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Abstract: Human immune system is as important in keeping the body healthy as the brain in supporting the intelligence.
However, the traditional models of the human immune system are built on the mathematics equations, which are not easy
for students to understand. To help the students to understand the immune systems, a web-based e-learning approach
with virtual lab is designed for the intelligent system control course by using new intelligent educational technology.
Comparing the traditional graduate educational model within the classroom, the web-based e-learning with the virtual lab
shows the higher inspiration in guiding the graduate students to think independently and innovatively, as the students
said. It has been found that this web-based immune e-learning system with the online virtual lab is useful for teaching the
graduate students to understand the immune systems in an easier way and design their simulations more creatively and
cooperatively. The teaching practice shows that the optimum web-based e-learning system can be used to increase the

learning effectiveness of the students.
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INTRODUCTION

Human immune systems are crucial for the health of
everyone, and these systems make us survive from the
diseases and disasters. Inspired from the human immune
systems, the artificial immune system is used to protect
the computers and networks, and the artificial immune
system is a new subset of intelligent systems. To help
students, scientists and doctors to understand the human-
artificial immune system, the course intelligent system
control (ISC) in Donghua University is used as the
testoed for new modeling and teaching approach of
computational immunology. This course is of plentiful
abstract knowledge and generally difficult to understand
for the students (Gong and Cai, 2006), so this course is
difficult to teach with some traditional teaching
approaches. For example, the mathematical model for the
process of aggregation in immune agglutination is built on
the three differential equations (Ming et al., 1965). This
model is difficult for the students to understand, because
it has no any visual simulation.

Besides, traditional teaching approaches did not provide
enough examples to aid students in understanding the
knowledge about the immune systems and design their
own simulation programs of the immune systems. Then
for the students this course became unpractical to
understand the real immune systems.

To make this course easier to teach and learn, we develop
an immune e-learning model with the virtual lab for this
course, and then build a web-based immune e-learning
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system of this course. This new modeling and teaching
approach is useful to help the students to understand the
immune system and the relative pharmacology better.

In this paper, the case teaching, the e-learning, the online
virtual lab and the immune computation are used to
improve the teaching effectiveness of this course in
universities. With the immune e-learning model and the
virtual lab, this web-based immune e-learning system is
becoming an advanced artificial immune system and
educational system.

In the field of the artificial immune systems, Balthrop and
Forrest et al. discussed the harmful spread of viruses and
investigated immune computation techniques (Balthrop et
al., 2004). Bersini designed some immune algorithms to
solve problems in the adaptive network (Bersini and
Varela, 1991). Ishida used artificial immune system to
solve the fault diagnosis problem of sensor network
(Ishida, 1990).

Inspired from the human immune system, the immune
computation mechanism makes the web-based e-learning
system for this course robust, like a strong man with
vaccines.

Web-based immune e-learning model with virtual lab of
the course about immune systems

According to the main features of graduate students, the
graduate student model is utilized to establish the web-
based immune e-learning model. This immune e-learning
model consists of the graduate student module based on
the graduate student model, the professor module, the
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administrator module and the common module, as shown
in fig. 1. The tri-role structure includes the graduate
student module, the professor module and the
administrator module, and the three modules are
respectively used by the graduate students, the professors
and the administrators. In fig. 1, the graduate student
model of this graduate student module is comprised of
important knowledge about the immune systems and the
learning skills for the students.

In fig. 1, the theoretic knowledge is the basic part of one
graduate student” knowledge structure, and some
traditional classroom- based teaching methods can also
provide this kind of knowledge to the students. But the

Tri-role strectoae

traditional teaching methods cannot provide a virtual
platform to show how the students can design some
hardware or software to verify the theoretic knowledge
about the immune systems. So the creative thinking of the
students cannot be activated and trained. Because there is
no online experiment in the classroom, there is also no
failure in the experiment for the graduate students. Then
the graduate students cannot know how to face with the
difficulty and failure in the experiments by adjusting their
attitudes. It is important that this immune e-learning
system can do this, with online visual experiments. The
graduate students can do the designs by themselves to
show their creative thinking and accumulate the
experience about the methodology and the attitude
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Fig. 1: Web-based immune e-learning model of the graduate students for this course.
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Fig. 2: Virtual lab model of this intelligent system control course for the graduate students.

730

Pak. J. Pharm. Sci., Vol.27, No.3(Supp.), May 2014, pp.729-734




adjustment. After this web-based immune e-learning
system is attacked by some viruses or has some software
faults, its immune computing module will be activated
and communicate with the cloud center of immune
computing. This web-based immune e-learning system is
an intelligent immune baby swimming in the knowledge
sea.
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Fig. 3: First web page of this course.

The virtual lab module is a crucial part of the common
module to activate the creative thinking of the graduate
students. This virtual lab module is used as a web-based
simulation platform to provide many online simulations
of the immune systems, and the virtual lab can guide the
graduate students to understand the immune systems
better. The virtual lab model is comprised of the Java-
Applet-based online simulation programs, the external
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online experiment links, the virtual teaching assistant, the
online exercise system, the guiding feedback module, and
the communication interface, as shown in fig. 2. The
online simulation programs are designed as an inspiring
demo for the graduate students to aid the understanding of
the abstract knowledge nodes about the immune systems.
The communication interface is a bridge between the
virtual lab module and the communication module to
connect the virtual lab and the graduate students together.
The online exercise system is utilized to test the learning
progresses of the graduate students after each chapter.
The guiding feedback module is designed to adaptively
guide the graduate students to learn new knowledge
according to their own learning progresses. The virtual
teaching assistant is the humanoid interface between the
web-based immune e-learning system and the graduate
students. This virtual teaching assistant has the humanoid
appearance like an immune baby to let the graduate
students feel it as a friend, who has much guiding
information. Such information is used by students to learn
new immunological knowledge as they need.

Teaching practice and experimental validation

The intelligent system control course is related with
knowledge representation and reasoning, optimal search,
expert system, immunology and immune computation,
fuzzy control, genetic algorithm, neural network, machine
learning and so on. The immune system webpage of this
online course is started from the first, as shown in fig. 3.

G@ hitpi//autodept dhu.educ8080/en 0 - & X H@ Knowledge Node

Navigator of intelligent system control course 2 %
the sensing reactive control system.

1.1.1 Symbolicism

Chapter 1 Representation Searching and Reasoning of Knowledge
Nowadays. the main streams of artificial mtelligence research include the following three ones:

(1) Symbolicism is also called logicism , psychologism or computerism. This stream is based on the
physical symbol system. i e. symbol operation system.

{2) Connectionism is also called bionicsism or physiologism. This stream is based on the neural
networks and the connection mechanism and learning algorithms among the neural networks.

(3) Actionism is also called evolutionism or cyberneticsism. This stream is based on cvbernetics and

" 1.1 Three streams of artificial intelligence

m

Lei Yao,
welcome you!

The symbolicism stream thinks that the artificial intelligence origined from mathematical logic. The
mathematical logic developed from the end of the 19th century, and was used to describe the intelligent
behaviors from the 1930s.

After the computer was invented, the logical deductive system was implemented on the computer.
The typical fruit was the heuristic program "Logic Theorist (LT)". which proved 38 mathematic theorems.

% 100%

Fig. 4: Knowledge node web page of the knowledge representation and reasoning in this course.
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Fig. 5: Knowledge node of the innate immune system in this course.
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1.4 Expert system Lei Yao,

vou have browsed 4/4
Expert system has been applied popularly. and this field needs high-dependable fast decision and knowledge nodes of
other different functions. chapter 1.
Congratulations! ¥You
These functions include explanation, prediction. analysis. diagnosis. debugging, designing. planning.  can continue to chapter
control, monitoring, and decision etc. 2 atits first knowledge

node now.

Expert control system is a control system based on the expert system, and also a typical popular
control system based on knowledge.

Navigator of intelligent system control course X
Hayes-Roth et al. proposed the expert control system in 1983, and the first report about the

application of the expert control system, which was a distributed real-time process control system for
refining, was published in 1984

| Courseidexpage
_ K. J. Astrom et al published their paper entitled "Expert control” in 1986.
[ Chiapter s Detection andleaming or IS 1.4.1 Concepts of expert system

Expert: the persons who are good at solving special problems. Their techniques are based on their
rich experience and special knowledge to solve the problems.

Up to now. the expert system has no uniform definition. The forerunner Feigenbaum defined the

®100% -

Fig. 6: Intelligent teaching assistant about the innate immune systems in this course.

After the user is granted to use the online course system, as shown in fig. 5. As we can see in these figs, the left is
this user can learn the knowledge node web page of the  the navigator of this intelligent system control course.
knowledge representation and reasoning, as shown in fig. Each chapter has some sessions and each session has at
4 and the knowledge node of the innate immune system, least one knowledge node.
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Chapter 1 Representation Searching and Reasoning of Knowledge

l Intelligent Teaching Assistant

Lei Yao,
any question?

Nowadays, the main streams of artificial intelligence research inchude the following three ones:

(1) Symbolicism is also called logicism , psychologism or computerism. This stream is based on the

physical symbol system, i e. symbol operation system.

Fig. 7: Discussing pattern of this intelligent teaching assistant.
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Fig. 8: Virtual lab of this course.

In fig. 5, the known virus No. 1 attacks the body, which
has the corresponding antibody to this virus. The body is
immune against this virus and can recognize this virus
quickly to eliminate this virus as soon as possible. At the
same time, the cell 5 has gene pathology, and the gene
pathology is unpredictable. In the stage of the innate
immune response, the self/nonself detection mechanism is
used to discriminate the selfs and the possible nonselfs.

Cell 4 represents the normal cell, and the cell is a self.
The antibodies Abl and Ab2 are produced by the B-cell 8
and this B-cell 8 is activated and suppressed by the cell-T.

When the student browses a web page of the knowledge
node, the filename of this page will be added into the

S

learning history of this student. After this student arrives
at the end of a chapter, the intelligent teaching assistant,
as shown in fig. 6, will show the learning progress of this
student in the chapter. This intelligent teaching assistant
has a cartoon shape of robot and can discuss with students
and teachers. After the user moves the mouse onto this
intelligent teaching assistant, this robot will use the
discussing pattern, as shown in fig. 7.

The online discussing function is supported by such
online messaging software as QQ, which is the popular
web communication tool for many users in China (Lau et
al., 2009). The intelligent system control course not only
has the intelligent teaching assistant, but also has an
online virtual lab, as shown in fig. 8.
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In this virtual lab, there are six experiments, which can
help the graduate students to better understand the
knowledge representation, problem-solving, algorithm
design and system debugging (Juang and Lu, 2006). The
right windows show some typical examples of virtual
experiments, such as the Hanoi Towers demo and the
fuzzy control demo.

CONCLUSIONS

The intelligent system control course is necessary and
helpful for graduate students, whose majors are related
with the immune systems. It took about one year to
develop this web-based immune e-learning system with
online virtual lab. In this course, many graduate students
have used this course system. At the end of this course,
this course system was assessed excellent by the graduate
students of Donghua University. These new immune
models and teaching approaches can be used in many
universities in the world to improve the understanding of
the immune systems. This course system also provided
testing platform for intelligent techniques, so the graduate
students can use this platform to share experience and
knowledge in this field. As the students said, the
advanced functions of immunity and security can be
improved by both the teachers and the students.

From this course system of intelligent system control, we
know that the web immune e-learning system based on
the virtual lab is important and necessary for the
educational web. First of all, the immune e-learning
model and the virtual lab model should be built on some
educational rules. Then, some educational experiments
can be made in the campus network with the help of the
graduate students. At last, the prototype of this immune e-
learning system has already been verified to outperform
the traditional teaching methods that are effective only in
the classroom.

ACKNOWLEDGEMENTS

This work was supported by the grants from the National
Natural Science Foundation of China (61271114),
Shanghai Natural Science Foundation (08ZR1400400,
11ZR1401300, 13ZR1400200), Undergraduate Education
Key Reform Project of Shanghai  University
(X12071306), Shanghai Creative Education Plan for
Postgraduate (SHGS-KC-2012003), Shanghai Chenguang
Scholar (2007CG42) of Educational Development
Foundation and the Fundamental Research Funds for the
Central Universities at Donghua Univ. (14D110402).

REFERENCES
Balthrop J, Forrest S and Newman MEJ et al (2004).

Technological networks and the spread of computer
viruses. Science, 304: 527-529.

Bersini H and Varela F (1991). Hints for adaptive
problem solving gleaned from immune network.
Lecture Notes in Computer Science, 496: 343-354.

Gong T and Cai Z X (2006). An immune agent for web-
based Al course. Int. J. on E-Learning, 5(4): 493-506.

Ishida Y (1990). Fully distributed diagnosis by PDP
learning algorithm: Towards immune network PDP
model. Proc. of IJCNN, 90: 777-782.

Juang C F and Lu C F (2006). Load- frequency control by
hybrid evolutionary fuzzy PI controller.lEE Proc. of
Generation, Transmission & Distribution, 153: 196-
204.

Lau RYK, Song DW and Li YF et al (2009). Toward a
fuzzy domain ontology extraction method for adaptive
e-Learning. IEEE T. Knowl. Data En., 21(6): 800-813.

Ming T K, Goodman H S and Brown B (1965).
Mathematical model for the process of aggregation in
immune agglutination. Nature, 208(5005): 84-85.

734

Pak. J. Pharm. Sci., Vol.27, No.3(Supp.), May 2014, pp.729-734



