware management module: Click the Courseware Management button on
the toolbar of the master interface, users can enter the appropriate module. The mod-
ule includes three parts: New courseware, Show courseware and Retrieve courseware.
Here we take the module new courseware as example. Click New courseware button,
a dialog box is popped up, as shown in Fig. 10. Users follow the tips and input the
relevant information, and then click Next step, enter the option of integrablewares
dialog box, as shown in Fig. 11. Users press >> or << button to add or delete the re-
quired resources in the list of integral library, while the module also supports to
browse the effect of integrablewares.

New Course Wizard - courseware basic information input @

New courseware

Courseware name:
Author:

Knowledge point:

Chapter located: | ‘

The section: | \

-

] Next s;p ] ‘ r Canceﬁ

Fig. 10. New Courseware dialog box

\
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Fig. 11. Integrableware selection dialog

Integrableware management module: Foreground client mainly implements the in-
tegrableware retrieval, and for the sake of system security, the integrableware down-
loading and uploading functions are not allowed in the forground, but in the back-
ground. The integrableware includes five types of materials, such as graphics, texts
and audios, and etc., in different formats as the system requires. In order to make the
system beautiful and convenient, this paper incorporates the integrableware and
courseware retrievals on one interface. After users input the key words, there are two
options of Fuzzy query and Exact query for users to check, so that appropriate result
can be retrieved. The integrableware retrieval interface is shown in Fig. 12.

£ Computer graphics aided teaching platform

Ce Product System Exit

B o

Courseware | | ]
(e | Produgt |

®Fuzzy query | Determine

Obactquery | Emptied |

Integrableware name Select the type of plm[ |v ‘ Kn%!ﬁgse‘ |

Fig. 12. Integrableware search interface
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3.2.3 Implementation of Server-side DB management function

Data involved in the system will be stored in the server-side database. The server
is the premise and guarantee for completing other operations. Main function of the
system server is to manage and maintain the integrableware library.

Increase integrableware: As shown in Fig. 13, it is the interface for the Increase in-
tegrableware, where users can choose the Browse button to view the existing integra-
bleware in the local when the dialog box prompts. The system automatically reads the
relevant information such as the size, the name of the integrableware. After complet-
ing the information required to be filled, click OK button to complete the new pieces.

l New Integrableware dialog 1

Increase Integrableware

Integrgg'leoevta re I Browse I

Integrableware
name

'"‘e“'t'\a;';’»lfw"e Text class ‘vJ
Integrableware
Eheme

Integrableware
sglze bytes

Remarks

| Determine l | Cancel l

Fig. 13. Integrableware new interface

Integrableware and courseware maintenance: The integrableware and courseware
maintenance is to just modify data as required or delete unwanted data. Its interface
functions are similar to that of Increase integrableware and courseware, and not re-
peated here.

4 Conclusion

It is an inevitable trend that the rapid development of information and network
technologies will make computer-assisted instruction the focus of people’s concern in
the future. This paper draws the following conclusions after consulting a large number
of references both at home and abroad and conducting an investigation on the com-
puter-assisted instruction:

1. By analyzing the development of computer-assisted instruction at home and
abroad, it turns out that there are some gaps in the computer-assisted instruction
system such as poor universability and disengagement between educational theory,
teaching content and reality.
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2. In order to address the existing problems of computer assisted instruction system,
based on the analysis of constructivism learning theory and integralware idea, a
CAI platform based on constructivism theory is proposed based on the integrable-
ware idea.

3. Taking the Computer Graphics as a study case, we conduct an overall design on
the CAI platform based on the constructivism theory and a detail design and im-
plementation on each module, verify the practical value of the platform. It is
proved that this platform can better fill in the gaps of CAI system, greatly acceler-
ate the development of CAI technology.
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