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Abstract

On the basis of concept, characteristics and related work of collaborative learning,
this paper proposes an intelligent web collaborative learning system prototype based on
multi-agent technology. At first, the paper introduces a collaborative learning framework
which supporting group learning and illustrates the whole learning process. Secondly, the
paper presents some key issues to implementation of the virtual learning environment,
such as intelligent grouping, automatic question answering, knowledge management, and
opinion mining. Preliminary learning practice shows that it is a practical and efficient
way.
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1. Introduction

The rapid progress in Information and Communication Technology (ICT) brings
significant influences as well as a lot of new opportunities in higher education systems.
As a new means to provide educational contents to students anytime and anywhere,
distance education system is studied from all aspects in [I-3].

Collaborative learning is a learning method that uses social interaction as a means of
knowledge building. This concept has been around a long time. It is a student-centered
approach that requires students working together to accomplish shared learning goal and
to maximize their own and their group members’ achievements. This approach matches
with the philosophy of contemporary perspectives on learning and teaching aiming to
promote higher achievement, more positive interpersonal relationships and greater
psychological health, resulting in graduates being cooperative, caring, reflective, critical
and creative [4].

The typical characteristics of collaborative learning are listed briefly as follows [5]:

Shared knowledge between teachers and students.
Shared authority between teachers and students.
Teachers as mediators.

Heterogeneous groupings of students.

On the basis of the experiences from our series web-based course, Introduction to
Acrtificial Intelligence in these years, this paper presents an intelligent web collaborative
learning system. In this virtual environment, the paper studies overall architecture, the key
technologies and implementations.
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The remaining of the paper is structured as follows: in Section 2 the state of the art in
this research field are stated. The system design and implementations of intelligent web
collaborative learning system are introduced in Section 3, and the last section summarizes
the paper’s work and draws some conclusions.

2. Related Work

C. Ramstein, who is considered one of the first researcher in this field, presents his
solution in Coopdraw [6-7]. Guizzardi et al. investigate the relationship between teachers
and students in an environment where everyone can teach and learn. They take an agent-
based perspective on system architecture, where agents play a crucial role in supporting
the effectiveness, flexibility and personalization of the whole process. Following, we
apply an agent-oriented modeling approach illustrated with the means of AORML, which
proved to be very efficient [8]. Mustapha considers the roles of an agent in an educational
environment to be the following: to monitor, control and catalyze the social knowledge
building among the community of learning [9]. According to Aroyo and Kommers, agents
can influence different aspects in educational systems. They supply new educational
paradigms, support theories and can be very helpful both for learners and for teachers in
the task of computer-aided learning [10]. Khaing Moe San et al. use mobile agent as a
personal agents to assist the students and the human tutor. An artificial tutor agent
partially tries to replace the human during student interaction [11]. Thibault Carron et al.
split the teacher's observation activity into multiple sub-processes, each of them aiming at
observing (waiting for) a special event. Due to the large number of sub-processes and the
fact that they occur on several computers, the necessity to delegate and automate part of
this observation process leads us to consider an agent approach. An agent approach offers
enough flexibility to choose when and what to observe through a collector agent, to
change the abstraction level of the traces collected via a structuring agent and possibly to
observe the result from different views thanks to a visualization agent. This combination
of three specialized agents may be represented solely as an “observer agent” [12].

In China, there also exist many researchers in this field in recent years. G.-H. Li and
H.-Y. Wang propose an agent-oriented collaborative learning architecture and consider
teaching process control and learners’ interaction [13]. L. Gao et al. propose an agent-
based intelligent collaborative learning supporting system model-ICLS-agent to slove
collaborative learning evaluation, question & answer efficiency and knowledge
management [14]. F. Yin and J.-M. Zhang presents a model of layered multi-agent
learning system based on knowledge level of learners. The model gave a better solution to
some general problems existing in the learning system, such as out-of-order or disorder,
population interaction effect, personality, costs of communication [15]. K.-R. Lai and C.-
H. Lan present an assessment agent that models collaborative learning as multi-issue
agent negotiation using fuzzy constraints for peer assessment. The proposed method
aggregates student marks to avoid the subjective judgments and unfair assessments.
Experimental results indicated that students and instructors generally acknowledged the
peer assessment as a valuable process for enhancing student critical thinking skills and
improving learning performance [16].

Since 2007, more related works are proposed in this field [17-23]. Chung Hsien Lan
and etc.. adopt the specific assessment issues that include Creativity, Completeness,
Execution, and Security, and extend the assessment agent by considering the effect of
learning styles [18]. In order to provide a way to interoperate knowledge among the
heterogeneous systems, Elisa Boff details the Social Agent, an agent to improve student’s
learning stimulating his interaction with other students, specially how this agent exchange
bayesian knowledge among AMPLIA agents [19]. [17, 20, 22, 23] present multi-agent
approaches to collaborative learning system from respective ways. In [21], Dirk Frosch-
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Wilke and etc.. propose and discuss the application of a Petri Net-based reflective
framework to change cooperative learning processes during execution.

3. System Design and Implementations

3.1. System Structure Design

In our system, a collaborative learning framework which supporting group learning is
shown in Figure 1.
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Figure 1. System Operation Flow Chart

From Figure 1, we can see the whole learning process: The system checks the student’s
learning styles and ability when he (or she) firstly login; divides the students into groups
on the basis of students’ learning styles and ability when they choose course; after the
grouping, the teacher agent shows the overall goal of the course firstly, then guide the
students to study according to students’ learning styles and the teaching strategy in the
knowledge base; once a student encounters with problems during his(or her) study (no
matter the problem about collaborative learning skills or about the content of the courses),
he (or she) can ask the teacher agent for help, and the teacher agent can also let the
mission action agent query relevant resolving to help the students solve problems
initiatively by monitor the students’ problems in the collaborative learning; during the
collaborative learning, the teammates discuss in a group, some students may be not active,
the teacher agent can detect these problems and urge the students’ intercommunion. In the
whole process of the collaborative learning, teacher agent can serve the students actively.
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To facilitate the processes mentioned above, teacher agent is designed as an e-tutor to
do some work for the teacher. The teacher agent can work on the web server, and its
functions are to answer the students’ questions online, to monitor the communications
among the students, to evaluate the efficiency of the group learning, etc.. On the other
hand, student agent and student’s information database are designed for every student,
which will be created when a student finishes registration. The student information
database includes student’s basic information like name and age, and personality
information like learning style and ability, and course grade, behaviors records on the
internet, etc.. According to this personal information, the student agent can arrange proper
learning plan and assist the student to make some modifications for the study.

3.2. Intelligent Grouping

Grouping is an important thing. The quality of the grouping will influence the students’
learning quality straightly. Firstly, grouping strategy should be dynamic and flexible. In
different periods of collaborative learning, different grouping strategies should be taken
into consideration according to different learning tasks and learning requests. Secondly,
from the viewpoint of learning sustainability, it is not appropriate to change teammates
frequently.

We can use many strategies to divide students into groups, by the grade, or by the
interest, or by the learning styles. For example, in instructive design with the same task, a
heterogeneous group will be adopted so as that there exist difference in teammates’
gender, score and skill.

The paper uses a grouping method of cluster analysis. In this method, those learners
with similar score and skill will be classified into a cluster. After this, several clusters will
be obtained. If teammates are chosen from these different clusters, the final collaborative
learning groups will come into being. The advantage of the grouping method is of
“heterogeneous in group, homogeneous among groups”.

In this paper, parameters including four learning styles and score are taken into
consideration for grouping. Here, learning styles consists of knowledge acquisition and
etc., which can be obtained from Solomon Learning Style Test in course of learners’
registration. From this, the paper presents 10 samples shown in Table 1.

Table 1. Samples with 5 Indexes (4 Learning Styles and 1 Score)

Name Stylel Style2 Style3 Style4 Score

S1 3 5 -1 -3 85
S2 5 -3 1 -3 68
S3 -3 7 1 3 74
S4 5 -5 -3 -5 59
S5 -1 3 -5 3 40
S6 3 -1 3 -1 82
S7 -5 3 -1 7 39
S8 1 -5 3 5 74
S9 -7 -7 -5 -3 95
S10 5 9 -7 1 77

Because the data formats of above table are different, they cannot be clustered directly.
A standardization step like

A ®
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should be done before cluster analysis.

In equation (1), Z stands for normal score, X is original score of a certain learner, X is
average score (for each index) of all learners, © is standard deviation. After this
transform, average value in each column is O, square variance is 1, which become
comparable data.

After data standardization, Euclid distance can be obtained through

dy = 1[20 K =%y 2)

Here, the paper uses centrobaric approach like to calculate distance among clusters.
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Of course, the grouping strategies are not unchangeable. We can use different grouping
strategies in different courses. Furthermore we can use different grouping strategies in
different phases of the same course. If the student disagree the grouping arrangement, the
teacher agent can make respective modification.

3.3. Automatic Question Answering

Question Answering is a hot research field in National Language Processing, which
includes many kinds of NLP (Natural Language Processing) technology. Question-
answering module is an important one of the system.

The QA module mainly consists of three parts: question, information retrieval and
answer extraction. The automatic question answering module can be used to reduce the
workload of teachers and improve the learning efficiency of students. When a user asks
other agent some questions, the agent will search for answers from its own knowledge
base according question and keywords, then it will return the answers. If the agent cannot
answer the question, then the question can be submitted on line (Google or Baidu). The
guestion should be solved by himself and put it into personal knowledge base. The whole
module is shown in Figure 2.

3.4. Knowledge Management

Knowledge management consists of knowledge acquisition, processing, storage and
retrieval. The goal of knowledge acquisition is to change hidden knowledge (e.g. personal
knowledge and skill) into dominant knowledge (data in knowledge base). In this system,
knowledge is mainly obtained from two ways: interaction between learners or learner’s
individual experience. Knowledge processing means to remove invalid data using some
filtering criteria like keywords and semantic words, then to store in knowledge base
according to certain classifying criteria like knowledge theme, content, time and source,
and then to modify knowledge according to certain triggering condition (e.g. once
collaborative learning finished). Knowledge query means to receive request from learner
and to fulfill query task.

To reflect dynamic characteristics of knowledge, especially from learner’s answer, an
upgrading strategy as follows is used:

[
|
kCnﬂ:JkC"Xn (4)
|
|
{
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Here KC is Knowledge Credibility, which is a function of using times and user’s
remarks. And n means using time, initial kc0=0, kcn is a value falling into [-1, 1]. When
a learner uses a knowledge or answer, he is wanted to present his remark. He can choose
good, normal or bad, and the KC to this knowledge will be upgraded according to above
equations respectively.

Inpat «  » Log
¥
| Questan Analvsis l-g—|-| o Sﬂ_m:-n:f
Segmentation
L - .
Information Pattern Match Local
Fetrieval B " Alzarithen Eunowledze

Eaxe

L i

Answer Exrraciion ]-Q—p| Lecal Search

Yes @

Mo

h
| Google Baidu I |

3
gt
Log

[ i

Figure 2. Automatic Question Answering Module of the System
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3.5. Opinion Mining

In different stages of collaborative learning, e.g., team grouping, learning task
assigning, learning task implementation and efficiency assessment, learners can realize
group collaboration and achieve learning goals through online chatting, email and etc.
Numerous ideas exchanging ways will lead to a great deal of valuable information. As to
these information materials, traditional information extraction (IE) methods and
information retrieval (IR) methods cannot provide good solution.

The system is trying to do coarse-/fine-granularity opinion mining using hot techniques
in natural language processing (NLP) field, opinion extraction and sentiment
classification. In detail, the system analyzes sentiment orientation (positive /neutral
/negative) in various interactive web pages. Then the system extracts concrete objects and
aspects from sentence- or phrase-level. So the system can implement scalable mining
tasks.

4. Conclusion

The goal of the research presented in this paper is to develop a simple and practical
system to assist students in the collaborative learning process at any time of their
convenience.

To facilitate distance learning, on the basis of concept, characteristics and related work
of collaborative learning, this paper proposes a practical and efficient way based on
multiagent technology. At first, the paper introduces a collaborative learning framework
which supporting group learning and illustrates the whole learning process. Secondly, the
paper presents some key issues to implementation of the virtual learning environment,
such as intelligent grouping, automatic question answering, knowledge management and
opinion mining. Our educational practice verifies the validity of the system. However, we
still need do further work to improve this system. For example, we should use more
precise agents to fulfill special task. Opinion mining is a hard task, and we should spend
more time on it in our future work.
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On the other hand, it would be a mistake to conclude that current and forthcoming
developments can make intelligent collaborative learning system to replace human
teachers. Given the fact that learning is a complex cognitive activity, learners cannot rely
solely on machines when capturing and mastering knowledge of a certain domain. Agents
are useful tools in the sense that in many cases improve the learning effectiveness.

Acknowledgments

This work was supported in part by the Graduates’ Course Development Program of
Shijiazhuang Tiedao University.

References

[1] B. F. Hunger, A. Werner, S. Meila and S. Schuetz, “An intelligent tutor-agent to support collaborative
learning within a virtual environment”, IEEE International Conference on Systems, Man and
Cybernetics, (2004).

[2] R.Hazemi, S. Hailes and S. Wilbur, “The digital university: reinventing the academy”, Springer-Verlag,
LK, (1998).

[3] G. Fischer and E. Scharff, “Learning technologies in support of self-directed learning”, Journal of
Interactive Media in Education, vol. 4, (1998).

[4] Y. Jia, “Building a Web-Based Collaborative Learning Environment”, IEEE ITHET (In-formation
Technology Based Higher Education and Training) 6th Annual International Conference, Juan Dolio,
Dominican Republic, July 7-9, (2005).

[5] T.S. Roberts. “Online Collaborative Learning: Theory and Practice”, Idea Group Publishing, (2004).

[6] B. F. Marin, A. Hunger, S. Werner, S. Meila and C. Schuetz, “An intelligent tutor-agent to support
collaborative learning within a virtual environment”, 2004 IEEE International Conference on Systems,
Man and Cybernetics, vol. 6, October 10-13, (2004), pp. 5509 - 5514.

[7] C. Ramstein. “COOPDRAW a Multi-Agent Architecture for a Shared Graphical editor”, Proceedings of
the 1993 Conference of the Centre for Advanced Studies on Collaborative Research Distributed
Computing - vol. 2, October (1993).

[8] R. S. S. Guizzardi, G. Wagner and L. Aroyo, “Agent-oriented modeling for collaborative learning
environments: a peer-to-peer helpdesk case study”, XIII Brazilian Symposium on Computers in
Education, November (2002).

[9] S. M. F. D. S. Mustapha, “Agent mediated for intelligent conversational channel for social knowledge-
building in educational environment”, Proceedings of the Fifth International Conference on Information
Technology Based Higher Education and Training, 2004. 31 May-2 June (2004), pp. 533 — 538.

[10] L. Aroyo and P. Kommers, “Preface - intelligent agents for educational computer-aided systems”,
Journal of Interactive Learning Research, vol. 10, no.3/4, (1999), pp. 235-242.

[11] K. M. San, H. A. Thant, S. S. Aung, K. M. L. Tun, T. T. Naing and N. L. Thein. “Mobile Agent Based
Collaborative Learning System”, 2005 Proceedings. 6th Asia-Pacific Symposium on Information and
Telecommunication Technologies, November 09-10, (2005), pp. 83 — 88.

[12] T. Carron, J.-C. Marty, J.-M. Heraud and L. France, “Helping the Teacher to Re-Organize Tasks in a
Collaborative Learning Activity: An Agent-Based Approach”, Sixth International Conference on
Advanced Learning Technologies, July 05-07, (2006), pp. 552 — 554.

[13] G.-H. Li and H.-Y. Wang, “Realization of an Internet Cooperative Learning Environment Based on the
Agent-oriented Technology”, Microcomputer Applications, vol. 20, no. 3, (2004), pp. 43-45.

[14] L. Gao, Q.-S. Hu, Z. Wang and P. Gao, “Research on CSCL Instruction System based on Multi-agent”,
Microelectronics and computer, vol. 21, no. 12, (2004), 179-183.

[15] F. Yin and J.-M. Zhang, “Collaborative learning system based on multi-agent technology”, Computer
Engineering and Design, vol. 26, no. 10, (2005), pp. 2802-2804, 2807.

[16] K.-R. Lai and C.-H. Lan, “Applying an Assessment Agent to Evaluate the Learning Effectiveness”,
Lecture Notes in Computer Science, vol. 4053, (2006), pp. 747-749.

[17] Z. Wang and J. Ming, “A Web Collaborative Learning System Based on Multi-agent”, in Proceedings of
Third International Conference on Natural Computation, 2007(ICNC2007), Haikou, P.R. China, vol. 5,
August 24-27, (2007), pp. 305-309.

[18] C. H. Lan, Graf S., Lai K. R. and Kinshuk, “Effect of Learning Styles on Peer Assessment in an Agent-
based Collaborative Learning Environment”, Seventh IEEE International Conference on Advanced
Learning Technologies, 2007(ICALT 2007), July 18-20, (2007), pp. 421 — 423.

[19] Boff E., Santos E. R., Fagundes M. S. and Vicari R. M., “Interoperable Bayesian Agents for
Collaborative Learning”, Seventh IEEE International Conference on Advanced Learning Technologies,
2007(ICALT 2007), July 18-20, (2007), pp. 530 — 532.

Copyright © 2015 SERSC 411



International Journal of Multimedia and Ubiquitous Engineering
Vol.10, No.12 (2015)

[20]

[21]

[22]

[23]

Y. Wang, F. Zhang, L. Chen, G. Hu and S. Jiang, “A Collaborative Learning System Based on Multi-
agent”, International Conference on Advanced Language Processing and Web Information Technology,
2008(ALPIT '08), July 23-25, (2008), pp. 353 — 357.

Frosch-W. D., Sanchez-A. S. and Dodero J. M., “Evolutionary Design of Collaborative Learning
Processes through Reflective Petri Nets”, Eighth IEEE International Conference on Advanced Learning
Technologies, 2008(ICALT '08), July 1-5, (2008), pp. 423 — 427.

dos Santos A. L. S., Labidi S. and Abdelouahab Z., “Information Filtering for a Collaborative Learning
Environment: A Multiagent Approach”, Third International Conference on Internet and Web
Applications and Services, 2008(ICIW '08), June 8-13, (2008), pp. 43 — 48.

G. Shang, Z. Zaiyue, Z. Xiaoru and C. Cungen, “Agent-based On-line Collaborative Learning
Environment”, Workshop on Intelligent Information Technology Application, December 2-3, (2007),
pp. 243 — 246.

Authors

Yanhui Xia, received her MSc. degree of Management Science
and engineering in the School of Information Technology, Jiangxi
University of Finance and Economics in 2009. She completed her
BSc. degree in Thermal Engineering, and the second BSc. in
International Trade from the China University of Mining and
Technology respectively in 1997, 2001. She worked for Jizhong
| Energy Group as an assistant engineer from 1997 to 1999, for Micro

— Commercial Components (Suzhou) as an engineer from 2001 to 2002,
for Passavant Geiger (Hangzhou) as an assistant general manager
from 2002 to 2004. She has an extensive research experience in
information fusion and decision, visual information processing,
engineering management, information management and information
system, and E-commerce.

Zhengyou Wang, received BSc., MSc. in Mechanical Engineering
and PhD in Power Electronics and Power Drives from the China
University of Mining and Technology respectively in 1994, 1997,
2002. He joined the Zhejiang University as a postdoctor in 2002.
From 2004-2010, he was affiliated with the School of Information
Technology, Jiangxi University of Finance and Economics. He is
currently a professor in the School of Information Science and
Technology, Shijiazhuang Tiedao University. He has published more
than 80 scientific papers. His research interests include image/video
processing and quality assessment, artificial intelligence and
information fusion and so on.

Yi Li, received a Bachelor's degree in Computer Science and
Technology from School of Sifang, Shijiazhuang Tiedao University,
Shijiazhuang, China, in 2007. Now, she is a master graduate in
Educational Technology in Shijiazhuang Tiedao University. Her
research interest is intelligent teaching system.

412

Jinfeng Hu, received a Bachelor's degree in Educational
Technology from the Wanjiang College, Anhui Normal University,
Wuhu, China, in 2011. Now, She is a master graduate in Educational
Technology in Shijiazhuang Tiedao University. Her research interest
is intelligent teaching system.

Copyright © 2015 SERSC



