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[11] Gwo-Jen Hwang > “Knowledge elicitation and integration from multiple experts” > Journal of
Information Science and Engineering > Vol. 10 - 1994.

[12] Gwo-Jen Hwang > Judy C.R.Tseng > Chih- Hsang Wu > Chung-Ming Lee and Gwo-Haur



Hwang (2004) -

China > July 8-11 >

“Development of an Intelligent Management System for Monitoring Educational
Web Servers” »  The Eighth Pacific-Asia Confer- ence on Information Systems - Shanghai -
2004.

1986.
[15] B.R.Gaines »

[13] B.R.Gainesand M.L.G. Shaw > ” New direc -tion in the analysis and interactive elicitation of
[14] B.R.Gainesand M.L.G. Shaw > ” Induction of inference rules for expert system » ”* Fuzzy Sets and

personal construct system » > International Journal of Man Machine Sudies» Vol.13 »
Systems > No.18 »

1980.
“An overview of knowledge- acquisition method which captures and transfer »
International Journal of Man Machine Sudies> Vol.26 -

1987.
[16] Y.D. Kimt > “A new branch and bound algorithm for minimizing mean tardiness in two-machine
flow shop » ” Computers and Operations Research »

20> 1993.
[17]Gwo-Jen Hwang and S.S. Tseng> “Eliciting embedded meanings in building expert systems under
uncertainty > > Ninth Annual International Phoenix Conference on Computers and
Communications »  Phoenix > U.S.A » 1990.
[18] G.A. Kelly »

“The Psychology of Personal Constructs” >
[19] PJ.M. Laarhoven and W. Pedrycz »

New York - Norton > 1955.
“A fuzzy extension of satty’s priority theory” >  Fuzzy Sets
and Systems > Vol. 11 > 1983.
[20] M.L.G. Shaw and B.R.Gaines » “KITTEN : Knowledge initiation and transfer tools for experts
and novices > ” International Journal of Man Machine Sudies> Vol.27 > 1987.
[21] M.L.G. Shaw & B.R.Gaines » “Modeling the social practices of users in Internet communities” »
Proceedings of the Seventh International Conference - New York - Springer > 1999.
[22] J. W. Wein » > “Scheduling Semiconductor Wafer Fabrication” > |EEE Transactions on
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[1] Judy C.R. Tseng, Chih-Hsiang Wu (2007/10), “An Expert System Approach to Improving
Sability and Reliability of Web Service”, to appear in Expert Systems With Applications, Vol. 33,
No. 2. (SCI, Impact Factor 1.247)
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Fri, Jun. 29

Is Web 2.0 the Future of the Web?
Bebo White, Sanford University, USA

10:00 AM

Design and Development of Rel OAMS: A Reusable L earning Objects Authoring and Management
10:00AM [Stem . . ;. .
Yin-Leng Theng, Nanyang Technological University, Sngapore; Dian Saputra, Nanyang Technological
University, Sngapore

SAmgl: Automatic Metadata Generation v2.0
10:00 AM | Michael Meire, Katholieke Universiteit Leuven, Belgium; Xavier Ochoa, ESPOL Escuela Superior
Politécnica del Litoral, Ecuador; Erik Duval, Katholieke Universiteit Leuven, Belgium

Designing Presentation Review Environment with Realtime-created Hypervideo of Presentation
Rehearsal

Ryo Okamoto, National University Corporation, Kochi University, Japan; Akihiro Kashihara, The
University of Electro-Communications, Japan

10:30 AM

Darwin's Voyage: Evolution of a Learning Object
George Guba, Empire Sate College, USA; David Wolf, Empire Sate College, USA

10:00 AM

10:30 AM || Summative eAssessments: Piloting acceptability, practicality and effectiveness
* Y04




Christina Keing, The Chinese University of Hong Kong, Hong Kong; Judy Lo, The Chinese University
of Hong Kong, Hong Kong; Paul Lam, The Chinese University of Hong Kong, Hong Kong; Carmel
McNaught, The Chinese University of Hong Kong, Hong Kong

10:00 AM

An Exploratory Study Of The Open Source Software Environment In A Software Engineering Graduate
Course

Xun Ge, University of Oklahoma, USA; Yifel Dong, University of Oklahoma, USA; Kun Huang,
University of Oklahoma, USA

10:30 AM

Developing EFL Students' Hypertext Reading Strategy Awareness

Mohamed Badawi, English Language Department, Tabouk University, Teachers College, Saudi
Arabia; Wafi Albalawi, Computer Science Department, Tabouk University, Teachers College, Saudi
Arabia

10:00 AM

Design-based research and doctoral students. Guidelines for preparing a dissertation proposal
Jan Herrington, University of Wollongong, Australia; Susan McKenney, University of Twente,
Netherlands, Thomas Reeves, University of Georgia, USA; Ron Oliver, Edith Cowan University,
Australia

10:30 AM

Lifecycle Information Management and Utilization in an Authoring by Aggregation Environment
Lasse Lehmann, KOM - TU-Darmstadt, Germany; Christoph Rensing, KOM - TU-Darmstadt,
Germany; Ralf Steinmetz, KOM - TU-Darmstadt, Germany

10:00 AM

A Self-Assessment Tool to Help Learners Develop Teamwork Skills
Mark McMahon, Edith Cowan University, Australia; Joe Luca, Edith Cowan University, Australia;
Christina John, University of Applied Sciences, Kiel, Germany

10:30 AM

Explorations in measuring metacognition: the design of an open source assessment instrument for an

online setting
Barnard Clarkson, ECU, Australia; Mark McMahon, ECU, Australia

10:00 AM

Development of a Ubiquitous Virtual Tutoring Assistant System
Ji-Wel Wu, Yea-Han Tsou, Chuang-Kai Chiou, Judy C.R. Tseng, Department of Computer Science
and Information Engineering, Chung Hua University, Hsinchu, 300, Taiwan, ROC, Taiwan

10:30 AM

E-Langquage Laboratory; Large Scale e-L earning Environment for Japanese Language Education
Kohji Shibano, Tokyo University of Foreign Studies, Japan

10:00 AM

Getting Ahead at University: Using Reusable L earning Objects to Enhance Study Skills
Debbie Holley, London Metropolitan University, UK; John Cook, Carl Smith, Claire Bradley, Richard
Haynes, Centre of Excellence in Teaching and Learning in Reusable Learning Objects, UK

10:30 AM

Developing Language Competence in a Bilingual Story Sharing Forum
Nicolas Hine, University of Dundee, UK

10:00 AM
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Developing and Validating the Intentional Internet Search Behavior scale
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10:00 AM
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10:30 AM

Assessing Professional ePortfolios of Second Language Learners
Elaine Martyn, University of Hong Kong, China

10:00 AM

An adoption model for IT in secondary schools: The teacher perspective
Gabriel Lépez-Morteo, Universidad Autonoma de Baja California, Mexico; Marcos Galaviz-Férman,
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Centro de Investigacion Cientifica y de Educacion Superior de Ensenada, Mexico; Gilberto Lépez,
Centro de Investigacion Cientifica y de Educacion Superior de Ensenada, Mexico; Maria
Andrade-Aréchiga, Universidad de Colima, Mexico

Using Online Simulations to Enhance Preservice Teacher Understanding of Science Concepts
Les Lunce, University of North Texas, USA; Bambi Bailey, Midwestern State University, USA

Taking the Case: An Evaluation of Digital Case Study Libraries
10:00 AM | Yeong-Tay Sun, Virginia Tech, USA; Laurian Vega, Virginia Tech, USA; D. Scott McCrickard, Virginia
Tech, USA

10:30 AM

On the design of interactive visual representations: Fitness of interaction
10:30 AM || Kamran Sedig, University of Western Ontario, Canada; Hai-Ning Liang, University of Western
Ontario, Canada

Active Course Notes within a Group Learning Environment
Alan Rosselet, University of Toronto, Canada

10:00 AM

(Re)organizing reading teacher professional development course content

Timothy Yuen, The Vaughn Gross Center for Reading and Language Arts, USA; Edmund Danyal, The
10:30 AM || Vaughn Gross Center for Reading and Language Arts, USA; Letitia Liamero, The Vaughn Gross Center
for Reading and Language Arts, USA; Arnold Cano, The Vaughn Gross Center for Reading and
Language Arts, USA; Carlos Tovar, The Vaughn Gross Center for Reading and Language Arts, USA

Problem and Solution Oriented Metrics For Web Based Applications
Bala subramanian Bala, RMK Engg College, India

10:00 AM

Starting with Parallel Processing: A multi-representational |earning environment for beginners
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Abstract: Pedagogic scholars think that when a student is stuck on a certain problem while learning,
an instant tutoring assistant is very helpful to promote his’her study. Nevertheless, the teacher is not
always available to answer students’ question immediately. Moreover, it would be too
time-consuming for a teacher to answer students’ questions one by one, especially for a popular
e-course where there are thousands of students and most of the students’ questions are same-alike. In
this paper, a Ubiquitous Virtual Tutoring Assistant System (UVTAS) is developed to provide instant
assistants for students’ learning problems. No matter where a student is, while he/she encounters or
thinks about a learning problem, he/she can obtain immediate solutions via his’her mobile device,
such as a cell-phone or aPDA. UVTAS not only provides a web-interface for mobile learners, it aso
incorporates a SMS-interface of question-answering to support mobile learners while Internet access
isnot available.

Keywords: e-Learning, Ubiquitous Computing, Tutoring Assistant

1. Introduction

The development of network not only facilitates the acquirement of information, but also highlights the value and
feasibility of e-learning. Most of the existing e-learning platforms focus on providing contents and performing
assessments, however, tutoring assistance isless to be considered.

Pedagogic scholars think that when a student is stuck on a certain problem while learning, an instant tutoring
assistant is very helpful to promote his/her study. Nevertheless, the teacher is not always available to answer students’
guestion immediately. Moreover, it would be too time-consuming for a teacher to answer students’ questions one by one
especially for a popular e-course where there are thousands of students and most of the students’ questions are
same-alike.

>

In this paper, a Ubiquitous Virtual Tutoring Assistant System (UVTAS) is developed to provide instant assistants for
students’ learning problems. No matter where a student is, while he/she encounters or thinks about a learning problem,
he/she can obtain immediate solutions via his’her mobile device, such as a cell-phone or a PDA. UVTAS records the
problems students ever asked, along with the solutions teachers provided, in its problem-solving base. When a new
problem is issued, UVTAS will search the problem-solving base to find the most-similar problem and provide the
associated solution to the student. If there is no similar problem found, UVTAS will automatically search through the
supplement-material base to find a suitable fragment of supplement material which might solve the student’s problem.
If the student is satisfied with the solution provided, UVTAS will add the new problem and the associated solution to
the problem-solving base for future problem solving. If unfortunately no suitable fragment of supplement material is

1
To whom all correspondence should be sent.
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found, an instant message will be sent directly to the teacher’s mobile device, asking for manual solution from the
teacher. While the teacher provides a solution to UVTAS, the solution will be sent immediately to the student’s mobile
device. UVTAS not only provides a web-interface for mobile learners, it also incorporates a Short Message Service
(SM9) interface of question-answering to support mobile learners while Internet access is not available. Through our
experiments, about 68~84% of students’ problems are solved with satisfaction by UVTAS.

2. Relevant Works

Recent progress of computer and network technologies has encouraged the development of web-based learning
environments (Hwang 2003, 2006; Tseng & Hwang 2004; Shih et a. 2006), in which students can proceed their
learning activities without being limited by location and time. However, as most of the existing web-based learning
systems simply provide subject materials for browsing, the students are likely to be stuck while encountering problems
during the learning process without instant aid, and hence their learning performances could be significantly affected
(Jonassen 2000).

Some researchers attempted to employ on-line discussion groups to cope with the problem. Nevertheless, most of
the answers obtained from the discussion groups could be incorrect or incomplete; therefore, the most desirable
approach is to obtain the answers directly from the teacher. Unfortunately, for a popular on-line course with thousands
of students, it is almost impossible for the teacher to answer every question submitted by the students, not to mention
the provision of instant aids to them. Rau et a. (Rau et al. 2004) indicated that, without face-to-face interaction, it is
important to provide immediate help and interactions while proceeding online instruction.

Several virtual tutoring assistant systems (Wei and Tseng 2006, Wang et al. 2006) had been proposed based on
guestion-answering systems (Tseng & Hwang 2006). However, most of the services provided are not ubiquitous, which
are unable to provide instant problem-solving services for mobile learners. Furthermore, the solutions rely heavily on
teachers to add onto the systems manually, which consume a lot of labor hours and thus reduce the efficiency of
problem-solving.

To cope with these problems, we propose and develop a ubiquitous virtual tutoring assistant system which
incorporates a supplement-material base as well as a solution extraction module to search, analyze,
and extract automatically solutions from the supplement-material base, which relief the burden of
solving problems manually by the teachers.

3. TheUbiquitousVirtual Tutoring Assistant System (UVTAYS)

The system architecture of the ubiquitous virtual tutoring assistant system proposed is shown in Figure 1.

First, learners submit their problems through internet via the mobile user interfaces provided by UVTAS. The
mobile user interfaces provided includes a web service and a Short Message Service (SMS). Once a problem is
submitted by the learner, the Problem Matching Module will search the Problem-Solving Base to find the most similar
problem that has been solved and recoded in UVTAS. If asimilar problem is found, the associated solution is sent to the
learner for reference. If no similar problem is found, the Solution Extraction Module is incorporated to extract a suitable
fragment from the Supplement-Material Base for solving the problem. If the student is satisfied with the solution
provided, UVTAS will add the new problem and the associated solution to the problem-solving base for future problem
solving. If unfortunately no suitable fragment of supplement material is found, the Manual Solution Module will sent an
instant message directly to the teacher’s mobile device, asking for manual solution from the teacher. While the teacher
provides a solution to UVTAS, the solution will be sent immediately to the student’s mobile device. The teachers can
maintain the Supplement-Material Base at any time through the Material Solution Module to provide teaching materials
for UVTAS to extract possible solutions. The more supplement materials the teachers provide, the more accuracy of
problem solving can be achieved by UVTAS.
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Figure 1: The structure of the Ubiquitous Virtual Tutoring Assistant System

3.1 The Solution Extraction Module

The design of the solution extraction module, which is the most distinguishable feature of UVTAS, is shownin

Figure 2. The workflow is given as follows:

(1) Once aproblemis passed onto, the solution extraction module will segment the words contained in the

problem.

(2) The stop words contained in the problem are identified and removed, and then a Characteristic Vector (CV) is

composed to represent the problem.

(3) The Google desktop search tool is invoked to select at most twenty related supplement materials for further

analysis.

(4) The semantic fragments contained in the candidate materials are then extracted.

(5) According to the titles, the page ranks, the abstracts of the candidate materials, semantic fragments the system

extracted are ranked.

(6) The solution of the problem is them selected according to the ranking result.
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For selecting suitable fragments as solutions, the page ranks (R), the titles (T), the
abstracts (A) of the selected candidate supplement materials, as well as the semantic fragments
extracted from the candidate materials, are used in our ranking algorithm. The formula for

Figure 2: The Solution Extraction Module

computing the similarity of the problem to afragment of text is followed:

Y04

P




S =(N-R)*0.2+S(F)* 0.5+ S(A)* 0.2+ S(T,)* 0.1,

2L
whereg( X )= | K?QQTX L og+ ]Elx .0.2;

S(X): similarity measurement of the semantic fragment X to the problem,;
N: number of supplement materials considered;

R:: page rank of the supplement materials that contain fragment i;

Fi: content of the semantic fragment i;

A;: abstract of the supplement materials that contain fragment i;

T;: title of the supplement materials that contain fragment i;

KQ = {Ky, K, ..., K.}: keyword set of the problem;

KX = {Ky, K, ..., Ki}: keyword set of the fragment X;

LX: sum of word length of the fragment X;

L;: total word length of occurrences of K| in X.

3.2 TheUser Interfaces

The user interfaces implemented are shown in Figure 3 and Figure 4. UVTAS not only provides a web-interface
for mobile learners (shown in Figure 3), but also a SM S-interface of question-answering to support mobile learners
while Internet access is not available (shown in Figure 4). A prefix number (such as 01234 in the left part of Figure 4) is
required in the problem submission interface to specify the SM S service incorporated. A prefix number (such as 47496
intheright part of Figure 4) is also included in the solution provided through the SM'S service to indicate the problem
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Figure4: The SM

4. Experimentsand Results Analysis

In order to evaluate the performance of problem-solving of the proposed system, three test banks are conducted in
the experiment as shown in Table 1. The test bank 1 includes the same problems exist in the problem-solving base. The
test bank 2 includes similar (but not the same) problems as those in the problem-solving base. The test bank 3 includes
general problems where no similar (or the same) problem exists in the problem-solving base.

For each of the three test banks, two experiments are performed: (1) search solutions in the problem-solving base
(PSB) only; (2) search solutions both in the problem-solving base and the supplement material base (PSB+SMB). The

4 i
S-interface for mobile learner

Type of sample

Test bank 1 Existing problems
Test bank 2 Similar problems
Test bank 3 General problems

experiment results are shown in Figure 5 to Figure 7.

Table 1: Test banks used in the experiment
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Figure 5: Comparison of the percentages of solved problems for test bank 1 (existing problems)
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Figure 6: Comparison of the percentages of solved problems for test bank 2 (similar problems)
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Figure 7: Comparison of the percentages of solved problems for test bank 3 (general problems)

From the experimental results, when the supplement material base is incorporated to supplement the searching of
solution, the percentage of solved problemsis raised from 72% to 84% for existing problems (see Figure 5); from 54%
to 83% for similar problems (see Figure 6); from 0% to 68% for general problems (see Figure 7). The experiment
results show that the design of supplement-material base, as well as the capability of automatically
searching, analyzing, and extracting solutions from the supplement-material base, significantly
increases the percentage of solved problems. That is, less requests to the teachers for manually
providing solutions are needed. As most of the problems are solved instantly by UVTAS, there is less
possibility for the learners to be stuck in a certain problem. And thus the learning efficiency of
mobile learners will be promoted when UVTAS i1s employed.

5. Conclusions and futurework

A ubiquitous virtual tutoring assistant system (UVTAS) is proposed and developed in this paper. UVTAS provide
instant assistants for students’ learning problems even when the students are on the move. No matter where a student is,
while he/she encounters or thinks about a learning problem, he/she can obtain immediate solutions via his’her mobile
device, such as a cell-phone or a PDA. UVTAS not only provides a web-interface for mobile learners, it aso
incorporates a Short Message Service (SMYS) interface of question-answering to support mobile learners while Internet
accessis not available.

Through our experiments, about 68~84% of students’ problems are solved with satisfaction by UVTAS. The
experiments result also shows that it is advantageous to incorporate a supplement material base, as well as to search,
analyze, and extract fragments for solutions from the supplement material that the teachers maintained. About 12% of
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improvement on the percentage of solved problems for problems exist in the problem-solving base; 29% of
improvement for problems similar to the problem-solving base; 68% of improvement for problems that exist no similar
(or the same) problem in the problem-solving base. That proofs the superiority of UVTAS over previous virtual tutoring
systems which only search in the problem-solving base.

UVTAS is a self-growing ubiquitous problem solving system. The more problems the learners issued,
the more solutions records in the problem-solving base. As most of the problems students encountered
are similar, after being used for a certain period of time, UVIAS will be able to solve most of the
students’ problems without interference with the teachers. Moreover, teachers may add as many
supplement materials as they like to the supplement-material base of UVATS at their free time. The
more supplement materials add, the more possibility that UVTAS finds suitable fragments for solving
the problems, and thus more time is saved for the teachers to provide manual solutions.

The main innovative ideas of UVTAS based on two parts: first, the ubiquitous problem-solving
interfaces provided not only through web browsers but also through SMS, which make the ubiquitous
problem solving services possible for low-end cell-phones where no browser is built inside, as well
as for saving telecommunication cost of Internet connection; second, the design of supplement-material
base as well as the capability of automatically searching, analyzing, and extracting solutions from
the supplement-material base, which further relief the burden of solving problems manually by the
teachers.

In our experiments, we found that although some problems do not match any existing problem or
any fragment recorded in the system, they do contain some clues for finding solutions. For example,
there might be no solution for the problem “What is the architecture of a CPU?” , however, it is
possible that there is a solution for the problem “What is the von-Neuman machine?” . As we know
that nowadays the architecture of a CPU is actually a von-Neuman machine, if we can find out the strong
connection between the phrases “architecture of a CPU “ and “von-Neuman machine” , it is possible
to solve the problem “What is the architecture of a CPU?” by providing the solution of the problem

“What is the von-Neuman machine?” . In the future, a query expansion module (He et al. 2005; Lin
et al. 2006; Joneset al. 2006) will be added to UVTAS to deal with such kind of problems by considering
related phrases in the automatic problem-solving process.

Reference

He, T., Tu, X., Qu G. and Ji, D. (2005), Chinese Query Expansion Based on Related Term Group, Proceedings of 2005
|EEE International Conference on Natural Language Processing and Knowledge Engineering (NLP-KE’05)

Hwang, G.J. (2003), A Concept Map Model for Developing Intelligent Tutoring Systems, Computers & Education, 40
(3), 217-235.

Hwang, GJ., Hsiao, J.L., and Tseng, J.C.R. (2003), A Computer-Assisted Approach for Diagnosing Sudent Learning
Problemsin Science Courses, Journal of Information Science and Engineering, 19 (2), 229-248.

Hwang, G.J,, Lin, B.M.T. and Lin, T.L. (2006), An Effective Approach for Test-Sheet Composition from Large-Scale
Item Banks, Computers & Education, 46 (2), 122-139.

Jonassen, D.H. (2000), Computers as mind tools for schools, Merrill, Upper Saddle River: NJ.

Jones, R., Rey, B., Madani O. and Greiner, W. (2006), Generating Query Substitutions, Proceedings of the 15"
international conference on Word Wide Web, 387-396.

Lin, H.C., Wang, L.H. and Chen S.M. (2006), Query expansion for document retrieval based on fuzzy rules and user
relevance feedback techniques, Expert Systems with Applications 31, 397-405.

Rau, PL. Patrick, Chen, S.H. and Chin, Y.T. (2004), Developing web annotation tools for learners and instructors,
Interacting with Computers, 16, 163-181.

Tseng, J.C.R. and Hwang GJ. (2004), A Novel Approach to Diagnosing Sudent Learning Problems in E-Learning
% Y04



Environments, WSEAS Transactions on Information Science and Applications, 1(5), 1295-1300.

Tseng, J.C.R., and Hwang, GJ. (2006), Development of an Automatic Customer Service System on the Internet,
Electronic Commerce Research and Applications, 6, 18-29.

Tzu-Ting Wang, Gwo-Jen Hwang (2006), A genetic approach to optimize auto-feedback accuracy of e-learning systems,
Proceedings of the 2006 Taiwan E-Learning Forum (TWELF 2006), Tainan, Taiwan.

Wang, C.C., Hung, J.C., and Yang, C.Y. (20062, Timothy K. Shih, An Application of Question Answering System for
Collaborative Learning, Proceedings of the 26" IEEE International Conference on Distributed Computing Systems
Workshops(ICDCSW’06).

Wang, C.C., Hung, J.C., Shih, T.K. and Lin, H.W. (2006), A Repository-Based Question Answering System for
Collaborative E-learning, Journal of Computers, 17 (3), October 2006.

WEei, C.C. and Tseng, J.C.R. (2006), The Development of an On-line Virtual Assistance System Based on the Automatic

Document Classification Mechanism, Proceedings of the 2006 Taiwan E-Learning Forum (TWELF 2006), Tainan,
Taiwan.

Y04

P



