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ABSTRACT 

In the 21®' century, e-Leaming has been widely used in both academic education and 

corporate training. However, many e-Leaming systems present multimedia instructional 

material in a static, passive, and unstructured manner, giving learners little control over 

learning content and process. As a result, higher effectiveness and greater societal 

potential of e-Leaming are hindered. This thesis makes two primary contributions to this 

trend. From a theoretical perspective, we propose a new concept called "Virtual Mentor 

(VM)" and a research framework called Media StructuRalization Theory (MSRT). The 

VM refers to a multimedia-based e-Leaming environment that emphasizes interaction, 

flexibility, and self-direction. The MSRT aims at providing guidance toward effective 

design and implementation of virtual mentor systems. From a technical perspective, we 

have developed a prototype VM system called Learning by Asking (LBA), which 

integrates various information technologies. The major technical innovation is adoption 

of a novel natural language approach to content-based video indexing and retrieval. 

We conducted empirical studies to validate a few propositions of the MSRT. The results 

demonstrated that structuring of multimedia content and the use of instructional videos 

improved learning outcome significantly. The learning performance of students in an e-

Leaming environment with content structuring and synchronized multimedia instruction 

is comparable to that of students in traditional classrooms. Our research was enabled by 

the LBA system, which provides a leamer-centered, self-paced, and interactive online 

learning environment. 



il 

In order to enhance personalized and just-in-time learning, the LBA system allows 

learners to ask questions in conversational English and watch appropriate multimedia 

instructions retrieved by LBA that address learners' interests. Traditional video indexing 

and retrieval approaches are based on scene changes or other image cues in videos that 

are not normally available in video lectures. We propose a novel two-phase natural 

language approach to identifying relevant video clips for content-based video indexing 

and retrieval. It integrates natural language processing, named entity extraction, frame-

based indexing, and information retrieval techniques. The preliminary evaluation reveals 

that this approach is better than the traditional keyword-based approach in terms of 

precision and recall. 
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I. INTRODUCTION 

1.1 The Internet and An Evolution of Learning Technology 

Learning is perhaps the most indispensable activity in the current knowledge-based 

economy, which is characterized by industrial change, globalization, increased intensive 

competition, knowledge sharing and transfer, and the information technology revolution. 

Globalization requires new methods of delivering education and training, partly to 

enhance traditional methods of knowledge acquisition and to convey new skills and tools 

(Adam, Awerbuch, Slonim, Wegner, & Yesha, 1997). It is estimated that education and 

training from pre-school to retirement constitute a US$2 trillion marketplace worldwide 

(Khirallah, 2000). 

The traditional context of learning is experiencing a radical change. There are many 

situations in which people want to learn exactly what they are interested in, without time 

and location limits. For example, people who have health problems may seek to 

understand a condition by obtaining relevant information before making decisions about 

possible treatment. Organizations may need to train employees without their having to 

leave work. Students who have missed a lecture may want to hear it later. These kinds of 

needs require knowledge acquisition that is personalized, available on-demand, and 

acquired just at the right time. 

Traditional face-to-face learning has the advantages of being familiar, close at hand, and 

comfortably well known to both instructors and students. However, it may sometimes 
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necessitate travel and disruption of work, causing prohibitive outlays of time and money. 

In some instances, it may be impossible to send an instructor to a remote site. When too 

burdensome an amount of content is presented in a classroom setting, too high a demand 

intense concentration may negatively affect lezuners' retention. Moreover, traditional 

education attempts to "throw" materials at students, assuming that they will receive and 

store the material in the way an instructor expects (Oliver, 2000). Teaching in traditional 

classrooms centers on instructors, most of whom maintain tight control of the class 

content (e.g. topic, course material, discussion) and pace (Baloian, Pino, & Hoppe, 2000). 

The concept of traditional education does not fit comfortably into the new world of 

lifelong learning where the roles of instructor, students, and curriculum all are changing. 

Teaching and learning, no longer restricted to traditional classrooms, are shifting toward 

becoming learner-centric by emphasizing relevance, personalization (learning according 

to an individual's interests, background, and style, etc.) and learning flexibility (flexible 

time and location) (Adam et al., 1997). Consequently, learning methods need to become 

more portable and personalized. 

Distance learning has been an alternative to face-to-face learning, in which instructors 

and students are physically separated by time, location, or both (Hodgins, 2(X)0; Reisman, 

Carr, Alan I. Rea, & Slavinski, 2001). As early as 100 years ago, instructional materials 

and student responses were delivered by the postal system, and by the late 1960s and 

early 1970s, significant changes resulted from development of new media technologies 



and delivery systems such as orbital satellite communication. Colleges and universities 

started to transmit educational programs via satellite. In the late 1980s and the 1990s, 

numerous systems were launched with the primary purpose of delivering distance 

learning via one-way video and two-way audio communications - students at remote sites 

could see instructors located at a central site, but could address them only through audio 

communication. There are, however, some disadvantages of distance education, such as 

lack of immediate feedback from instructors and lack of interaction (Jones, 1996). Since 

1990, a dramatic shift to Internet-based learning has vastly expanded the world of open 

and distance learning, leading to what has been referred to as Electronic Learning (or e-

Leaming). 

1.2 E-Leaming 

Innovative learning systems based on various electronic technologies have been around 

for many years, and numerous terms have been used in various learning contexts such as 

computer-mediated learning and, most recently, e-Leaming. Computer-mediated learning 

is defined as the use of (personal) computers for education and training (Price, 1991). It 

has also been defined as any software system that provides some form of user assistance 

in employing software guides, and tutorials (Corrigan and Kennard, 1997). E-Leaming is 

the most recently introduced term in this area (Bruckman, 2002). 

In the context of this study, computer-mediated learning and e-Leaming are treated as 

related terms. While both recognize the importance of computing technologies in support 
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of learning processes, the former emphasizes the front-end, i.e., computers, and the latter 

emphasizes the impact of the Internet on new opportunities to leam. Today, e-Leaming 

has become the focus of technology-supported, just-in-time learning. While the research 

framework we propose in this dissertation is also relevant to computer-mediated learning, 

our current research emphasizes and investigates the impacts of real-time interactivity, 

personalization, and collaboration on learning effectiveness in an online learning 

environment. Consequently, we favor the term of e-Leaming in this dissertation. 

With the increasing use of networked computers and advances in telecommunication 

technologies, the Intemet has been widely recognized as a valuable medium for network-

enabled transfer of skills, information, and knowledge in various areas (Carswell, 1997). 

Broadly speaking, e-Leaming, sometimes also called online learning or Web-based 

learning, is a type of distance learning in which training or educational material is 

delivered electronically to remote learners via the Intemet or Intranet. An e-Leaming 

system provides a configurable infrastructure that integrates learning material, tools, and 

services into a single solution in order to quickly, effectively, and economically create 

and deliver training or educational content (Aggarwal, Hatfield, Kemery. Valenti, & 

Esnault, 2001). It has become an important alternative to classroom learning. 

Its role in the currently emerging revolution makes e-Leaming an inevitable element of 

doing business in the new economy. Companies in the United States spent $62.5 billion 

on training or educating their employees in 1999, with more than $3 billion spent on 
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technology-delivered training (Khirallah, 2000). Effective and efficient training methods 

are generally required by companies to ensure that employees and channel partners are 

equipped with the latest information and advanced skills in a timely manner. It is a 

daunting task to maintain a well-educated and high-performance workforce in today's 

global economy. Recognizing a promising solution, companies such as Dell Learning, 

CISCO e-Leaming, and HP Virtual Classroom are using e-Leaming to reduce training 

time and cost by expanding their training market to previously out-of-reach employees, 

(Wulf, 1996). 

In academia, educational opportunities have been carried to many remote comers of the 

earth via the Internet. Much research has showed that students benefit from e-Leaming 

(Beam & Cameron, 1998; Burgstahler, 1997; Carswell, 1997; Hiltz & Wellman, 1997; 

Lang & Zhao, 2(X)0; McCIoskey, Antonucci, & Schug, 1998). Today, thanks to 

widespread access to the Internet, e-Leaming has emerged as one of the fastest-moving 

trends in higher education, enabling professionals to leam from afar and keep pace with 

technological and managerial change. Thousands of online courses, including degree and 

certificate programs, are now being offered worldwide by universities (Table 1). 

At a press conference on April 4, 2001, MIT announced its commitment to making 

material from virtually all of its courses available free on the Web for non-commercial 

use (http://web.mit.edu/newsoffice/nr/2001/ocw.html). This new initiative, called MIT 

OpenCourseWare (OCW), reflects MIT's institutional commitment to dissemination of 

http://web.mit.edu/newsoffice/nr/2001/ocw.html
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knowledge not only to its own students, but also to others around the globe. According to 

a recent U.S. government report, the demand for e-Leaming is likely to leap from 5 

percent of all students in higher education in 1998 to 15 percent in 2002. In the corporate 

sector, 40 percent of the total $2.5 billion spent on employee training in 1999 went to e-

training (Ubell, 2000). 

School Courses or Programs 

University of Phoenix 

http://www.phoenix.edu/index_open.html 

Business, Accounting, Management, 

Technology, etc. 

Stanford University 

http://scpd.stanford.edu/scpd/students/ 

onlineclass.htm 

Aeronautics and Astronautics, Computer 

Science, Electrical Engineering, etc. 

University of California, Berkeley 

http://explore.berkeley.edu 

Computer Information Systems, Digital 

Communications, E-Commerce, etc. 

Georgia Institute of Technology 

http://www.conted.gatech.edu 

Digital Signal Processing, 

Mechanical Engineering 

University of Illinois Online, Urbana 

http://www.online.uillinois.edu 

Expert Systems, Microelectronic 

Processing, etc. 

New Jersey Institute of Technology 

http://www.njit.edu/DL 

Computer Network Design, Software 

Development, etc. 

University of Maryland 

University College, Adelphi 

http://www.umuc.edu 

Computer Systems Management, 

Software Engineering, etc. 

University of Wisconsin, Madison 

http://www.uwex.edu 

Engineering Economics 

Table 1. A List of Universities in U.S. Offering Online Courses 
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Innovative use of the Internet and hypermedia helps educators and trainers explore viable 

alternatives for e-Leaming. Not only can instructional material such as syllabi, lecture 

notes, and assignments be made available on the Internet, but online collaboration and 

discussion can also occur. Knowledge stored on the Web can be given well-timed 

updating for the benefit of e-Leamers, as is not possible with other knowledge delivery 

formats such as CD-ROM/DVD (Thomas, 2000). 

E-Leaming can be either synchronous or asynchronous. Synchronous e-Leaming requires 

simultaneous participation of all leamers and instructors at distributed locations. It refers 

to any learning event delivered in real-time to remote leamers and includes immediate, 

two-way communication between participants. It can be considered scheduled delivery of 

learning and may take the form of multicasts. video conferencing, and virtual classrooms, 

etc. (Mehrotra, Hollister, & McGahey, 2001). Asynchronous e-Leaming does not require 

simultaneous participation of leamers and instmctors but refers to a situation in which a 

leaming event does not take place in real-time (Kaneko, Sugino, Suzuki. & Ishijima, 

2000). Therefore, asynchronous e-Leaming is "on-demand" delivery of leaming, which 

gives leamers more control over learning time, process, and content. Currently, the 

majority of e-Leaming systems are asynchronous, since they are simpler to develop and 

implement and are less expensive than synchronous e-Leaming. 

In contrast to traditional classroom leaming, e-Leaming has several advantages for 

leamers (Beam & Cameron, 1998; Burgstahler, 1997; Carswell, 1997; Daugherty & 
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Funke, 1998; Hiltz & Wellman, 1997; Hiltz & Benbunan-Fich, 1997; Lawhead et al.. 

1997; McCloskey et al., 1998; Piccoli, Ahmad, & Ives, 2001). First, e-Leaming provides 

time and location flexibility. Second, in the long run, e-Leaming results in cost and time 

savings for educational institutions. Third, it fosters self-directed and self-paced learning 

by conducting leamer-centered activities. Fourth, e-Learaing offers a collaborative 

learning environment by linking each leamer with physically dispersed experts and peers. 
i 

Fifth, it allows unlimited access to electronic learning materials. In addition, knowledge 

stored in a Web repository can be updated and maintained in a timely and efficient 

fashion. 

While much of the literature emphasizes the potential value or benefits of e-Leaming, 

other studies have pointed out such drawbacks as frustration, anxiety, confusion, and 

reduced interest in subject matters (Hara & Kling, 2000; Maki, Maki, Patterson, & 

Whittaker, 2000). Improving e-Leaming effectiveness and making it more appealing to 

learners is a critical challenge. Researchers are now developing new multimedia 

technologies and research frameworks to make online learning more personal, more 

interactive, and more effective. 

1.3 Problems of Current E-Leaming Systems and the Virtual Mentor Concept 

More and more e-Learning systems are available today, but many of them have 

limitations that hinder improvement of the effectiveness and societal potential of e-

Leaming. Some of these problems are: 

• Text-based learning materials 



Many e-Learning systems present only text-based content (Burd, 2000; Norman, 2000), 

which may seem boring to learners and cause them to disengage during online learning. 

Learners may be reluctant to read large volumes of text on screen (Carswell, 1998; 

Wade & Power, 1998). A multimedia-integrated system allows learners to take 

advantage of multiple human senses and tap into their feelings and emotions (Chapman, 

Selvarajah, & Webster, 1999). 

• Lack of rich content for good understanding 

A number of e-Leaming systems lack adequate instructions for students (Kohsaka, 

Hashimoto, Shibata, & Katsumoto, 1999). Some systems provide only PowerPoint 

slides, which may not ensure that learners understand the learning content. It is not 

uncommon for readers of slides to fail to understand what an instructor really means by 

all those bullet points. 

• Insufficient interactivity and flexibility 

Unlike traditional classroom learning, in which students interact directly with 

instructors at the same time and location, an important issue is that studying online 

requires students to be more actively engaged. Many current e-Leaming systems are not 

quite interactive. Leamers have little flexibility to adapt learning content and process to 

meet their individual needs. For example, it may not be possible to find exactly what is 

wanted or to skip a portion of content that is already known. Consequently. e-Leaming 

is less likely to hold leamers (Hammond, McKendree, Reader, Trapp, & Scott, 1995; 

Hiltz & Wellman, 1997). In other cases, a student may want to ask a question and get 

an answer right away instead of sequentially going through an entire instructional video 
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or other multimedia content to find an answer. So far, most multimedia-based e-

Leaming systems do not provide this capability. 

• Unstructured and isolated multimedia instructions 

In recent years, multimedia technology has advanced remarkably and has potential for 

influencing both processes and products of e-Leaming. However, many multimedia-

based e-Leaming systems simply post content on the Web without any processing. 

Postings are usually static, passive, and unstructured, without any indication of close 

associations among relevant materials in different media. For example, instructional 

videos and PowerPoint slides of the same lecture are presented separately. E-leamers 

may even have to go to two different Web sites to view both of them. 

The emergence of multimedia presentations using technology presents opportunities both 

for technological breakthroughs and for theoretical advances in online learning. 

Technically, we need to engineer a method of integrating multimedia content. While 

technology itself does not determine learning outcomes, technologies differ significantly 

with respect to the learning environments they foster. Theoretically, we need to 

understand how to control different factors in order to improve e-Leaming effectiveness. 

The literature records relatively little research on providing theoretical guidance for 

development of effective multimedia-based e-Leaming systems. 

In general, this dissertation research makes two major contributions. From a theoretical 

perspective, we propose a concept called Virtual Mentor (VM), which is defined as an 
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interactive multimedia-based e-Leaming environment that packages and presents 

structured instructional videos and related material in other media. People leam through 

active interaction with a VM, and have flexible control over the learning process and 

content. Learners are able to acquire knowledge "just-in-time" at any place. We also 

propose a research framework called "Media StructuRalization Theory (MSRT)" that 

aims at identifying influential factors in a virtual mentor. We primarily focus on 

validating content structuring and media use of MSRT by means of a prototype VM 

system. 

From a technical perspective, we have implemented a prototype system of VM called 

Learning by Asking (LBA) based on propositions of the MSRT. The LBA system 

consists of two sub-systems: Asking A Question & Interactive E-Classroom. It integrates 

a variety of information technologies such as intelligent tutoring and information 

retrieval. The key technical innovation of this system is its novel natural-language 

approach to content-based video indexing and retrieval, which enables e-leamers to have 

a virtual conversation with the system - asking natural-language questions and getting 

appropriate multimedia instructions in real-time. 

In this research, we were particularly interested in addressing the following questions: 

1) What are the influential factors that have impact on the effectiveness of a virtual 

mentor? 

2) Does the structuring of multimedia instructions in a virtual mentor help students 

achieve superior performance? 
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3) Given a large online video repository, how can content-based video indexing and 

retrieval be performed effectively in order to satisfy individual learners' interests and 

make learning by asking questions possible? 

4) In what format should the learning content be meaningfully presented in an e-

Classroom? We share the view of Clark that "if learning occurs as a result of 

exposure to any media, the learning is caused by the instructional method embedded 

in the media presentation" (Clark, 1994). Today, many e-Leaming systems are able to 

provide instructional content in various media, but the best way to display multimedia 

content in order to achieve more effective online learning is still under investigation. 

The remainder of the dissertation is organized as follows. In Chapter 2, we give a 

thorough literature review of past research on multimedia use in technology-based 

learning systems, media-related theories, and state-of-the-art work on content-based 

video indexing and retrieval. Then, we propose the concept of virtual mentor and the 

MSRT research framework in Chapter 3. In Chapter 4, a prototype system of virtual 

mentor called LBA, developed at the Center for the Management of Information at the 

University of Arizona, is introduced. Next, we describe a novel natural-language 

approach to content-based video indexing and retrieval that integrates multiple 

information technologies in Chapter 5. In Chapter 6, an empirical study conducted for 

validating propositions of the MSRT and evaluation results from using our video 

indexing and retrieval method will be reported. Finally, we discuss the research findings 

and conclude with a summary of the contributions of this research in Chapter 7. 



2. LITERATURE REVffiW 

2.1 Multimedia Technology and Their Applications in Learning Systems 

2.1.1 Multimedia Technology 

Multimedia technologies combine several communication media such as text, graphics, 

video, animation and sound. Simply defined, the term multimedia refers to a computer-

based presentation that delivers information integrating two or more media (Beckman, 

1996). Multimedia technologies such as audio/video encoding and decoding algorithms, 

compression and decompression techniques, computer representation of sound, sampling 

rate, MIDI devices, and WAV Files are examples of promising multimedia technologies. 

For many learning tasks, multimedia methods are not only more appropriate, but also 

more efficient, and multimedia instructions frequently motivate learners more effectively 

(Megarry, 1988). 

Multimedia content, transmitted over ever-increasing network bandwidth, has a dramatic 

impact on both the processes and products of learning and provides a multi-sensory 

learning environment that can help maximize learners' ability to retain information 

(Syed, 2001). Multimedia courseware can entice learners to pay full attention to a task 

through vivid presentations that are more actively, intriguing, and fascinating (Agius & 

Angelides, 1999; Corbett & Anderson, 1995; Weston & Barker, 2001). Many distance 

education programs use video conferencing to increase interaction between instructors 

and students during synchronous remote learning (Kirby, 1999). 



Much research has shown multimedia instruction superior to traditional face-to-face 

instruction because it can enhance students' problem-solving skills, and motivate and 

authenticate the learning experience (Carville & Mitchell, 2000; Gross, 1998; Sean, 1997; 

Zhang, 1995). Multimedia learning, along with massive storage requirements, raises 

research questions about data management (how to store and manage multimedia), how 

to synchronize real-time delivery of video and audio, and how to perform content-based 

retrieval of multimedia instructions. 

Video is by far one of the most powerful and expressive non-textual media that captures 

and presents information (Hampapur & Jain, 1998). It is thought to have benefits that 

may offset its liabilities. Videos can convey more forms of information than a more 

meager medium such as text. It allows students to leam both verbally and visually, 

providing the means to view actual objects and realistic scenes, to see sequences in 

motion, and to listen to narration and other sounds (Wetzel, Radtke, & Stem, 1994). 

Exploration of video-based learning environments has indicated that videos can enhance 

the learning experience, and that students Find video material very compelling (Kelsey, 

2000; Levin & Ben-Jacob, 1998; Vinaja & Raisinghani, 2001; Wetzel et al., 1994; 

William, Bareiss, Bimbaum, & Osgood, 1992). A number of studies have examined 

whether learning outcome is affected by the concurrent presentation of visual and verbal 

information in video. For example, Nugent (1982) compared several components of 

video presentations and generally found better retention for stories presented via the 
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combination of visual and auditory information than those presented via a single 

information source (video, audio, or text) only. 

Initially, a number of distance learning programs utilized television programs or analog 

videotapes to deliver instructional content (Sherry, 1996; Sorensen & Baylen, 1999). A 

major limitation was that content control exercised by remote students was limited to 

turning a television or a VCR on and off. Thus an important pedagogical consideration, 

the ability to meet the learning needs of individual students, was severely limited by 

passive viewing of these videos (Zollman & Fuller, 1994). Today, as digital technology 

comes of age, digital libraries are playing a more and more critical role in the evolution 

of learning. They provide access to reliable digital resources and allow instructors and 

learners to create distributed-leaming communities (Marchionini et al., 1997). High 

quality digital videos are being introduced into online learning with the advance of high

speed networking. 

2.1.2 Multimedia-based Learning Systems 

In a study conducted to investigate whether various types of visual illustration would 

influence abstract concept learning, Lai (2000) incorporated audio instructions in a 

multimedia-based learning program. One hundred and sixty college students were 

randomly assigned to one of three treatment groups: 1) text with full-audio delivery, 2) 

text and static graphics with full-audio delivery, or 3) text and dynamic illustration with 

full-audio delivery. Each group completed a computer-based learning program with 
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identical content. The major finding was that with audio information, students' 

performance under dynamic illustration was significantly better than that in the other two 

groups. 

The findings from other research, however, reported little impact of multimedia on 

education (Dillon & Gabbard, 1999; Mbarika, Sankar, Raju, & Raymond, 2001; 

VarHagen & Zumbo, 1990). For example, Varhagen and Zumbo (1990) reported that 

multimedia material caused positive student perception but had no significant impact on 

learning performance in a study of computer-assisted instruction. In a field study by 

Mbarika et al. (2001), combined multimedia content including voice, data, and video 

clips of the Delia Steam Plant was provided to students on CD-ROMs. Thirty-nine 

undergraduate students worked on a case study using both paper-based and multimedia-

based technologies. The results indicated that there was no direct relationship between 

use of multimedia technologies and perceived skill development. 

Many of multimedia studies used television programs, videotapes, or CD-ROMs to 

deliver instructional material, making them susceptible to several problems such as loss 

of time flexibility and increased difficulty of knowledge maintenance. The level of 

interactivity of television programs and analog videos was very low, due to their nature 

of linearity. 
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Interactive multimedia is defined as the use of a computer to present and combine text, 

graphics, audio, and video, with links and tools that let users navigate, interact, create and 

communicate (Hofstetter, 1995). Interactive multimedia permits learners to interact with 

it and be able to define and change the nature of verbal, numerical, visual, and audible 

display systems and therefore aims to offer more flexibility and increase learner 

engagement. Interactive multimedia technologies are having a dramatic impact on e-

Leaming. It is appealing to combine lectures and dialogues with visual presentation, 

animation, and other multimedia effects. 

Interactive video-based instruction reduces limitations associated with linear video 

communication by providing variable control over the learning process and the course of 

instruction and being actively responsive to learners' performances. Learner-content 

interaction is unavailable in use of conventional analog videotapes and one-way 

broadcasts. Learning achievement comparisons favor interactive video over linear video 

(Dalton & Hannafin, 1987; Phillips, Hannafin, & Tripp, 1988). The convergence of 

computing, knowledge management, and digital library technologies is standing by to 

produce an all-digital, interactive, and multimedia learning environment. 

High interactivity of an e-Leaming system can enhance learner engagement. A study 

examined engagement in two types of multimedia training systems - a more passive 

medium (videotape) and a less passive medium (interactive software) (Chapman et al., 

1999). The measures were a quiz and a questionnaire, which showed that learner 
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engagement was stronger for interactive computer-based training than for the videotape-

based training. 

Lennon and Payne (1997) reported a study that compared traditional classroom 

instruction with interactive video tele-training instruction in a Federal Aviation 

Administration Quality Assurance course. Learners were 49 air traffic employees split 

into two control groups and one treatment group (tele-training group). There was no 

statistically significant difference in learning outcome measured by post-test scores. 

A new trend in applying interactive video technology to learning is emerging. It 

integrates speech recognition, natural language processing, image processing, human 

computer interaction (HCI), and information retrieval techniques to create a new class of 

multimedia information access system. The basic premise is that information or 

knowledge of experts can be represented in the form of instructional videos. For example, 

a Spanish chef can be videotaped while he is teaching how to make a delicious dish. 

These videos are segmented according to their content into small chunks called video 

clips, which are stored on a video-streaming server (the video repository). The 

appropriate video clips will be identified and retrieved from the video repository in 

response to learners' knowledge demands. The retrieved video clips will then be 

delivered to remote computers and played as if learners were interacting with the expert 

in real-time (Marinelli & Stevens, 1998; Wactlar, 2000). The Synthetic Interview 

technology developed at Camegie Mellon University allows people to chat with a virtual 



30 

Albert Einstein over the Internet or to talk with doctors at a children's hospital. For a 

videotaped interview with a character, either a real person or an actor plays the role. A 

search engine within the Synthetic Interview system matches users' questions with the 

most appropriate video clip(s) (Marinelli & Stevens, 1998). For example, if a user were 

to ask the virtual Albert Einstein, "When did you come to America?" a video clip of 

Albert Einstein in which he talked about his immigration to America would be identified 

and delivered via the Internet and then start playing on the questioner's computer. In 

order to reduce video transmission delay, video-streaming technology is often used to 

play a video file while it is downloading. 

In recent years, a number of learning systems based on interactive instructional videos 

have been developed (Burke & Kass, 1995; Marinelli & Stevens, 1998; Pimentel, 

Ishiguro, Abowd, Kerimbaev, & Guzdial, 2001). Kearney and Treagust (2001) developed 

a system to use interactive digital video clips to present 16 real world demonstrations to 

physics students in order to elicit their pre-instructional concepts. Feedback from student 

questionnaires indicated that students perceived meaningful interactions taking place 

during their engagement with the program. 

Unlike CD-ROMs/DVDs, multimedia material is not susceptible to environmental 

damage from dirt, heat, and magnetism, etc, and can be regularly updated or easily 

revised. In the past few years, video technology has been widely adopted to enhance 

learners' perception of live interaction with virtual instructors via the Internet. These 
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systems vary in the way the multimedia content is organized and presented. Particularly, 

those systems can be classified into either synchronous or asynchronous: 

• Synchronous Learning Systems 

Harman and Dorman (1998) developed a system that effectively integrated desktop video 

conferencing and audio-graphic methodology to establish a virtual face-to-face learning 

environment for mathematics. The system enabled visual contact between lecturers and 

students. Electronic boards, application software, and videotapes were also utilized. 

PowerPoint slides were included to convey text, equation mode, and graphics on 

electronic whiteboards. 

Morales et al. (2001) probed learning effectiveness in an online environment by 

comparing performances of traditional face-to-face instruction and instruction delivered 

by an asynchronous live-switched video and a PowerPoint presentation stream via the 

Internet. The learning effectiveness as measured by students' exam grades showed no 

significant difference between the online learning group and the classroom group, but 

instructor revealed after the study that he had not provided many opportunities for the 

students in the classroom to ask questions, which could have negated the natural 

advantages of a traditional class. 

• Asynchronous Learning Systems. 

PERSYST is an interactive multimedia system supporting online courses with only a 

browser and required plug-ins for Intemet audio and video on the client side (Ginsberg, 
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Hodge, Lindstrom, Sampieri, & Shiau, 1998). Integrated within a virtual classroom is a 

blackboard for presenting content, a text chat room for interaction, and an audio service. 

The audio service provides live audio for class instruction, playing audio material and 

recording all audio data of the session. 

Hiltz (2001) did a virtual classroom project that used asynchronous learning networks for 

students earning bachelor's degrees in information systems and computer science (Figure 

1). Students were able to access presentation slides and videos on the Internet. Evaluation 

results revealed that students who completed semester-long online courses tended to 

perform equally as well as those in the traditional classroom. There are a couple of 

limitations in this virtual classroom. First, the system was not sufficiently interactive and 

flexible. For example, online learners could only use the scroll bar on the RealPlayer to 

skip or locate a portion of a lecture, making accurate control of content not possible. 

Second, a learner could see only one of the following three things at a time: the image of 

the instructor, course notes, or PowerPoint slides. It would be more convenient if all three 

components are available to learners simultaneously. 

Figure 1. A Virtual Classroom Used at NJIT 
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2.1.3 Media Synchronization in Learning Systems 

Some newly launched learning systems present synchronized multimedia instructions 

(Bargeron, Gupta, Grudin, Sanocki, & Li, 2001; Chen, Chia, Chen, & Hong, 1999; Dorai, 

Kermani, & Stewart, 2001; Morales et al., 2001). Chen et al. (1999) introduced a "Live 

Synchronized Hypermedia Live Lecture (SHLL) System", which synchronized the live 

presentation of a streaming video lecture, HTML-based lecture notes, and HTML page 

Navigation Events. 

In an online education program at the John Hopkins School of Public Health, the main 

course content was presented through a series of RealAudio files, accompanied by a 

timed PowerPoint slide presentation intended to mimic an on-site lecture given by a 

professor while displaying overheads simultaneously (Piotrow, Khan, Lozare, & Khan, 

2000). Video instructions were available online as an integral component of the course 

modules. The student evaluation indicated high satisfaction with the level of interaction 

and the accessibility of the teaching team. 

In CISCO e-Leaming (http;///www.cisco.com/warp/public/10/wwtraining/eleaming/), a 

video of a lecturer (a talking head) is synchronized with his/her PowerPoint slides — as 

the lecturer in the video finishes talking about one slide and switches to the next, the 

current PowerPoint slide also will be flipping automatically to the next slide (Figure 2). 

http://www.cisco.com/warp/public/10/wwtraining/eleaming/
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Figure 2. The CISCO E-Leaming System 

A major limitation of this system is that it provides little interactivity and flexibility to 

online learners. It is difficult to skip a portion of the content, inevitably leading to a linear 

learning process. 

The Stanford Center for Professional Development (http://scpd.stanford.edu/) provides a 

multimedia online learning environment that delivers Stanford academic programs. The 

interface of an online lecture is shown in Figure 3, which synchronizes video and lecture 

notes. Learners are able to interact with an online lecture, such as by going back to the 

previous slide or skipping the current one. 

http://scpd.stanford.edu/
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Figure 3. The Interface of Stanford Online Courses 

Bargeron et al. (2001) at Microsoft Research investigated the effectiveness of multimedia 

instructions by developing a Web-based system for on-demand education. Altogether, the 

interface displayed synchronized video, presentation slides, and a shared question-and-

answer set. Students reported that the on-demand formal was very convenient and 

students liked to skip the parts they did not need to watch. The limitation of this research 

is that researchers only examined student perception based on a survey without 

examining actual learning performance of students receiving the structured and 

synchronized multimedia instruction. 

Most of the systems above provided limited learner interactivity and flexibility of 

learning process and content control. Many systems simply post learning material on the 

Internet without providing any structural support to adapt to individual needs. For 

example, a learner cannot directly jump to a particular place in a video that he or she is 
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interested in. Browsing a non-structured video to locate a portion of interest is much 

more difficult and time consuming, since people have to view and listen to a video 

sequentially — from the beginning to the end. Therefore, since learners need an escape 

from linearity and freedom to use multimedia material in any way they choose, proper 

structural support of multimedia content and student control are highly desirable in an 

interactive e-Leaming environment (Hammond et al., 1995), especially in instructional 

videos. 

So far, there has been little research investigating the effect of content structuring on 

learning effectiveness. Therefore, the major objective of this research is to develop new 

learning systems that will extend the existing learning technology and improve the 

effectiveness of e-Leaming. 

2.2 Related Theories 

2.2.1 Multimedia theories 

A number of theories have been developed to generalize the media effect on what media 

can improve performance of what type of task (Daft & Lengel, 1986; Dennis & Valacich, 

1999; Fulk & Boyd, 1991). 

One of the best-known theories is the Media Richness Theory (MRT), developed for 

media use in group communications within organizations (Daft & Lengel. 1986). Media 

richness is defined as the extent to which a communication medium can facilitate shared 
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understanding among communicating partners, given a few basic assumptions about 

organizations and information processing. For example, organizations are open social 

systems that must process information, but have limited capacity. Managers try to 

identify decision rules, information sources, and structural designs that provide adequate 

understanding of situations. There are two information contingencies: uncertainty and 

equivocation. Uncertainty means the absence of information for decision-making. 

Equivocation means ambiguity, the existence of multiple and conflicting interpretations 

about an organizational situation. To function effectively, people must overcome 

equivocation and create common interpretations for events and messages. Therefore, the 

question is how organizations meet the needs of uncertainty and/or equivocation 

reduction. Daft and Lengel think communication media vary in the capacity of processing 

rich information. They proposed the MRT to suggest that managers improve performance 

by matching media characteristics to the needs of organizational information processing 

tasks categorized based on uncertainty and equivocation. The main premises of this 

theory are: 

• Media differ in "richness" - the ability of information to change understanding within 

a time interval. Face-to-face (like a conventional classroom environment) is the 

richest medium because it provides immediate feedback and conveys multiple 

information cues via body language, voice, and so on. Other media (e.g. email, 

memo, and voice messages) sends fewer cues or provides slower feedback. 

• Task performance improves when managers use richer media for equivocal tasks, 

enabling users to communicate more quickly and to understand ambiguous 
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information better (more subtly). In contrast, leaner media is better for low-equivocal 

tasks because rich media provide too much information. 

Basically, the MRT is built upon the presumption that increased media richness is linked 

to increased social or physical presence. It discusses under which conditions a medium 

would be the most effective for communication in an organizational environment. Dennis 

and Kinney (1998) tried to validate the MRT by examining the effect of media use on 

actual performance through an empirical study. Subjects were assigned into one of the 

four media conditions (video-immediate feedback, video-delayed feedback. CMC-

immediate feedback, and CMC-delayed feedback) and performed two tasks using that 

medium, one more and the other less equivocal. They discovered that matching media 

richness to the extent to which the task was equivocal did not improve performance. 

Using richer media rather than leaner media did not lead to better performance on tasks 

that were highly equivocal. 

Subsequently, Dennis and Valacich (1998) proposed a new theory named media 

synchronicity theory (MST). Media synchronicity is the extent to which individuals work 

together on the same task at the same time. It states that a set of five media capabilities is 

important to group work, and any decision task is composed of two fundamental 

communication processes: conveyance and convergence. Conveyance is the exchange of 

information, followed by deliberation on its meaning. In general, low media 

synchronicity is preferred for conveyance. Convergence is the development of shared 
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meaning for information and reaching an agreement on the meaning of information. In 

general, high synchronicity is preferred for convergence. Communication effectiveness is 

influenced by matching media characteristics to the needs of a communication processes. 

An empirical test supported the proposition that when conveyance is the goal of group 

communication, environments providing low synchronicity will be more effective. The 

test partially supported another proposition that when convergence is the goal of group 

communication, environments providing high synchronicity will be more effective. 

Both MRT and MST focus on media use in group communication and decision-making, 

not in online learning context. 

2.2.2 Frameworks for Web-based Learning 

In recent years, there has been some work done in exploring principles/guidelines for 

Web-based learning. Hung (2001) summarizes seven design principles for Web-based 

learning as follows: 

1) Learning is demand-driven — dependent on engagement in practice. An e-

Leaming environment should have personalized content for learners that can track 

learners' learning history and progress, and tailor personalized content and 

strategies. 

2) Learning is a social act/construction mediated between social beings through 

languages, signs, and tools. An e-Leaming environment should allow mediated 

discourse and should provide facilitating tools for the engagement of tasks. 
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3) Learning is an identity formation or act of membership. An e-Leaming system 

should create an environment in which there is continual growth and interaction 

through the tools embedded in the system. 

4) Learning is reflective and meta-cognitive, internalizing from the social to the 

individual. 

5) Learning is embedded in rich cultural and social contexts — acquiring both 

implicit and explicit knowledge. E-Leaming environments should be as portable 

as possible. 

6) Learning is socially distributed between persons, rules, and tools. E-Leaming 

environments should contain knowledge in which human skills are highly valued, 

and make tools available for locating the knowledge. 

7) Learning is to transfer knowledge from one situation to another, discovering 

relational and associated meanings in concepts. A learning system should 

organize information and knowledge so as to allow learners to engage in further 

analysis. 

These principles are expanded from three notions of learning — learning as demand 

driven, learning as a social act, and learning via ways of seeing. However, they are 

derived from the viewpoints of social and personal activities in learning. Other factors 

such as instructional content and learner characteristics are not taken into consideration. 

Northrup (2001) developed a framework for designing interactivity into Web-based 

instruction. Interactivity in Web-based learning has been defined in several contexts as 
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two-way communications to promote clarification and challenging perspectives among 

two or more persons. The framework consists of five interaction attributes: interaction 

with content, collaboration, conversation, intrapersonal interaction, and performance 

support. Possible strategies embedded within each attribute can be used to facilitate both 

content and social interactivity. This framework focuses the importance of interactivity in 

Web-based learning. 

Piccoli et al. (2001) investigated the effectiveness of a Web-based virtual learning 

environment in the context of information technology skills training. They proposed a 

framework in which learning effectiveness is determined by a human dimension and a 

design dimension. The human dimension includes student and instructor factors, while 

the design dimension includes learning model, technology, learner control, content, and 

interaction factors. This framework does not take multimedia characteristics into 

consideration. 

Generally speaking, there is no comprehensive theoretical framework for the design and 

implementation of effective Web-based learning systems. As a result, such a system may 

be less effective and may fail to meet various learning needs due to unawareness or 

carelessness of influential factors. Therefore, we believe building a theoretical framework 

for multimedia-based learning to be critical and beneficial. 
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2.3 Content-Based Video Indexing and Retrieval 

2.3.1 Importance of content-based video indexing and retrieval 

Searching is one of the core activities in digital video libraries. Its result is a list of 

candidate videos whose content satisfies a query. The media attributes of instructional 

videos should include 'random access', which allows learners to select any particular 

segment of a video with minimal searching time and to be able to view it over and over 

again as they wish. 

Video indexing is a process of tagging videos and organizing them in an effective manner 

for fast access and retrieval. Automation of indexing can significantly reduce processing 

costs while eliminating tedious work. In the use of instructional videos, one challenge is 

to provide learners with easy, intuitive, and fast access to the video content of interest 

(Amir, Ashour, & Srinivasan, 2001). Therefore, it is critical to index and retrieve videos 

in an efficient and effective manner. 

Unlike browsing a text, in which a quick glance is sufficient to filter information, 

browsing a video is very time consuming. The real difference between a video and a text 

is that the video has constant-rate outputs that cannot be changed without negatively 

impacting learners' ability to extract information. Considering a task of trying to find 

video clips of interest from a four-hour long videotape. In the analog domain, this task 

would be tedious and frustrating because people would have to view and listen to the 

whole video in order to find all the relevant parts. Some control features of VCRs such as 
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fast-forward and rewind do not help much, since there is no distinguishable audio during 

fast-forward or rewind operations. Simply digitizing the video will not make the job 

easier unless digital videos provide structural support in terms of content. Therefore, 

content-based video indexing and retrieval capability is highly desired in an interactive e-

Leaming environment. 

In most reported research, instructional videos were available to remotely located 

students through either Web broadcasting or remote online access. Although videos were 

digitized, they were not processed into a content structure like a textbook. The lack of 

structure of instructional videos can cause several problems. For example, students do not 

have much control over selecting video content. An instructional video may last a couple 

of hours and cover many sub-topics. It is difficult for students to skip some parts they 

already know or are not interested in. Students cannot efficiently search for a specific 

sub-topic in an unstructured video. Imagine a video lecture lasting 2 hours. Without 

content-based video searching capability, people have to spend 2 hours to browse the 

whole video in order to find all the content relevant to a subject, although part or even 

most of the video may be irrelevant to their interests. Obviously, making instructional 

video well-structured and organized to enable random access is highly desired. In recent 

years, research on indexing videos and making them accessible based on their structural 

properties and content has been growing dramatically (Li, Gupta, Sanocki, He, & Rui, 

2000). 
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2.3.2 Different approaches to content-based video indexing and retrieval 

In the past decade, a variety of video indexing techniques have been investigated, 

involving a wide range of topics from computer vision, pattern recognition, speech 

recognition, natural language processing, image processing, video analysis, and 

information retrieval. Those techniques can be classified into five categories based on 

different cues that algorithms use in video indexing and retrieval, including visual 

features, auditory features, texts, semantic frames, and task models. 

• Visual Feature Based Approach 

This method generally indexes videos based on visual features such as shape, texture, 

and color histograms. It involves extensive image processing. Some algorithms use 

key frames automatically extracted from a video as index. The basic idea is that every 

video clip has a representative frame that provides a visual cue to its content. Those 

representative frames (key frames) are automatically extracted from original videos 

based on their image features (Aigrain, Zhang, & Petkovic, 1996; Ardizzone & 

Cascia, 1997; Chang, Sull, & Lee, 1999; Hiwatari, Fushikida, & Waki, 1999; Kang, 

Kim, & Choi. 1999; Smoliar & Zhang, 1994). The visual-feature based approach 

normally uses image queries and video retrieval relies on a set of similarity measures 

between image features of a query and those of key frames, which can be performed 

at three abstract levels: raw data, feature, and semantic level (Papadias, 

Mantzourogiannis, Kalnis, Mamoulis, & Ahmad, 1999). 

Hiwatari, Fushikida, and Waki (1999) presented a technique for clustering an index 
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database in order to create an index structure for content-based video retrieval. The 

video indexes were classified by an image search engine on the basis of image region 

similarity. The key index constructed by K-nearest neighbor clustering method was 

chosen as a representative index. 

In an approach developed by Eickeler and Muller (1999), for each video frame, a 

feature vector containing 25 features such as intensity of motion and difference 

histogram was calculated. These feature vectors were modeled and classified using 

Hidden Markov Model (HMM), which has automatic learning capabilities. The 

indexing system is trained by presenting manually indexed video sequences. 

Other indexing algorithms use objects, their attributes, and spatial and temporal 

relations among objects in a video to label and index video sequences (Gunsel, 

Tekalp, & Van Beek, 1997; Kim & Ro, 1999; Liang, Venkatesh, & Kieronska, 1995; 

Zhong & Chang, 1997). Some researchers think low-level image features such as 

color histogram and shape are not sufficient to represent the rich semantics of a video. 

They propose spatiotemporal characteristics including relative movement of salient 

objects in a video that must be incorporated in an effective content-based video 

indexing scheme (Dagtas, Al-khatib, Ghafoor, & Kashyap, 2000). 

For example, Gunsel, Tekalp, and Van Beek (1997) introduced an approach to 

temporal video partitioning and content-based video indexing, where the basic 
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indexing unit is "life-span of a video object, rather than a camera shot or story unit." 

They indexed motion and shape information of video object planes tracked at each 

frame and provided an object-based access to video data. 

Liang, Venkatesh, and Kieronska (1995) presented an approach to video indexing by 

spatial representation. The spatial characteristics of an object in a video frame were 

represented by circumscribing its projection in the image with a rectangle called the 

minimum bounding rectangle. Based on relative positions of their dimensional 

bounds, the spatial relations between two objects could be classified into 13 possible 

types, such as object 1 touches (or disjoins) object!. This relation representation 

method, called R-string, provides an index for a video sequence. 

A trail-based approach to video indexing and retrieval was developed by Dagtas et al. 

(1999). It used the object motion information to characterize events for subsequent 

searching for similar clips. A user could query a video database through specifying 

trajectories of objects. Then, an algorithm will invoke a proper procedure, and 

compare the input trail with individual trails stored in the object trail schema. 

The disadvantages of visual-feature based approaches are that usually users usually 

do not have an image handy to formulate a query, and content-based image retrieval 

has not reached the semantic level that is directly useful to users (Dagtas et al., 2(XX)). 

When a video (such as a videotaped classroom lecture) has little scene change, a 
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visual-feature based approach will encounter serious problems in extracting key 

frames. In addition, defining quantitative measures of key frame similarity still 

remains a challenging research topic. 

• Auditory Feature Based Indexing 

This approach uses auditory information of videos as indexes, with the aim of 

developing video retrieval methods by scanning the audio soundtrack for keyword 

occurrence (Brown, Foote, Jones, Sparck-Jones, & Young, 1996; Srinivasan & 

Petkovic, 2000; Young, Foote, Jones, Sparck-Jones, & Brown, 1997). For example. 

Brown et al. (1996) presented a technique that used a statistical method to 

automatically perform audio indexing for video retrieval based on video soundtrack. 

It exploited a "phone lattice" that represented multiple acoustic hypotheses from 

which possible word occurrences could be inferred. This technique did not depend on 

a limited-vocabulary speech recognition system or keywords, but it had some 

drawbacks. First, the "depth" of a phone lattice affects the performance of a lattice-

based spotting system. If it is too shallow, the performance will be poor because of 

recognition errors; if it is too deep, there will be too many possible phone sequences. 

Second, storage requirements and searching time increase dramatically with lattice 

depth. Some researchers try to combine both auditory and visual information of 

videos to extract high-level semantic information as indexes (Tsekeridou & Pitas, 

2001). 



48 

As an alternative approach to above work, Witbrock and Hauptmann (1997) proposed 

a method that did not require a complete search of phoneme lattices for all documents 

at run-time. From phonetic transcriptions of videos, all phonetic sub-strings between 

3 and 6 phones in length were compiled into an inverted index for this phonetic 

transcript corpus. By using fixed-length strings of phonemes instead of phonetic 

lattices, the searching process in the phoneme space of a spoken document could be 

just as efficiently as in a normal text document collection. 

• Text-Based Approach 

In this approach, videos are indexed by keywords that are automatically extracted 

from texts associated with videos (Amir et al., 2001; Li, Gauch, Gauch, & Pua, 1996). 

The retrieval methods rely on keyword searching in the free texts obtained either 

from closed captions or from transcriptions of video soundtrack via speech 

recognition (Kuwano, Taniguchi, Mori, & Kurakake. 2(XX); Wactlar, 20(X)). Some 

algorithms utilize texts identified from video image for video indexing (Jeong, Jung, 

Kim, & Kim, 1999; Lienhart, 1996). For example, Lienhart (1996) proposed a 

method to automatically recognize texts appearing in videos using OCR software for 

video indexing. Video sequences are retrieved by specifying a search string and 

performing either exact sub-string match or approximate sub-string match. A text-

based video indexing scheme is straightforward and easy to implement. It allows 

random access to the points within a video where a particular keyword appears. 
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The heart of the VISION system is an object-oriented database management system 

containing segmented video/audio clips and transcript files (Li et al.. 1996). The 

salient feature of this system is the integrated application of image or video 

processing, information retrieval, speech feature extraction, and word-spotting 

technologies. After videos are logically segmented into a number of meaningful clips, 

a closed caption decoder and word-spotter is incorporated into the system to extract 

textual information to index the video clips based on keywords. Finally, all 

information is stored in a full-text information retrieval system for content-based 

video retrieval. 

Li, Doermann, and Kia (2000) implemented a scale-space feature extractor that fed an 

artificial neural processor to detect text blocks for video indexing. Their text- tracking 

scheme consisted of two modules: a sum of squared difference based module to find 

the initial position and a contour-based module to refine the position. Gargi et al. 

(1999) developed a system for detecting, tracking, and extracting artificial and scene 

text in MPEG-1 videos. The text localization stage consisted of a battery of methods 

employing a variety of heuristics for localizing text in frames and taking advantage of 

the temporal nature of videos. 

The major disadvantage of this approach is loss of the context of searching concepts. 

For example, assuming we have two videos in a video digital library; one introduces 

what skin cancer is and the other explains how to prevent skin cancer. Although both 
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videos contain the same term 'skin cancer', they have disparate contexts and address 

different questions. Using this approach, however, it will be very difficult to 

distinguish between those two videos when a searching keyword is "skin cancer." 

• Semantic Frame Based Approach 

In addition to visual, auditory, and textual cues, semantic features of tasks can also be 

used to create video indexes. In this approach, a structured content frame is created 

for each video clip as an index. A frame is a data object that plays a role similar to 

that of a record in a relational database. It often consists of a set of fields, usually 

called slots, that provides various semantic information of a video clip (Burke & 

Kass, 1995; Smoliar&Zhang, 1994). 

Burke and Kass (1995) developed an indexing scheme based on "Universal Indexing 

Frame" to retrieve video clips for presentation in a case-based teaching environment. 

They stored video clips of experts telling important stories and presented them to 

users facing similar situations. Authors thought that in order to retrieve a clip from a 

large body of stories, a case-based teacher should have labels for stories, which are in 

a representation language that encodes the features of important stories. As a result, 

an anomaly-based index frame was developed for video story indexing. Each frame 

contained slots such as "Anomaly", "Theme", "Goal", and "Plan" that explicitly 

represented the points of interest or anomalies in a video story. The advantage of this 

method is that the frame structure can capture the semantic meaning of video stories. 
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Its major limitation is that indexing frames have to be manually constructed by 

human indexers, which is very time-consuming. 

• Task-Model Based Approach 

This indexing method builds a task model for a collection of videos within a 

particular domain. A task is decomposed into multiple sub-tasks or sub-goals to 

generate a hierarchical structure, called a task model, for video indexing and retrieval 

(Johnson, Bimbaum, Bareiss, & Hinrichs, 2000; Marinelli & Stevens, 1998). For 

example, in order to train novice transportation planners, Johnson et al. (2000) 

developed a Trans-ASK system that contained 21 hours of video detailing 

experiences of United States Transportation Command personnel in planning for 

some operations such as Desert Shield and Desert Storm. The videos were segmented 

into a collection of video clips in which experts told "war stories" of their actual 

experience. In this system, a six-level hierarchy of objectives and targets was 

manually created, ranging from national security objectives down to individual 

targets. Video clips were indexed according to hierarchical questions in the task 

model. In other words, clips were directly associated with questions. 

There are some limitations of the task-model based approach. First, a task model is 

domain dependent and inflexible. Second, task models are primarily created by 

human experts, which is time consuming and inefficient. 



The reality is that, for applications such as interactive e-Leaming, users are mostly 

interested in querying and retrieving specific videos in terms of "what the video is about" 

rather than "what the video looks like" (Jiang & Elmagarmid, 1998). Basically, the 

attempts to automate video indexing based on semantic content is the challenge to 

automatically generate a semantic representation of video content and to measure the 

relevancy between a question and video content using that representation. Currently, 

most content-based video indexing and retrieval schemes rely on image processing and 

pattern recognition techniques. However, an instructional video such as a videotaped 

lecture or seminar mainly normally contains a talking head with little scene change. Few 

visual cues can be used to distinguish different content or topics in the lecture. Therefore, 

we need to explore a novel approach to video indexing and retrieval for instructional 

videos. 

2.4 Intelligent Tutoring 

Students who take part in e-Leaming differ greatly in their goals, professional 

backgrounds, interests, and knowledge of a subject matter. It has been widely recognized, 

that one of the primary disadvantages of traditional distance learning via the Internet is 

the inability to tailor learning material to meet individual needs (Brusilovsky, 1998). 

Thus, seeking solutions that can dynamically adjust learning guidance and strategies is 

highly desirable. An e-Leaming environment should provide suitable levels of control or 

guidance to leamers (Hammond et al., 1995). Keeping track of leamers' leaming 

progress can facilitate presentation of an appropriate level of material or to skip some 



53 

content that learners have already mastered (Atolagbe & Simtutor, 1997). This allows 

education and training to be effectively managed and appropriately tailored to individual 

needs. 

Consequently, a module that can keep track of individuals' learning progress is very 

helpful. Assessment of a learner's progress in an e-Leaming environment can be 

achieved by establishing a dynamic, personalized learning model or profile that contains 

his/her learning history (Whitehurst, Powell, & Lzatt, 1998). Artificial intelligence 

technologies provide various useful methods to achieve such a goal of adaptive education 

without human instructors. Among them, intelligent tutoring is one of the most 

commonly used methods. 

The objective of intelligent tutoring research is to provide a new plateau of instructional 

capability by integrating artificial intelligence into computerized learning systems that 

feature the equivalent of an online human tutor (Taylor & Siemer, 1996). An intelligent 

tutoring system (ITS), first must know the subject matter well enough to be able to draw 

inferences or solve problems in a domain. Second, it must be able to deduce an 

approximation of the learner's domain knowledge. Third, it must be able to utilize 

tutorial strategies to reduce the difference between experts and learner performances. 

Therefore, an ITS involves three types of knowledge — domain expert knowledge, 

student knowledge, and instructional (tutoring) knowledge — to build an "intelligent 

tutor" (Bums & Capps, 1988). These three types of knowledge are employed to provide 
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leamer-centered tutoring, i.e. the adaptation of the tutoring process to learners' needs and 

preferences. Accordingly, in a typical ITS architecture, there are three models: 1) domain 

model, representing expert knowledge; 2) student model, containing information about 

students; and 3) tutor model, containing pedagogical strategies. 

There has been intensive research in intelligent tutoring (Conati & VanLehn, 1999; 

Fitsilis, Kameas, & Pintelas, 1996; Gertner, Conati, & VanLehn, 1998; Murray & 

Vanlehn, 2000; Negnevitsky, 1998; Woolf, 1996). Roselli (1995) introduced an ITS that 

was embedded in a Prolog learning environment. It included a tutoring component that 

controlled and evaluated learning performance in a transparent fashion to dynamically 

reconfigure the accessible material. This intelligent tutor not only provided the correct 

answers to the exercise proposed by the system, but also encouraged students to explore a 

variety of possible answers. It used sound, graphics, animation, and explanation to 

respond to learners' needs. The system included several main functional blocks: domain 

representation, a student model consisting of data related to students' actions, the student 

interface, a laboratory module, and a tutor model to determine the next step. 

Andes is an ITS for Newtonian physics (Gertner et al., 1998). It uses a method of 

teaching cognitive skills in which the tutor and students collaborate to solve problems. 

When students stumble, the tutor helps them overcome the impasse by providing hints 

that lead the students back to the correct solution path. The most important component of 

its student model is a Bayesian network that is constructed and updated by the Assessor, 
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and gives probabilistic estimates of students' goals, beliefs, and knowledge. The student 

model also contains information about what problems a student has worked on, what 

interface features s/he has used, and so on. Andes' Procedural Helper uses templates to 

generate hints. 

An intelligent multimedia tutoring system incorporating semantic-content based 

modeling utilized video clips as instructions (Agius & Angelides, 1999). Clips were 

stored in a database. The term multimedia semantics referred to the meaning depicted 

within videos and audios. The domain model developed was syntactic m-frames, while 

the student model contained mistaken semantic m-frames. 

ITS can support distance learning courses in many ways. They can facilitate learning and 

be adapted to the learning speed and cognitive styles of students (Vinaja & Raisinghani, 

2001). In the past few years, a number of Web-based educational systems have integrated 

intelligent tutoring technology (Brusilovsky, Ritter, & Schwarz, 1997; Brusilovsky, 

Schwartz, & Weber, 1996; Najjar, Thompson, & Ockerman, 1999; Tokuda & Chen, 

2001). ELM-ART was a Web-based ITS that served as an online intelligent textbook to 

teach an introductory LISP course at the University of Tier (Brusilovsky et al., 1996). It 

utilized a user model and adaptive presentation and navigation, but having only text 

material may not be as efficient as using multimedia content while teaching some 

descriptive concepts. MANIC was a project that used multimedia technology to deliver 

stored course material such as class notes/overheads and audio/video of classroom 
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lectures to students over the Internet (Stem, J., Lee, Padhye, & Kurose, 1997). It adopted 

multimedia material, but did not have efficient user model and navigation control. 

Shang et al. (2001) presented an intelligent agent-assisted system to support a student-

centered, self-paced, and interactive learning environment. The system provides a rich set 

of online content, and customizes the learning process to the needs of individual students, 

making use of information in students' profiles, such as learning style and background 

knowledge, to select, organize, and present learning material to support active learning. 

The system supports its personalized interaction with students, enabling adaptive delivery 

of educational content and facilitating automatic evaluation of learning outcome. A 

distributed multi-agent system incorporates personalized agents for each student, teaching 

agents as tutors, and course agents as mediators. 

In order to enable the involvement of students in a more active learning style, a number 

of recent ITS systems use dialog in intelligent tutoring (Freedman, Rose, Ringenberg, & 

VanLehn, 2000; Tokuda & Chen, 2001). The dialog can include both natural language 

and GUI actions and usually has a natural language processing component built into an 

intelligent tutor, which is used to interpret students' responses and generate follow-up 

dialogs. Person et al. (2001) introduced an intelligent tutoring system called AutoTutor, 

which was an animated pedagogical agent that would participate in a natural-language 

conversation with learners while simulating dialog techniques that are frequently used by 

human tutors. AutoTutor aimed to help college students learn about topics in introductory 



computer literacy courses by conducting a continuous multi-turn tutorial dialog with 

learners by means of synthesized speech, facial expressions, and gestures. 
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3. VIRTUAL MENTOR AND MEDIA STRUCTURALIZATION THEORY 

3.1 Virtual Mentor 

Our research is influenced by our belief in the notion of constructivist learning theory that 

best describes how learning takes place. According to the important assumptions of this 

theory, learners actively construct their own knowledge based on prior knowledge and 

experience brought to bear on the learning task (Kanuka & Anderson, 1998; Tsay, 

Morgan, & Quick, 2000). Learning is an active process, conducted in a self-directed 

fashion rather than a passive one. Constructivism favors processes over the products; 

guided knowledge discovery over expository learning; and authentic embedded learning 

situations over abstracted, artificial ones. Many educators have adopted constructivist 

learning theory in developing learning environments. Technology aided learning provides 

many opportunities for constructivist learning by providing and supporting resource-rich, 

student-centered settings and by enabling interactive learning to be related to context. 

Web-based education supported by the constructivist theory enables learners to engage in 

interactive, creative, and collaborative activities that encourage knowledge construction. 

If learners are empowered to determine what to construct or create, they are more likely 

to be personally engaged and invested in learning activities (Shang et al., 2001). 

The most critical elements for effective learning appear to be content, learning activities 

and process control (determining how learners engage with instructional material and the 

form of knowledge construction), and learning support (Oliver, 1999). It has been 

illustrated in previous chapters that some multimedia-based learning systems are used 
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simply as an alternative delivery device for distance learning. Among their various 

limitations, lack of interactivity and flexibility can hinder learner engagement and 

improvement of learning effectiveness. Since individual learners may have different 

learning goals or interests. It is efficient to have multimedia instructions tailored to meet 

individual needs. Consequently, non-linear, interactive learning process is highly 

desirable. Multimedia instruction, especially through videos, has become very attractive 

and widely used in online learning because more information cues can be carried to 

learners and motivation is greater than that of less enriched media such as text. 

Instructional videos allow people to learn through both verbal and visual means, to view 

actual objects and realistic scenes, to see sequences in motion, and to listen to narration 

and other sounds. On the other hand, most videos are unstructured, which does not allow 

random access and makes content searching an inefficient linear process. In addition, 

since it is difficult to skip a portion of a video, the lack of structure of multimedia 

instructional content limits the flexibility and interactivity of multimedia-based learning 

environments. 

Our goal is to eliminate or reduce those limitations by creating an online learning 

environment that not only provides learners with a rich knowledge repository of texts, 

audio and video sequences, presentation slides, and images, etc., but also has the 

capability to undertake interactive learning in which resources can be interrogated and 

interconnected for particular purposes. Therefore, we introduce a new concept called 

"Virtual Mentor (VM)". 
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The VM is a multimedia-based e-Learning environment presenting well-structured 

multimedia instructions including videos in an interactive manner (Figure 4). This 

environment, as a whole, serves as an online virtual instructor. The concept of VM 

consists of following principles: 

1) A VM is multimedia-integrated. It captures experts' knowledge/wisdom on videos 

of interviews or lectures, and presents them to learners with associated material in 

various media. 

2) A VM enables just-in-time knowledge acquisition. It enables learners to access 

knowledge at any time via the Internet. 

3) A VM is interactive. Learning is a knowledge acquisition process through 

continuous interaction between e-Leamers and a VM. Interactivity is considered an 

important characteristic in the adoption and use of technologies for distance education 

(Mclsaac & Gunawardena, 1996; Metros, 2001; Wagner, 1997). Learners are able to 

ask a VM questions and get answers from it in real-time. 

4) A VM is self-directed. Self-directivity in a VM describes a leamer-centered process 

in which a learner takes initiative and responsibility to determine his/her learning 

needs and chooses personal learning strategies. 

5) A VM is flexible. A VM provides e-Learners with flexible control over learning 

process, style, and content. Learners can randomly access learning material, or skip 

content they already know or are not interested in. They are enabled to explore 

knowledge in a non-linear and flexible fashion. 
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6) A VM has intelligence. It is able to keep track of individuals' learning progress and 

provide personalized tutoring. 

Web-based 

Multimedia-Instruction 
Integrated 

Interactive, Flexible 
& Self-directed 

Virtual 
Mentor 

E-Leaming 

Distance 
Learning 

Multimedia-Based 
e-Leaming 

Figure 4. E-Leaming vs. Virtual Mentor 

A virtual mentor reduces the limitations associated with linear video communication by 

giving learners process control and by being actively responsive to performance. Learners 

are given an escape from linear learning process and freedom to use learning material in 

any way they want. Such capabilities were not previously available with television 

programs and videotapes. In our current definition, the VM provides learners with two 

primary capabilities in an online learning environment. One is learning by asking 

questions. Imagine there is a substantial Web knowledge repository containing video and 

other multimedia instructions on many topics. It would be a daunting task for a learner to 

navigate all the videos in the repository in order to locate knowledge of interest to 

him/her. Even if he/she knows which instructional video contains relevant information, it 
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may still take a couple of hours to browse the video to find it. We therefore intend to 

simulate a real-world scenario by enabling learners to ask questions to the VM and 

receive appropriate instructions immediately, as if a conversational mentoring were 

taking place in real-time. 

The other capability is learning through a multimedia interactive e-Classroom. The e-

Classroom in the VM creates an online environment similar to a traditional classroom - it 

presents integrated video, PowerPoint slides, and lecture notes in such an interactive and 

familiar way that e-Leamers can grasp knowledge based on their individual backgrounds 

and needs. The multimedia content of an online lecture is well structured and 

synchronized. Learners can watch it at their own pace and emphasis. The e-Classroom 

allows students to watch a lecture videotaped during an earlier talk without loss of any 

information. 

3.2 Media StructuRalization Theory 

We propose a theoretical framework called Media StructuRalization Theory (MSRT), 

which is initiated to identify influential factors that have impact on effectiveness of a 

virtual mentor. Effectiveness can be assessed by different measures such as students' 

learning performance (e.g. grades and recall), satisfaction, and self-efficacy. It aims to 

facilitate the design of interactive VM systems. 
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The development of the MSRT extends relevant propositions in the MRT, accommodates 

the findings from previous research, and integrates basic ideas of constructivist learning 

theory, which emphasizes that a learner should take control of the learning process and 

proactively construct knowledge for him/herself (Belanger & Jordan, 2000; Merrill, 

1991; Simons, 1992). Therefore, the MSRT incorporates the following factors that can 

influence effectiveness of virtual mentor systems: media characteristics, technology, 

learning process control, learner characteristics, and learning material (Figure 5). All of 

these factors can affect learning effectiveness and lead to different degrees of knowledge 

construction. 

Media Characteristics 
e.g. Information Cues 

Rehearsability 
Content Structuring 

Technology 
e.g. Reliability 

Ease-of-Use 
Collaboration 
Presentation 

Effectiveness of 
Multimedia-Based 

e-Learning 

Learning Process 
Control 

e.g. On-demand 
Self-pace 

Sequence 
Interactivity 

Learner Characteristics Learning Material 
e.g. Procedural /Descriptive 

Disciplines 
e.g. Learning Style 

Computer 
Experience 
Learning Capability 
Culture 

Figure 5. The MSRT for Virtual Mentor Systems 
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In general, the MSRT embodies a generic multimedia-based e-Leaming theory, and is 

applicable to other types of computer-mediated communication systems as well. It is 

useful to both researchers investigating effectiveness of multimedia-based e-Leaming and 

software engineers designing and implementing VM systems. The MSRT consists of 

following factors; 

1) Media characteristics 

Previous research on media effects has mainly focused on factors such as task variety 

and media characteristics (Chapman et al., 1999; Dennis & Kinney, 1998; Yu, Kim, 

& Roh, 2001). Results have showed that media type influences learning tasks. 

Different types of media have different richness of information cues and 

rehearsability that can affect the probable effectiveness of knowledge transfer. This is 

an extension from media richness theory (Daft & Lengel, 1986). Research on media 

utilization indicates that no single medium is universally superior to all others for all 

learners (Gredler, 2001). 

Multiplicity of information cues refers to the number of ways in which information 

can be communicated. For example, some media may be more suitable than others for 

use to illustrate complicated content, or vice versa. Rehearsability is the extent to 

which a medium enables an information sender to run through or fine-tune the 

message before delivering it. Proper structuring of multimedia instructions based on 

content (Content structuring) increases learner-content interactivity, thus improving 

learning effectiveness (Hammond et al., 1995; Weston & Barker, 2001). It enables 
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efficient integration and synchronization of instructions in different media. So far, 

there has been little research investigating the impact of multimedia content 

structuring on learning effectiveness. 

2) Technology 

The role of information technology (IT) is to provide enhanced capabilities for 

execution of instructional strategies and to enable personalized learning methods. 

Instructional strategy refers to methods and models for presenting, sequencing, and 

synthesizing subject-matter content (Reigeluth, Bunderson, & Merrill, 1994). 

According to these authors, synthesizing refers to establishing relationships among 

varied subject-matters. In a virtual mentor setting, technologies enable multimedia 

instructions to be well correlated and synthesized, and to be presented in a cohesive 

manner that makes learners feel comfortable. 

IT researchers have focused on the influence of information technology on 

instructional strategy and learning outcomes in virtual learning environments (Alavi 

& Leidner, 2001). Technology reliability and ease-of-use are important determinants 

of learning effectiveness, particularly learners' affective reaction to learning 

experience (Hiltz, 1993). Students also may encounter computer communication 

difficulties. While technology itself does not determine learning outcomes, it fosters 

significantly different learning environments (Piccoli el al., 2001). In addition, 

technologies help build necessary tools to facilitate learning. For example, an 
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embedded online discussion forum allows e-Leamers to collaborate, exchange ideas, 

or share their understanding of knowledge. Students who have had higher levels of 

interaction with classmates in online classes have reported higher perceived learning 

(Fredericksen, Pickett, Shea, & Pelz, 2000). 

3) Learning process control 

Learning process control is the degree of discretion with which learners can control 

the learning pace, instructional content, and sequence of presentation of instructional 

material in a learning environment (Milheim & Martin, 1991). A high degree of 

process control can positively impact the effectiveness of knowledge transfer and lead 

to better learning performance and self-satisfaction (Merrill, 1994). The higher 

interactivity an online learning environment provides, the better learning performance 

can be achieved (Chou, 2001; Northrup, 2001). Studies also show that learner 

engagement is higher for interactive multimedia-mediated training than training with 

passive multimedia content (Chapman et al., 1999). Learners should also be allowed 

to control their own learning pace (be self-paced), which is consistent with the 

principles of constructivist learning theory. 

4) Learner characteristics 

Learners are primary participants in any learning environment. Characteristics of 

learners, such as computer experience, learning capability, motivation, degree of 

effort, and preferred learning style, have been shown to correlate positively with 
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learning outcomes in asynchronous distance learning environments (Alavi & Leidner, 

2001). A number of studies have found that personal characteristics such as 

demographic features and Web experience influenced learning performance 

(Arbaugh, 2000; Gefen & Straub, 1997; Odom & PourJalaii, 1996; Ross, Crane, & 

Robertson, 1995; Smith & Smith, 1999; Yu et al., 2001). Individuals who are 

comfortable with technology and have positive attitudes toward it will thrive due to 

low levels of anxiety and probable excitement with the learning environment (Piccoli 

et al., 2001). P. Smith and S. Smith (1999) investigated the impact of culture on 

learning. They found that compared with Australian students, Chinese students had 

different learning styles and achieved higher performance. Kumar et al. (2001) 

reported that females in their study had a negative perception of computer-based 

technology and preferred traditional learning methods. A higher percentage of 

undergraduate students (39.57%) than graduate students (23.07%) responded 

positively to computer-mediated learning. 

Learner characteristics should therefore be taken into consideration while designing 

and implementing virtual mentor systems. Learner capability can restrict or enhance 

learning effectiveness, and motivation and maturity of learners will determine their 

learning attitudes. Less motivated learners tend to suffer in an e-Leaming 

environment (Hiltz, 1993). Learning styles are characteristic cognitive, affective, and 

physiological behaviors that serve as relatively stable indicators of how learners 

perceive, interact with, and respond to the learning environment (Keefe, 1979). Some 
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people iearn better by listening to teachers, some by discussion, others by reading 

textual instructions on their own, etc. An effective learning environment should be 

adaptable to different learning styles. 

5) Learning material 

Because of its novelty, virtual learning continues to be associated with considerable 

uncertainty regarding the types of subject matter and content of learning material best 

suited to delivery over the Internet (Piccoli et al., 2001). Not all kinds are effective 

and suitable for learning on the Internet. The features of knowledge content being 

transferred can have a strong impact on learning effectiveness. We presume that 1) 

whether instructional content is procedural or descriptive can have an impact on 

learning effectiveness. For example, some research has revealed that multimedia-

based learning is more effective with procedural knowledge than with descriptive 

topics (Large, Beheshti, Breuleux, & Renaud, 1994), and 2) multimedia instructions 

in different disciplines may have different levels of appropriateness for online 

learning. Material in certain disciplines may be easier and more efficiently grasped in 

a virtual mentor than that in others. Since Internet technologies promote 

communication and interaction, they can be effectively used to build conceptual 

knowledge if a constructivist learning model is followed (Leidner & Jarvenpaa, 

1995). 
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In this research, we have developed a prototype system of VM called Learning By 

Asking (LBA), based on the MSRT. Then, we principally focus on the validation of a few 

propositions of MSRT regarding content structuring and presentation of multimedia 

instructions using LBA. We will look into other propositions in the future. 

3.3 Research Questions and Methodology 

We are interested in addressing two major research questions in this dissertation work: 

1) Does structuring multimedia instructions make any significant difference in 

learning achievement and learner satisfaction in a virtual mentor? 

2) How to effectively perform content-based indexing and retrieval for instructional 

videos in a virtual mentor? 

In order to answer the first question, we use a methodology that consists of three 

components shown in Figure 6. After we constructed the MSRT theoretical framework, 

we developed a prototype VM system (LBA) based upon it that consists of multiple 

stages: concept design, constructing the system architecture, prototyping, and technology 

transfer (Nunamaker, 1992). In the implementation, we specifically focused on two 

problems: how to present multimedia content in a virtual mentor, and how to retrieve 

relevant instructional videos whose content meets learners' knowledge needs. Finally, we 

conducted lab experiments to validate hypotheses of the MSRT using the LBA system. 

Experimental designs were guided by the framework and facilitated by LBA system 
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development. We can then refine the framework and improve the system according to 

findings from the empirical study, if it proves to be necessary. 

Theory 
Building 

The MSRT 
Framework 

System 
Development 

Validation / 
Evaluation 

LBA: A Prototype 
VM System 

Lab Experiments 

Figure 6. The Research Methodology 

The second question will be answered by proposing a novel natural language approach 

and comparing it in terms of precision and recall with a traditional keyword-based 

approach. 



71 

4. LEARNING BY ASKING (LBA) SYSTEM 

4.1 The Objectives of the LBA System 

Learning By Asking (LBA) is a research project funded by the Ford Foundation. Its 

original objective was to develop a prototype system of virtual mentor that enables 

efficient and flexible access to multimedia learning content, including videos, on the 

Internet. People learn by interacting with the virtual mentor. 

The idea behind the overall LBA system is demonstrated in Figure 7. First of all, we 

videotape some domain experts during their lectures or interviews that may take a couple 

of hours. The content of a video is likely to consist of many sub-topics in that domain of 

interest, varying from basic concepts to strategies and solutions, to potential applications, 

etc. We consider those videos as domain expert knowledge. The videos are then digitized 

and logically segmented into individual clips based on their content so that each clip 

focuses on a specific topic. Although a number of segmentation algorithms are available, 

content-based video segmentation still requires human assistance. In our research, we 

performed manual logical segmentation by identifying time boundaries of each clip in a 

video. A clip, which is relatively independent in meaning, is a stream of contiguous 

frames and is uniquely identified by its starting and ending time. The length of each video 

clip in our research normally lasted between 1 to 3 minutes. Those video clips were 

compressed and stored on a video-streaming server and were accessible via the Internet 

upon learner requests. 



72 

Captures the knowledge and 
wisdom of experts on video 

Logically segments the video into 
individual clips based on content 

Structuring 

Video 

Integration 

Video 

Slides 

Synchronization 

Learmng-On-Demand 

Just-in-time Acquisition of 
Knowledge 

Graphics 

Lecture 
Notes 

Figure 7. The LBA System 

Next, we created an integrated knowledge repository on a Web server, containing the 

metadata and links of video clips, as well as other multimedia materials such as 

PowerPoint slides and lecture notes in textual formats. In order to provide learners with 

the capability of content searching, a metadata library for videos was created on the Web 

server, containing various metadata about video clips such as titles, file sizes, names of 

speakers, keywords, starting/ending time, and content templates. Once the Web server 
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and video streaming server were installed, remote learners could access learning material 

from local computers to acquire knowledge in real-time. 

As a prototype of virtual mentor, the LBA system consists of two sub-systems: Asking a 

Question & Interactive E-Classroom (Figure 8). 
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Figure 8. The Overall System Architecture of LBA 

The 'Asking A Question' module allows learners to ask questions in conversational 

English. The system then identifies relevant video clips and learners can immediately 

play them on their computers. This module creates a real-time question-answering 

conversation between learners and the virtual mentor. An embedded intelligent learning 

assistant can provide personalized learning guidance. The e-Classroom, in which learners 
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can see the image of an instructor, listen to what s/he says, and read presentation slides 

and lecture notes simultaneously, is an online environment similar to a traditional 

classroom setting. The multimedia instructions are structured and synchronized based on 

content. The e-Classroom provides learners with flexible process control and increases 

learner-content interactivity. To facilitate communication and collaboration among 

learners/instructors, an online discussion forum is incorporated. 

4.2 Two Sub-systems 

4,2.1 Asking A Question 

How many of us, when we buy a new television, ever read the instruction brochure? How 

many of us ever bother to read the instruction manual for our computers? In fact, most of 

us skim the documentation and get started right away. On the other hand, we really hope 

that when we encounter a specific problem, we can obtain appropriate instructions 

immediately without having to browse the documentation for answers. This is the 

motivation behind the Asking A Question module in the LBA system. 

In this sub-system, a learner is able to ask LBA a question of interest to him/her. There 

are two ways to express a question — using either a Boolean keyword query or a 

question in conversational English. The question is sent to the Web server, on which the 

primary information processing and retrieval will take place. After question analysis, the 

system searches the video metadata library for the best match. In other words, video clips 

whose content is likely to answer the question will be identified and ranked based on 
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their relevance. Finally, the links of selected candidate clips, as well as other related 

material such as related presentation slides and lecture notes, will be delivered to 

learner's computer, where s/he can play any of those returned clips immediately by 

clicking the corresponding link. In the meanwhile, the system provides the learner 

follow-up suggestions based on his/her learning history (Figure 9). 
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Figure 9. The Procedure of Asking A Question In LBA 
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Instructional content in different media (video, text, and image, etc.) is presented to 

learners in a synchronized manner implemented via logical connections among items of 

the material stored in the repository. At any time, learners can choose either to replay a 

clip as many times as they want or to ask new questions and repeat above process (Zhang 

& Nunamaker, 2000). A few interfaces of this sub-system are shown in Figure 10. 

4.2.2 Interactive e-Classroom 

Lectures convey the core course material in a more easily digestible form than textbooks. 

They offer a framework that identifies the scope of material and lubricate the learning 

process that takes place later during private study. Students overwhelmingly demand the 

retention of live lectures (Barker & Benest, 1996), which raises a question: how can an 

online lecture that effectively present material and increase students' understanding and 

retention be offered? 

In a traditional classroom lecture, students can simultaneously see an instructor, watch 

PowerPoint slides or transparencies, and hear what the instructor is explaining. There is a 

need for an online classroom to have a similar level of synchronization of various online 

content (Benest, 1997; Latchman, Salzmann, Gil let, & Bouzekri, 1999). Therefore, we 

intend to create an e-Classroom in LBA that simulates the traditional classroom 

environment to which people have got used. It will enable learners to watch online 

lectures presented via synchronized video and audio of instructors, PowerPoint slides, 

and instructors' lecture notes on a single interface (Figure 11). Learning material in 



78 

different media is structured and synchronized according to content - while an 

instructional video is playing, the e-Classroom in the LBA system is always able to 

automatically display corresponding slides and lecture notes about the topic that the 

instructor is introducing in the video. 
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Figure 11. The Interface of the E-Classroom in LBA with Content Structuring and 
Synchronization 

In our study, content structuring was created at a slide level. If a subject does not 

intervene during a learning session, the whole lecture will automatically flow from the 

beginning to the end, slide by slide. However, various operations to control learning pace 
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and content can be activated at any time by pressing control buttons at the top of that 

interface. For example, learners can click the 'Next' button to skip the current video 

clip/slide/note if it is already understood or press the 'Prev' button to go back if they want 

to review the previous display. When a subject moves the mouse over the 'Content' 

button, a pull-down menu will show the content index of the current lecture. S/he can 

directly jump to a particular clip/slide/note part by clicking any sub-topic in the index. 

These buttons are designed to provide sufficient interactivity and flexibility to e-Leamers. 

The LBA system obtains appropriate time boundaries of a video clip from the database 

and dynamically generates a .smil file that is used by the RealSystem streaming server to 

gain access to the clip. 

4.3 Learning Assistant Module (LAM) 

For the Asking a Question sub-system of LBA, we developed an intelligent learning 

assistant module (LAM) that automatically generates dynamic and personalized learning 

guidance in the form of follow-up suggestions to learners after each question. 

Suggestions are produced based on learning history of individual learners including the 

questions they currently are asking and the ones they have asked before (Cao & Zhang, 

2001). For example, if a learner asks a question 'What is skin cancer?', the LBA system 

may prompt a follow-up suggestion such as 'Do you also want to know how to prevent 

skin cancer?'. The LAM works with the question understanding module in the LBA 

system to analyze questions in natural language. It includes a knowledge base that 

consists of three sub-components, namely an instructional case base, an instructional rule 
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base representing the teacher module, and a user profile representing the student module 

(Figure 12). 

Knowledge Base 
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Figure 12. The Architecture of the Learning Assistant Module In LB A 

The objective of the instructional case base is to store domain knowledge. In LBA, each 

video clip focuses on a specific subject and is viewed as a knowledge node in a domain 

knowledge network. Each clip can answer certain questions, so the association between 

two different questions or between a question and a clip can be viewed as a link in the 

knowledge network. The knowledge represented in video clips can be either declarative 

or descriptive, or both, which is sometimes difficult to express in explicit rules in rule-

based reasoning (Watson, 1997). Therefore, we applied the case base reasoning (CBR) 

technique to provide follow-up guidance. Each record in the case base consists of a 

question template that learners are likely to ask and related suggestions from a domain 

expert. The suggestions comprise a list of follow-up questions that might be interesting to 
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learners after the current question has been answered. When a learner asics a particular 

question, the LAM will search its case base and retrieve the most similar cases. It then 

reuses the identified cases to give individualized suggestions, which are adjusted 

according to previous learning history. 

The rules in the instructional rule base correspond teaching strategies. Suggestions 

retrieved from instructional case base are generic to learners. We built these instructional 

rules to operate on the facts coming from the case base and user profile. The general 

instruction case of a certain question based on the learning history is then revised. The 

instructional rules are represented by production rules. For example: 

Rule I 

IF person A asks B a question that exists in case C AND A is at level I (novice level) in 

this domain 

THEN/erc/i the suggestion! from case C 

Rule 2 

IF A has watched clip D before AND D is in suggest I 

THEN Remind A that he/she has viewed D before 

The user profile is a dynamic database that contains background, experience, and learning 

status of all learners. It can be defined as a representation of some characteristics and 
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attitudes of learners, which is useful for establishing adequate and individualized 

interaction established between a computational environment and learners (Miskelly, 

1998). Basic personal information such as usemames and passwords, demographic data, 

and individual interest is stored in a database when an e-Leamer registers for the LBA 

system. Records of previous learning history, including questions asked, video clips seen, 

and other relevant information, will be captured on the fly and stored in the database. 

4.4 Discussion Forum in LBA 

Collaborative learning serves as a way to create the feeling of an actual class or a 

community among a group of learners. It encourages knowledge construction in an 

environment where students share understanding, which makes learning an immediate, 

challenging, and engaging activity (Bruckman, 2002; Hiltz & Turoff, 2002; McAlpine, 

2000). Substantial research has shown that groupware-supported collaborative learning 

promotes class discussion, facilitates brainstorming and negotiation, and leads to more 

student involvement, superior performance, and greater participation and productivity 

than individual learning. Results from empirical studies reveal that, in general, students' 

affective reactions to a computer-mediated collaborative learning process are more 

positive than to manual collaborative learning process (Did not use Group Support 

Systems) (Alavi, 1994; Nunamaker, Briggs, Mittleman, Vogel, & A., 1996). 

Furthermore, learners' exposure to alternative points of view can challenge their initial 

understanding and thus motivate learning (Glaser & Bassok, 1989). 
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Incorporating a new generation of communication and collaboration tools can enhance 

the effectiveness of e-Leaming. These tools and technologies are geared toward 

knowledge sharing and group discussion. They bring distinct benefits to both instructors 

and learners. Instructors benefit from sharing new resources and discussing issues with 

other instructors virtually across the globe. Collaboration can also facilitate learners' 

perception of being involved in a learning community, of gaining better understanding of 

problems by sharing individual expertise and experience, and of exchanging viewpoints 

or perspectives with others (Chou & Sun, 1996). 

A variety of collaboration tools can be used on the Internet. Some of them are electronic 

bulletin board, online chat room, newsgroup, NetMeeting, and Web-based 

GroupSystems. Currently, text-based online collaboration tools are in widespread use for 

supporting online learning although it is fully recognized that new tools supporting 

multimedia material are in great demand by online learning systems (Schreiber & Berge, 

1998). 

A text-based online discussion forum, as shown in Figure 13, is integrated into LBA to 

enable learners to exchange ideas or to post comments/questions regarding subject matter 

that can be answered by either their peers or real experts. Messages are grouped by 

subject matters. Messages are grouped by subject matter, and when learners watch an 

instructional video, they can always click the 'Forum' button at the top of the interface to 
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view all comments relevant to that video, displayed in an order based on when the 

comments were made, starting from the most recent one. 
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Figure 13. The Online Discussion Forum in LBA 

4.5 System Development 

4.5.1 A thin client 

As an ease-of-use system, LBA only requires a thin-client — remotely located learners 

only need a Web browser (such as Internet Explorer), a RealPlayer from RealNetworks 

that is available on the Internet for free download, and a sound card installed on his/her 

computer. Learners are able to ask LBA questions in everyday English and to watch 

relevant video clips retrieved by the system for answers to those questions, or watch 

online lectures with synchronized video instructions, PowerPoint slides, and lecture 
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notes. There is no need to install any other hardware or software on learners' computers. 

4.5.2 Web server 

Primary information processing, including question understanding, content retrieval, and 

generation of packaged material, is conducted on the Web Server. The current LBA 

system uses Apache on a Gateway dual Pentium III 800MHZ server as its Web server. 

The operating system is Red Hat Linux 7.1. Since the LBA system accepts natural 

language queries, we also have installed a commercial natural language processing 

software called iSkim on this server to parse questions and analyze video-associated text. 

We developed Java Servlet programs to deliver learning material to learners. Multimedia 

content, such as metadata of videos, PowerPoint slides, and keywords in the lectures, are 

stored in a MYSQL database, which is accessed by Java Servlet programs via JDBC 

(Java Database Connectivity). 

MYSQL (http://mysql.com) is the world's most popular open source relational database. 

We choose it because it provides what LBA needs and is free for download. There are 

more than 20 tables in the current LBA database (Figure 14). They contain different 

information. 

http://mysql.com
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Some of the tables are as follows: 

• User table: keeps login information and demographic data on all users. 

• Belong_To table: each user is assigned (belongs) to one or more groups. 

• User_Group table: contains information about the system layout mode for each user 

group. 

• Privilege table: specifies access privilege of each group to different domain 

knowledge. 

• Clip table: contains metadata about each individual video clip, such as clip ID, starting 

time and ending time, title, speaker, and transcription/lecture notes of a clip, etc. 

• Slide table: provides links (the directories and files names) of each PowerPoint slide. 

When a learner's request is received by the Web server, the Java Servlet program 

accesses the database to determine all the relevant multimedia instructions. It then 

packages them together, generates an HTML page, and delivers it to the learner. 

4.5.3 Video segmentation 

In order to provide structural support to video content and make the virtual mentor more 

interactive, it is a common practice to partition a digital video logically into small pieces 

(video clips). Indexing schemes are then carried out on the segments (Pradhan, Tajima, & 

Tanaka, 1999). We also use this approach in LBA. 
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There has been extensive research on automatic video segmentation. A variety of 

segmentation schemes have been developed. However, automatic segmentation is still in 

an early stage. Some human intervention and adjustment are still needed. Segmentation 

algorithms use various methods based on input from multimedia streams (audio, video, 

and closed captions) (Boreczky, Girgensohn, Golovchinsky, & Uchihashi, 2000; Boykin 

& Merlino, 2(X)0; Chiu, Girgensohn, Polak, Rieffel, & Wilcox, 2000; Javed, Khan, 

Rasheed, & Shah, 2000; Nang, Hong, & Dim, 1999). 

The most commonly used method of segmenting a video relies on algorithms for shot-

boundary detection. Wactlar, Christel, and Hauptmann (1995) used color histogram 

distance computation between successive images to detect shot change. Zhang and 

Smoliar (1994) proposed a method for progressive transition detection by combining 

motion and statistical analysis. In addition to image features, some other clues in videos 

such as text and audio also are used for segmentation. Li et al. (1996) developed a two-

step segmentation algorithm in the VISION (Video Indexing for Searching Over 

Networks) project that integrated results from both audio and image analysis. Toklu et al. 

(2000) segmented video into stories based on the keywords in the closed-captioned text. 

Machine learning techniques are applied to video segmentation as well (Boykin & 

Merlino, 2000; Chiu et al., 2000; Huang, Liu, & Wang, 2000). For example, Boykin and 

Merlino (2000) used Hidden Markov Model (HMM) to perform event segmentation in 
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TV broadcasting news. Chiu et al. (2000) introduced a genetic segmentation algorithm 

for video. 

Most state-of-the-art video segmentation algorithms have been developed to process 

television news reports for news-on-demand or video-on-demand. Unfortunately, the 

image and audio cues on which those algorithms rely are not always available in an 

instructional video, which normally contains a talking head with little background and 

speaker change. Consequently, the existing algorithms for automatic video segmentation 

are not suitable in our case. Furthermore, video segmentation is not the current focus of 

this research. We manually segmented all the instructional videos used in this study by 

simply determining time boundaries (time stamps) of logical clips based on their content. 

Each clip, as a portion of an entire video, has a unique starting time and an ending time. 

Finally, we stored the time stamps in a table. In the future, we propose to develop a novel 

approach to instructional video segmentation. 

4.5.4 Video processing and streaming 

After videotaping a lecture or an interview, we process videos on an Apple G4 computer 

through the following steps (Figure 15): 

Digital 
Video 

.rm Edit Capture Export Compress 

Figure 15. Video Processing 
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Step 1. We capture a video from a digital camcorder to a computer through a FireWire. If 

the video is analog, we need to convert it to digital in advance. 

Step 2. Next, we use a software package called Final Cut Pro (Apple Computer, Inc.) to 

edit a video. Basically, we browse videos to determine the time boundaries of 

individual clips and make minor changes to video content, if necessary. 

Step 3. The software then exports the edited video and generates a file in QuickTime 

format (.mov). 

Step 4. Since the size of an original video is normally very large, and videos will be 

transmitted over the Internet, appropriate video compression is required. In LBA, 

we used a software called Media Cleaner (Apple Computer, Inc.) to compress a 

video and set up video streaming parameters. 

Step 5. Generates a video file in RealPlayer format (.rm). Normally, the size of a one-

hour video in this format is about 80MB after compression. 

We use RealSystem Server from RealNetworks (http://www.realnetworks.com) as the 

video streaming server in LBA. There are two other commonly used commercial video 

streaming servers available: QuickTime Streaming Server from Apple Computer, Inc. 

and Windows Media Streaming Server from Microsoft Co. Media streaming content for 

an online lecture can be created at three different levels: audio only, audio and graphics, 

and audio and video. Along this continuum, complexity and requirements for system and 

network bandwidth increase exponentially. As mentioned before, we intend to segment a 

video logically by identifying starting and ending time of each clip instead of physically 

http://www.realnetworks.com
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separating them into many smaller video files. In this way we can maintain and locate 

video clips in a more efficient manner. We selected RealSystem Server 7.0 because it 

provides a very easy way to enable random access to any particular point in a video, and 

it is platform-independent. It is free for download. Although it allows only 25 

simultaneous users, it is adequate for the current needs of this research project. 

When a relevant clip is identified, the LBA system obtains its time boundaries from the 

relevant table and dynamically generates a .smil file that will be used by the RealSystem 

streaming server to retrieve the corresponding video clip. An example of .smil file is as 

follows; 

<smil> 

<body> 

<video src="rtsp://videodemo.cmi.arizona.edu:554/ramgen/online.rm" 

clip-begin= "1093s" clip-end="l 182s" /> 

<:/body> 

</smil> 

A .smil file has HTML-like syntax, containing the name and location of a video, as well 

as the starting time and ending time of a video clip. 

4.6 Security 

Knowledge is an intellectual property. In the VM, knowledge is accessed by individual 

learners, so security becomes essential and complex, and must be addressed properly. 

The VM must be secure enough against malicious access or misuse of data in order to 



92 

protect the privacy of learners. The system should be able to support verification of 

authorized users and to support creation and management of learners' accounts. 

In LBA, we create a unique account for each individual user. User names and passwords 

are stored in a table on the Web server. When a user tries to log onto the LBA system, 

his/her login information will be sent to the Web server for verification. 

4.7 Potential Applications of Virtual Mentor 

A VM can be applied to a large variety of applications, especially to those where both 

visual and auditory information are desired, such as knowledge management, distance 

education, remote software technical support, online workforce training, and healthcare 

consultation. A typical example is on-the-job workforce training. Traditionally, 

employees in a company have to leave their duty, travel to a designated place, and stay 

there for a few days to obtain training. From a financial point of view, in addition to high 

travel cost, this type of centralized training can result in losing business because 

employees are away from their offices during training. From a knowledge management 

perspective, such a pattern does not manage and reuse a company's knowledge (e.g. 

training material) in an efficient way. Some training offered via a VM like LBA, which 

enables individual training at any place whenever it is needed, would be more cost and 

time effective. 
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Remote technical support and healthcare consultation are also potential applications of 

virtual mentor. For example, when people confronting a health problem need information 

about their condition, a virtual mentor can help them obtain information through real

time interaction with virtual professionals. 
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5. A NATURAL LANGUAGE APPROACH TO CONTENT-BASED VIDEO 

INDEXING AND RETRIEVAL 

5.1 Video Indexing and Retrieval in LBA 

5.1.1 Natural language queries for video retrieval 

The LBA system aims at enabling users to ask questions either through keywords or in 

conversational English via a Web interface that allows them to watch a list of retrieved 

instructional video clips that are likely to contain answers. 

A good information retrieval system must be able to locate information that is salient to 

user's needs and to ignore the irrelevant pieces. A user often frames a query in one of two 

forms — either as a question in everyday English or as a list of interested terms 

(keywords). Currently, most search engines use traditional keyword (Boolean query) 

searching in which each document usually is represented by a vector of weighted terms 

that are either words or phrases (Vector Space Model) (Rijsbergen, 1979). The standard 

version of term weighting is TF*IDF (Salton, 1971). TF refers to the occurrence 

frequency of a term r in a document, and IDF is the Inverse Document Frequency 

represented by log2(N/n), where N is the number of documents in the collection and n is 

the number of documents in which t appears. The queries are expressed in index terms (or 

keywords) combined by the usual logical connectives AND, OR, and NOT. A Boolean 

searching strategy retrieves documents that are 'true' for the query. It basically looks for 

occurrence of the queried term(s) in documents and lists those containing the term(s). 
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In LBA, when a user selects keyword search, the system uses TF*IDF values of 

keywords to determine the relevancy of a clip to a query directly. For example, assuming 

a query contains three keywords: A, B, and C. We first derive the TF*IDF weights of 

each keyword in each document (clip transcript). Then, we sum those weights together to 

get a total weight value for this document. When we rank clips based on their relevance 

to the query, the clips that contain all three keywords rank higher than those containing 

only two keywords, which rank higher than those containing only one keyword. Clips 

that have the same number of keywords are ranked according to their summed total 

weight values. The larger the total weight, the higher the relevance rank will be. If an 

original keyword is not found, the first three synonyms of that word from WordNet will 

be added to the query, if available. WordNet is an online database that provides rich 

lexical information (http://www.cogsci.princeton.edu/~wn/). 

Although a Boolean query seems simple, it presents ambiguity problems that may lead to 

poor IR performance: 

• Synonym 

The same concept can be expressed in many different words and phrases. For 

example, the words "theft," "larceny," "stealing," and "burglary" are synonyms. 

Some relevant documents will be missed out if they contain only synonyms of 

keywords instead of the words themselves. 

• Polysemy 

A word may have multiple meanings. Ambiguity is generated when we examine 

http://www.cogsci.princeton.edu/~wn/
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words outside their context. Even if a document contains exactly the same keyword as 

the query, the two usages may have disparate meanings. 

Keyword preference 

Even if users prefer to list all the keywords in a query, they may have clear, but 

unstated, preferences among them. 

Inability of specifying needs 

Under certain circumstances, users might find it very difficult to formulate a 

keyword-query to express their interests clearly. 

False drops 

Many search engines retrieve information without understanding its meaning — they 

just compare keywords in a query with documents to look for the exact match. 

Lack of context 

Each word within a document has some specific context that determines its meaning. 

However, it is not the case in a keyword-based query. 

Long list of indexing words 

Some individual words are good indexing terms only when they appear in phrases. 

Therefore, when an information system tries to obtain indexing terms from a 

document, it has to consider every possible combination of neighboring words to be a 

potential candidate, no matter what those words are, because the system treats every 

phrase just as a symbol. As a result, it will generate a long list of indexing terms, 

many of them not legal phrases at all. This can cause inefficient storage and 

searching. 
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Researchers have done extensive studies on how to improve keyword-based retrieval. For 

instance, two of the most commonly used methods of query expansion utilize user 

profiles and relevance feedback. In LBA, we use synonym set in WordNet to expand a 

query. 

Natural language queries have two primary advantages over keyword queries: 1) they are 

more expressive than keywords, so users find it easier to specify their information needs, 

and 2) they provide more context for terms than keyword queries, which reduces the 

vagueness of users' interest. In the past few years, there has been much research in the 

question-answering area (Litkowski, 2000; Strzalkowski et al., 1999). Many of such 

information retrieval systems as AskJeeves (http://askjeeves.com/). Synthetic Interviews 

(Marinelli & Stevens, 1998), FAQ Finder (Burke et al., 1997), and the START system from 

MIT (http://www.ai.mit.edu/projects/infolab/) accept natural language queries. 

5.1.2 Objectives 

Currently, we are primarily interested in addressing following research questions related 

to video indexing and retrieval: 

1) How to understand a natural language question? 

2) How to represent the semantic content of an instructional video clip? 

3) How to measure the relevance between a question and video clips for content-

based retrieval? 

http://askjeeves.com/
http://www.ai.mit.edu/projects/infolab/
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Since we mainly deal with interview or lecture videos with few scene changes, 

commonly used indexing schemes based on visual features are not appropriate. Task-

model and auditory-feature based approaches fail to meet our needs as they are either 

domain dependent or too sophisticated. Transcribed text or lecture notes are the major 

sources of information about video content. CMU's Informedia Digital Video Library 

project employed a keyword-based search engine that used keyword spotting, stop words, 

word stemming and TF*IDF term weighting to search video transcriptions to retrieve 

relevant videos (Wactlar, Hauptmann, & Witbrock, 2000). Their searching scheme 

requires a user to specify keywords of interest. However, it analyzes only the relevance of 

video transcriptions based on keyword occurrence, not at a semantic level. In this 

research, we have attempted to develop a two-phase natural language approach to 

addressing the stated research questions by integrating natural language processing (NLP) 

technology, named entity (NE) extraction, frame-based video indexing scheme, and 

information retrieval (IR) techniques. A diagram of question understanding and clip 

retrieval in the LB A system is shown in Figure 16. 

When a natural language question is asked by a user via the Interface, the question is 

parsed by a natural language processing software to generate part-of-speech (e.g. noun, 

verb, adverb, and adjective) and named entity tags (e.g. location, person, and 

organization), and so on. Then, the question is formalized into a predefined question 

template, which represents its semantic content. Next, based on keywords extracted from 

the question, the algorithm filters clips whose content is unlikely to contain the answer. 
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Questions in Conversational English 

Transcripts/Annotations/ 
Text captions 

Video Indexing 

Question Parsing 
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Return Candidate Clips 

Query 
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Question-Clip Matching & Ranking Clip 
Sentence 
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Figure 16. Content-based Video Indexing and Retrieval in LB A 

The content templates of remaining clips are individually compared with the template of 

the question. Finally, a list of candidate clips is returned to the user in decreasing order of 

question-clip relevancy. The entire process is automated. 

5.2 Natural Language Processing and Named Entity Extraction 

Natural Language Processing (NLP) research pursues the elusive question of how people 

understand the meaning of a sentence or a document, and how they use a variety of clues 
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to understand who did what to whom, or when something happened, or what is a fact and 

what is a prediction. The goal of NLP research is to build computational models of 

language so that people can write computer programs capable of accomplishing various 

tasks involving natural language. It lays a foundation for question and clip understanding. 

In our approach, we adopt several NLP techniques, such as morphological analysis and 

part-of-speech tagging, to analyze natural language questions and video-associated texts 

to obtain both syntactic and semantic information. 

The Named Entity (NE) extraction task aims at analyzing unrestricted text in order to 

extract specific types of information. Typically, this task consists of three subtasks — 

extraction of entity names, temporal expressions, and number expressions. The 

expressions to be annotated are "unique identifiers" of entities (e.g. organizations, 

persons, and locations), times (e.g. date, year, and minute), and quantities (e.g. monetary 

value and percentage) (Chinchor, 1998). NE extraction task attempts to understand only 

some sentences/portions in a document that contain specified information. It has direct 

practical value in annotating text so that documents can be searched for names, places, 

and dates, etc. A variety of techniques for NE extraction, such as syntactic analysis, 

semantic analysis, and machine learning, have been developed and evaluated in the 

Message Understanding Conference (MUC) (Baluja, Mittal, & Sukthankar, 1999; Bikel, 

Schwartz, & Weischedel, 1999; Grishman, 1995; Sundheim, 1995). The integration of the 

NE extraction enables the LBA system to understand video content by capturing semantic 

information from associated text. In this research, the LBA system integrates a 



101 

commercial software package called "Conexor iSkim" to perform natural language 

processing and NE task when LBA generates templates (frames) for both questions and 

clip content. 

5.3 Question-Answering 

Abundant research has been done in the area of question understanding and answering. 

There are many challenges to be met, such as timeliness (answers to a question must be 

identified in real-time), accuracy (an incorrect answer is worse than no answer), 

completeness (be capable of locating answers that are distributed), and usability. 

Since the Eighth Text Retrieval Conference (TREC) held in Gaithersburg, Maryland. 

1999, there has been a Question Answering (Q&A) track in this conference, focusing on 

performance assessment of participating question-answering systems. Given a natural 

language question such as "What was the monetary value of the Nobel Peace Prize in 

1989?" or "When did Nixon visit China?" Q&A systems are expected to identify a 

correct answer, either one sentence or a short paragraph, from a collection of documents. 

Generally, there are several approaches to question answering, including logic 

formalization, surface-analysis, and semantic-feature based question answering. 

• Logic formalization 

Textual documents are translated into state logic formulae by special functions that 

are associated with production rules (Breck, Burger, House, Light, & Mani, 1999; 

Schwind & Bole, 1978). Q&A is viewed as a process of finding variable bindings that 
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satisfy a logical representation of a natural language question. The disadvantage of 

this approach is that inference is very complex. 

• Surface-analysis approach 

This method depends on text surface analysis, primarily using lexical clues such as 

noun and verb phrases. Separate vectors of those phrases are generated and scored 

against a feature set extracted from a question (Eichmann & Srinivasan, 1999; Oard, 

Wang, Lin, &. Soboroff, 1999; Takaki, 1999). The disadvantage of this approach is 

that sentences differing in surface syntax but close in meaning are not considered 

similar. 

• Semantic-feature based question answering 

This approach is conducted via analysis based on lexical, syntactic, and semantic 

knowledge on both questions and documents. Analysis relies on natural language 

parsing, lexicon look up, and production rules to identify question categories and 

generate semantic representation of sentences. It allows a prediction of the kind of 

expected answers. Queries and sentences in documents are parsed into the same 

semantic representation. Some grammar rules and dictionaries are applied to 

recognize entity-phrases. Sometimes semantic relations between entities are 

identified as well (Litkowski, 2000). Finally, semantic representation of a question 

will be compared with sentence representations extracted from documents in a 

collection to find the best match (Ferret, Grau, Illouz, Jacquemin, & Masson, 1999; 

Humphreys, Gaizauskas, Hepple, & Sanderson, 1999). 
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The techniques of information extraction and information retrieval are commonly used in 

question answering research. Low-level information extraction, such as named entity 

tagging, is often a necessary component for handling most types of questions (Srihari & 

Li, 1998). Information retrieval techniques can help the system identify documents that 

are likely/unlikely to contain answers. 

5.4 A Two-phase Approach to Content-based Video Retrieval 

S.4.1 Natural language question parsing and formalization 

We have developed a two-phase natural language approach to content-based video 

indexing and retrieval for instructional videos. After a learner submits a question such as 

"What is skin cancer?" in conversational English through a Web interface, the LBA 

system starts to parse it by using Conexor iSkim (Voutilainen, 2000). This NLP tool can 

analyze an English sentence and produce five types of information about words in the 

sentence: part-of-speech (POS), lemma, morphology, light syntax, and named entity 

recognition. Given a sentence: 

"Learning is an indispensable activity in our lives." 

Major results from iSkim will be as follows: 

Word Stem POS and other Info. 

1 Learning leam ING 

2 is be V PRES SG3 «&VA 

3 an an DET SG &>N 

4 indispensable indispensable A ABS &>N 

5 activity activity N NOM SG &NH 

6 in in PREP «S:N< 
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7 our we PRON PERS GEN PLl &>N 

8 lives life N NOM SG &NH 

The objective of question parsing is to automatically 1) determine the type of an expected 

answer, 2) determine the focus of a question, 3) identify different roles of words or 

phrases in the question, and 4) generate a template representation of the question. We 

define a question template as having the following structure to represent the content of 

any given question. 

<QUESTION TEMPLATE>:= 

Answer Type Ctype of information the question is looking for) 

Question Focus (the core noun) 

Person (named person) 

Organization (named organizations) 

Governor (key verbs) 

Objects (other noun or noun phrases) 

Number (numbers) 

Time (year, date, century, etc.) 

Location (country, region, city, etc.) 

To determine whether or not a clip is relevant to a question, we need to clarify what the 

question is asking for. The slot Answer Type indicates the semantic characteristic of an 

expected answer that is determined according to question words. For example, if a 

question asks "When was Linux first released?" the Answer Type is <TIME>. We define 
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a total of nine answer types based on research on question-answering (Srihari & Li, 

1998): Person, Organization, Object, Location, Time, Number, Reason, Definition, and 

Undefined. Among these, names of people and organizations, locations, time, and 

numbers in a question are obtained by combining NE analysis results from iSkim and 

heuristic rules. When iSkim analyzes a sentence, it will automatically assign some pre

defined tags to named-entity words it identifies, such as <LOC> for locations. <:TEMP> 

for temporal expression, and <ORG> for the names of organizations. The extracted NE 

information will fill corresponding slots in the template of the current question. A list of 

rules is used to help determine the answer type. For example, one of the rules is: 

If a question starts with 'What' + <person> 

Answer type = <Person> 

Question Focus refers to the core noun or noun phrase in a question that indicates what 

the question is about. Normally, the first noun or noun phrase after a questioning word is 

the focus of a question. For example, in the question "What is the largest country in the 

world?", "largest country" is the question focus. The LBA system uses shallow parsing to 

obtain important information contained in a given question and fills in the slots in the 

question template. A stopword dictionary, which contains about 610 words, is utilized to 

filter out those functional terms in questions, such as "a," "the," and "is," since they 

contribute little to the meaning of a video. As a result of this phase, a question template 

with appropriate slot values will be automatically generated for the question that is 

currently being asked. 
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5.4.2 Video clip indexing 

In LBA, the textual description of video content is derived from either a transcription of 

soundtracks of a video, or lecturers' scripts or notes made during course preparation. We 

develop a method for automatically creating a keyword indexing table and a sentence 

template table for video indexing. The keyword indexing table contains keywords and 

phrases automatically extracted from transcriptions or key notes, as well as their TF-IDF 

term weights in each video clip. To match question templates, the transcribed sentences 

in each candidate clip will be analyzed and represented in a similar way. Therefore, we 

also create a sentence template table for clips. Like questions, each sentence in a clip is 

tagged for part-of-speech and named entities by iSkim, which then automatically 

generates a similar template with the same structure as the question template except for 

lacking Answer Type and Question Focus slots. Each sentence template is a single record 

in this table. These records are used to measure the degree of relevance between a 

question and video clips. 

5.4.3 Phase 1: clip filtering 

Considering the large number of video clips and the overhead of detailed linguistic 

analysis, it is unrealistic and unnecessary to search exhaustively through all video clips 

during video retrieval. Therefore, the first phase of video retrieval in LBA is to use a 

search engine based on traditional information retrieval techniques as a clip filter to select 

a small set of pre-candidate clips from the video library that are likely to contain answers 

to the current question. The assumption here is that if a clip does not contain important 
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keywords/phrases in a question, we can reasonably conclude that this clip is not relevant. 

The objective of this phase is to reduce the total processing time of the system, thus 

improving retrieval efficiency. In LBA, a document is a transcription file of an individual 

clip. 

When a natural language query comes in, the question parsing process automatically 

identifies keywords from the question, including noun or noun phrases, verbs, quoted 

expressions, and named entities. Non-stopwords, as well as possible synonyms obtained 

from WordNet Synsets or a domain ontology — a hierarchical concept space that defines 

the semantic relationships between different terms in this domain — are passed to the clip 

filtering process. When a term has a large number of synonyms, the system chooses the 

first three, which are the most frequently used synonyms of this term. Our search engine 

then issues a Boolean query to the keyword indexing table and identifies clips with top 

relevance scores derived based on occurrences of keywords and total term weights. Only 

selected clips, called pre-candidates, are passed to the second phase for further 

consideration. 

A set of heuristics is used in process of keyword extraction. Some of them are: 

• All named entities are considered as keywords; 

• When a quoted expression occurs in a question or in a sentence, the entire quotation is 

recognized as a keyword; 
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• If two nouns are adjacent, as in 'computer network', the whole phrase is considered 

as a keyword; 

• All verbs from a question are selected as keywords, but in stemmed format. For 

example, if a verb 'computes' occurs in a question, then its stem 'compute' is selected 

as a keyword. 

5.4.4 Phase 2: question-clip matching 

For each pre-candidate clip identified in the clip filtering phase, LBA measures its 

relevancy to a question by calculating the similarity score between the question template 

and sentence templates of the clip. To determine the degree of relevance of a pre-

candidate clip to a question, the system first calculates the combined matching score for 

each sentence in the transcription of the video clip in the following steps: 

1) Matched_Sentence_Score (MSS): compares the slot values of a question with those 

of each sentence in a clip. Non-variant term occurrences (exact match) are weighted 

2.0, morphological variants (different terms with the same root) are weighted i .5, and 

synonyms are weighted 1.0. The total MSS for a sentence j is computed as follows; 

7 

Where MSSij refers to the similarity score of slot "i" in the sentence "j" to the same 

slot in the current question, except Answer Type and Question Focus slots. 

2) Same_WordSequence_Score (SWS): Computes the number of keywords in the 

question that appear in the same sequence in the current sentence. 
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3) AnswerType_Found_Score (AFS): the original score is 0. If either Answer Type or 

Question Focus of the question is found in this sentence, 3 points are added. 

The combined matching score Mj of the sentence j in a clip to the question is defined as 

follows: 

Mj = MSSj + SWSj + AFSj (1) 

After obtaining combined matching scores for all sentences in clip transcription using 

formula (1), we use a slide-window approach to calculate the relevancy of this clip to the 

question. Currently, we set the window size equal to 5. The basic idea is that starting 

from the first sentence of the clip transcription or lecture notes, we sum the individual 

combined matching scores of five sentences within the current window, which starts from 

the first sentence and ends after the fifth sentence, to obtain a window matching score. 

Next, we move the window toward the end of transcription one sentence at a time. At this 

point, the new window starts from the second sentence and ends after the sixth. We then 

obtain the matching score of the current window in the same way. This process continues 

until the last sentence is reached. Finally, we select the highest window matching score as 

the relevance-to-the-question score of this clip. The assumption of this approach is that if 

a clip can answer a question, there should be a portion in that clip that shares most 

content/context with the question. 

After similar calculation for all pre-candidate clips, those clips are re-ranked based on 

individual clip matching scores. In the future, the LBA system will also dynamically 
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generate a brief, query-based text summarization for each candidate clip, including a few 

high-scoring sentences. This type of summary provides the contexts in which query terms 

occur and highlights the content of those clips. Finally, the links to those clips and their 

titles are returned to users' local computers with the most relevant ones listed first. 

6. EVALUATION 

6.1 Empirical Study 

In this study, we used several versions of LBA with different setups to validate a few 

hypotheses regarding to MSRT. Especially, we focus on evaluating the proposition that 

proper structuring of multimedia instructions can significantly improve the learning 

effectiveness. 

6.1.1 Experiment 1 

Hypotheses 

In building our hypotheses to validate the MSRT framework, we focused on the impact 

of content structuring and instructional videos on learning effectiveness. Effectiveness is 

measured in terms of learning performance and satisfaction. We believe that a virtual 

mentor built upon the MSRT framework should support structural content to help people 

achieve effective online learning. Therefore, we developed the first hypothesis to 

compare effects of content structuring and non-structuring on measures of learning 

effectiveness using the e-Classroom of LBA system with different setups. We 

hypothesize: 
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I I I  

HI: Students interacting with a virtual mentor with content structuring achieve 

higher learning performance than those in an online learning environment 

without content structuring support. 

In the context of learning, it is also important to assess learners' satisfaction levels with 

regard to their knowledge construction in an online learning environment. By coupling 

the learning performance indicator with a measure of learner satisfaction, we can provide 

a more complete assessment of learning effectiveness. Previous studies reported mixed 

results on learner satisfaction. Some found that students were satisfied with e-Leaming 

(Amir, Iqbal, & Yasin, 1999; Freeman, 1997), while others revealed that students were 

less satisfied (Rivera & McAlister, 2001; Wade & Power, 1998). We think content 

structuring can increase learner-content interactivity. Thus, we hypothesize: 

H2: Students interacting with a virtual mentor with content structuring have 

higher levels of satisfaction than those in an online learning environment 

without content structural support. 

In a virtual mentor, learning content in different media is delivered to remotely located 

learners. Although video technology (e.g. television) has been widely used in distance 

learning for years, it has not been fully applied to e-Leaming until recently, due to 

limitations such as network bandwidth. Today, more and more e-Leaming systems 

present instmctional videos in addition to other material. Based on the media 
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characteristic factor of MSRT, it will be interesting to check on whether videos help 

students achieve better performance and increase learner satisfaction. Our hypotheses are: 

H3. Learning performance improves when instructional videos are presented in a 

virtual mentor. 

H4. Learner satisfaction increases when instructional videos are presented in a 

virtual mentor. 

Although many institutions of higher education have developed and are using Web-based 

courses, little is known about their effectiveness compared with traditional classroom 

education (Piccoli et al., 2001). Past research has shown that students in multimedia-

based e-Leaming environments perform equally as well in terms of exam grades as those 

in traditional classrooms (Hiltz & Turoff, 2002; Morales et al., 2001). With content 

structuring, a virtual mentor can provide more interactivity and flexibility to learners 

during the learning process. In addition, online students have unlimited opportunities to 

access learning material, especially videos, which can help them achieve effective 

learning comparable to traditional classroom learning. Thus, our final hypothesis is: 

H5. Given the same amount of time, students learning through a virtual mentor 

with content structuring can do as well as, or even better in terms of learning 

outcome than, those in traditional classrooms. 

Method 
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We employed a lab experiment using the LBA system to test above hypotheses. The 

research was a 2 x 2 design varying content structuring (with/without) and instructional 

video (with/without) (Table 2). Therefore, we had four experimental groups watching an 

online lecture using the LBA system with different setups. The number in each cell is the 

sample size of that group. In addition, there was also a traditional classroom group 

(Group E) with 17 subjects comprising a control group. 

Instructional Video 

With (1) Without (0) 

Content Structuring 

With (1) Group A (17) Group 8(18) 

Content Structuring Without (0) Group C (17) Group D (19) 

Table 2. Experimental Groups 

The topic of the online lecture used in the study was database normalization, which was 

the subject of one of the lectures of an undergraduate database course. The lecture 

covered the concept of relational normalization, different types of anomalies, the first, 

second, and third normal forms, and some examples. 

Subjects 

Subjects were 88 undergraduate students recruited from an introductory database course. 

They had no prior experience of online learning. Subjects were randomly assigned into 

five groups. Each group then was randomly assigned to one of the five treatments. From 

a preliminary registration form completed by subjects two weeks before the experiment. 
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we collected some demographic data such as gender, previous computer experience, and 

class year. An analysis revealed no significant difference among the five groups. 

Therefore, we assume that the five groups were homogeneous in terms of subject 

characteristics. Although it was a required course for MIS students, some subjects came 

from other majors such as accounting, finance, and business. A total of 61.3 percent of 

the subjects were male. While the traditional classroom group had a regular lecture in a 

regular classroom, subjects in four online groups participated in experiment in a research 

laboratory at different times within the same day. The lab was equipped with 30 NT 

workstations with all necessary software installed. In the experiment, each subject had 

one computer with a headphone so that s/he could listen to the soundtrack of the video 

without disturbing others. 

Independent Variables 

Content Structuring. Many e-Leaming programs make instructional videos available on 

the Internet. However, those videos are not processed into a structure in terms of content 

to provide students with more interactivity and random access. In addition, videos are not 

presented together with other associated material such as PowerPoint slides. Therefore, 

we have two levels of the content structuring variable: with or without. For example, in a 

LBA system with structure, learning material in different media is structured based on 

content. Corresponding video, slides, and lecture notes, if available, were synchronized. 

Instructional Video. Another independent variable was the presence of instructional 

videos in LBA. Similarly, there were two levels: with or without video. 
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Various LBA Setups 

We had different e-Classroom settings in LBA for the four online groups. Subjects in 

group A used the system with an interface shown in Figure 11. They could see a video of 

the instructor, hear what he said, and check the corresponding slides and lecture notes. 

Instructions in different media were structured and synchronized. While an instructional 

video was playing, the LBA system used by group A was always able to simultaneously 

present corresponding slides and lecture notes about the topic that the instructor in the 

video was introducing. 

In our experiment, the instructional video was in real video format. PowerPoint slides 

were prepared as JPEG images, and lecture notes were in text. Each video clip was 

identified as a portion of a video that explained a slide. If a subject did not intervene 

during an online lecture session, the entire lecture will automatically flow from the 

beginning to the end. However, a subject could perform various operations to control 

his/her learning pace and content at any time by pressing the control buttons at the top of 

that interface. That is, content structural support of multimedia material provided e-

Leamers with the capability to synchronize media and increase interactivity and process 

flexibility for personalized learning. 

Subjects in group B had the same interface as the group A. except that no instructional 

video was provided. The slides and notes were synchronized, and subjects were still able 

to use control buttons during the learning process. In groups C and D, learning content 
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was not structured and synchronized, like content presentation in many other online 

learning environments. Therefore, no control buttons were available. For example, 

subjects could only drag the scroll bar of the RealPlayer to go back and forth in order to 

locate a particular portion of video. This process might be time-consuming and 

inaccurate. In group C, although video, slides, and notes were presented on the same 

interface, they were stand alone — navigating one of them would not affect the other 

two. The only difference between the settings of groups C and D was that group C had 

video while group D did not. 

Procedure 

The topic of the online lecture used in this study was database normalization, which was 

scheduled in the course syllabus at the beginning of the semester. Before the experiment, 

subjects had already learned prerequisite concepts in order to understand the lecture. In 

the experiment, subjects in online groups went through the same procedure, step by step, 

as follows: 

(1) Brief description of experiment's objective and procedure 

At the beginning of each session, the objective and procedure of this experiment were 

introduced to subjects in all groups, who also were informed that they would be given 

up to 5 extra course credits for participating in the experiment. Credit was to depend 

on their individual learning performance in the experiment. 

(2) Pre-test 

Subjects then were required to answer a few questions on a written exam. Those 
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questions covered basic concepts about the subject matter that the lecture would be 

introducing. The purpose of this test was to assess how much a subject already knew 

about the topic even before watching the online lecture. 

(3) The LBA system training 

Next, subjects were given a short live demonstration of how they could watch an 

online lecture using the LBA system before being asked to familiarize themselves 

with the system. 

(4) Online lecture session 

After all of subjects understood how the system worked, they were given 45 minutes 

to watch the online lecture. The instructional video prepared in advance lasted about 

29 minutes. This gave subjects enough time to review the material before the next 

step. There were a total of 21 PowerPoint slides for this lecture. 

(5) Post-test and questionnaire 

At the end of each experiment, subjects were given another written exam, consisting 

of true/false, multiple choice, and two open ended questions regarding the lecture. 

The questions in the post-test were similar to those in the pre-test but were more 

specific and of greater difficulty. After the test, each subject was also required to fill 

out a questionnaire recording personal background information, as well as feedback 

on their perceived learning effectiveness and satisfaction, etc. 

During online lecture sessions, subjects were allowed to take notes on paper as they 

normally do in classrooms, but they could not talk with each other, thus eliminating the 
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influence of interaction on subjects' performance. Both pre- and post-tests were closed-

book, closed-notes. The potential scores ranged from 0 to 15. The time allocated for the 

online lecture session and exams was constant across all groups. The dependent variable 

was individual learning performance (learning gain), which was measured by the margin 

between the post-test scores and pre-test scores. The classroom group's 17 subjects were 

given the same lecture during regular class time by the same instructor who was 

videotaped for the online lecture. The content of the real-time lecture was well controlled 

by the instructor to make sure it was consistent with that of the online lecture. Subjects in 

the classroom group went through a procedure similar to those in online groups, except 

that steps 3 and 4 were replaced by a 45-minute regular in-class lecture and review 

session. They were allowed to ask questions during the lecture, as they normally do in 

classrooms. All five groups participated in the study on the same day. 

Results of Experiment I 

Table 3 shows the means, standard deviations, and sample sizes of all five groups. Table 

4 demonstrates the results of a statistical analysis for the four online groups at 95 percent 

confidence interval. Table 5 shows the results of multiple comparisons of all group means 

on learning performance. The group with a value of -I for both video and content 

structuring variables was the classroom group. 
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Descriptive Statistics 

Dependent Variable: Gain 

VIDEO Structured Mean Std. Deviation N 
-1 -1 9.24 2.14 17 

Total 9.24 2.14 17 

0 0 8.58 2.36 19 

1 9.89 2.32 18 

Total 9.22 2.41 37 

1 0 9.82 2.21 17 

1 10.88 2.29 17 

Total 10.35 2.28 34 

Total -1 9.24 2.14 17 
0 9.17 2.35 36 

1 10.37 2.33 35 

Total 9.66 2.35 88 

Table 3. The Means, Standard Deviations, and Sample Sizes for All Groups 

Tests of Between-Subjects Effects 
Dependent Variable: Gain 

Source Type III Sum of Squares df Mean Square F Sig. 
Intercept 6795.163 1 6795.163 1283.752 .000 

VIDEO 22.179 1 22.179 4.190 .045 

STRUCTUR 24.846 I 24.846 4.694 .034 

VIDEO * 
STRUCTUR 

.279 1 .279 .053 .819 

Error 354.645 67 5.293 

Total 7167.000 71 
Corrected Total 402.930 70 

Table 4. Results of Statistical Analysis of LBA Groups 

A 2 X 2 ANOVA was performed to analyze experimental data, which showed that at 95 

percent confidence level, both instructional video and content structuring in LBA had 

significant positive impact on learning achievement (F(l, 67) = 4.190, p = 0.045); F(l, 
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67) = 4,694, p = 0.034). However, their interaction has no significant impact (F(l, 67) = 

0.053, p = 0.819). 

Multiple Comparisons 
Dependent Variable: Gain 
LSD 

Mean Std. Error Sig. 95% Confidence Interval 
Difference 

Sig. 

(I) GROUP (J) GROUP Lower Bound Upper Bound 
D C -1.24 .76 .104 -2.75 .26 

B -1.31 .75 .083 -2.80 .18 
A -2.30 .76 .003 -3.81 -.80 
E -.66 .76 .389 -2.16 .85 

C D 1.24 .76 .104 -.26 2.75 
B -0.0654 .77 .932 -1.59 1.46 
A -1.06 .78 .178 -2.61 .49 
E .59 .78 .452 -.96 2.14 

B D 1.31 .75 .083 -.18 2.80 
C 0.0654 .77 .932 -1.46 1.59 
A -.99 .77 .199 -2.52 .53 
E .65 .77 .397 -.87 2.18 

A D 2.30 .76 .003 .80 3.81 
C 1.06 .78 .178 -.49 2.61 
B .99 .77 .199 -.53 2.52 
E 1.65 .78 .037 9.84E-02 3.20 

E D .66 .76 .389 -.85 2.16 
C -.59 .78 .452 -2.14 .96 
B -.65 .77 .397 -2.18 .87 
A -1.65 .78 .037 -3.20 -9.84E-02 

Based on observed means. 
* The mean difference is significant at the .05 level. 

Table 5. Results of Post Hoc Analysis of Group Means on Learning Gain 

The Post Hoc analysis of means of all groups revealed that group A (with the presence of 

instructional video and content structuring) outperformed the classroom group 
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significantly (p = 0.037), while other online groups were equivalent to it. Therefore, 

hypotheses 1, 3, and 5 are supported. 

In the post-study questionnaire, we required subjects in LBA groups to report their 

satisfaction level with regard to their learning process, using a 7-point Likert Scale 

ranging from extremely dissatisfied (1) to extremely satisfied (7). The results are shown 

in the following tables. Table 6 shows the descriptive data of the satisfaction variable for 

the experimental groups. Table 7 demonstrates the results of a two-way ANOVA, with 

video and content structuring as independent variables and satisfaction level as dependent 

variable. Results of a Post Hoc analysis of group means on satisfaction are illustrated in 

Table 8. Figure 17 shows user satisfaction of four online groups on their learning 

experience using the LBA system. 

Descriptive Statistics 

Dependent Variable: Satisfaction 

VIDEO Structured Mean Std. Deviation N 
0 0 4.37 1.07 19 

1 5.72 1.02 18 

Total 5.03 1.24 37 
1 0 4.65 1.00 17 

1 6.18 .88 17 
Total 5.41 1.21 34 

Total 0 4.50 1.03 36 

1 5.94 .97 35 
Total 5.21 1.23 71 

Table 6. Means and Standard Deviations of Satisfaction for LBA Groups 
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Tests of Between-Subjects Effects 
Dependent Variable: Satisfaction 

Source Type III Sum of Squares df Mean Square F Sig. 
Intercept 1936.831 1 1936.831 1954.771 .000 
VIDEO 2.378 I 2.378 2.400 .126 

STRUCTUR 36.810 1 36.810 37.151 .000 
VIDEO* 

STRUCTUR 
.137 I .137 .138 .712 

Error 66.385 67 .991 
Total 2034.000 71 

Corrected Total 105.831 70 

Table 7. Results of Two-Way ANOVA 

Post Hoc Tests 

Multiple Comparisons 
Dependent Variable: Satisfaction 
Tukey HSD 

Mean Std. Error SiR. 95% Confidence Interval 
Diflerence 

a) GROUP (J) GROUP Lower Bound Upper Bound 

D C -.28 .33 .836 -1.15 .60 
B -1.35 .33 .001 -2.22 -.49 
A -1.81 .33 .000 -2.68 -.93 

C D .28 .33 .836 -.60 1.15 
B -1.08 .34 .011 -1.96 -.19 
A -1.53 .34 .000 -2.43 -.63 

B D 1.35 .33 .001 .49 2.22 
C 1.08 .34 .011 .19 1.96 
A -.45 .34 .535 -1.34 .43 

A D 1.81 .33 .000 .93 2.68 
C 1.53 .34 .000 .63 2.43 
B .45 .34 .535 -.43 1.34 

Based on observed means. 
* The mean difference is significant at the .05 level. 

Table 8. Results of Post Hoc Analysis of Group Means on Satisfaction 



123 

3 4 5 6 7 

Satisfaction 

Figure 17. Learner Satisfaction of Online Groups 

From the above results, we found that in this study, the LBA groups with content 

structuring had significantly increased satisfaction over groups without it (F(l, 67) = 

37.151, p = 0.000). So hypothesis 2 is supported. However, the presence of video did not 

affect learner satisfaction (F (1, 67) = 2.4, p = 0.126). In other words, hypothesis 4 is not 

supported. More specifically, subjects in group A had the highest satisfaction level (mean 

= 6.18), which was significantly higher than those in groups C and D ( p = 0.000 ), but 

equivalent to those in group B ( p = 0.535). Subjects in group B also had significantly 

higher satisfaction levels than those in groups C and D ( p = 0.001 and 0.011, 

respectively). However, there was no significant difference in satisfaction levels between 

groups C and D (p = 0.836). 
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In general, the results of this experiment support hypotheses 1, 2, 3, and 5, at 95 

confidence interval: both content structuring and instructional video were seen to 

improve effectiveness in a virtual mentor. Learner satisfaction was increased when the 

multimedia content was structured. Given the same amount of time, the LBA group with 

both video and content structuring outperformed the classroom group, while other LBA 

groups performed equally well. However, hypothesis 4, which predicted the presence of 

an instructional video would increase learner satisfaction, is not supported. 

6.1.2 Experiment 2 

This experiment repeated experiment 1 to some degree, but with more group settings, 

larger sample sizes, and different learning context. We want to examine whether earlier 

hypotheses will stand up in different learning contexts and to test a few new hypotheses. 

Hypotheses 

In addition to testing the hypotheses in experiment 1, we are interested in studying what 

e-Classroom setup in LBA best helps students master knowledge. Here we have two 

assumptions. First, among the three media we used in this study (instructional video. 

PowerPoint slides, and instructor's lecture notes), no single one was rich enough to 

qualify as effective and comprehensive material. Consequently, we focus only on the 

effects of combinations of those three media. Second, PowerPoint slides must be 

presented in an e-Classroom since they provide an infrastructure for a lecture. According 

to media richness theory, we suggest that students in an e-Classroom that presents 
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material in all three media together can achieve higher learning performance than those 

presented by material in two media only. Therefore, our hypotheses for experiment 2 are 

as follows: 

HYPOTHESIS 1. Students learning through a virtual mentor with content structuring 

achieve higher learning performance than those in an online 

environment without content structural support. 

HYPOTHESIS 2. Students learning through a virtual mentor with content structuring 

have higher satisfaction on learning process than those in an online 

environment without content structural support. 

HYPOTHESIS 3. Different media setups in a virtual mentor can lead to different learning 

outcomes. 

HYPOTHESIS 4. Given the same amount of time, students learning through a virtual 

mentor with structured and synchronized videos, slides, and lecture 

notes outperform those in a traditional classroom. 

HYPOTHESIS S.The presence of instructional videos in a virtual mentor has an impact 

on learning performance. 

HYPOTHESIS 6. Different media setups in a virtual mentor result in different levels of 

learner satisfaction with learning process. 

Method 

The research was a 2 x 3 design varying content structuring (with/without) and media 

setup (video + slides, slides + lecture notes, and all three together). So we had 6 different 
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online group sessions (Table 9), each containing male and female subjects. The number 

in each cell (1 - 6) is the session number we assigned to each different LBA setup, while 

the numbers in brackets indicate the sample size of that session. In addition, there was 

also a traditional classroom session (Session 7) with 34 subjects as the control group. 

Media 
V 

(Mec 
+ S 
fw = /> 

5 
(Mec 

+ L 
lia = 2) 

V + 
(Mec 

S + L 
lia = 3> 

Content 
Structuring 

With 
M; 22 Session 6 

(35) 
M: 19 Session 2 

(34) 
M: 17 Session I 

(35) Content 
Structuring 

With F: 13 

Session 6 
(35) 

F: 15 

Session 2 
(34) 

F: 18 

Session I 
(35) Content 

Structuring 

Without 
M: 19 Session 4 

(37) 
M: 23 Session 5 

(38) 
M: 17 Session 3 

(35) 

Content 
Structuring 

Without F: 18 
Session 4 

(37) F: 15 
Session 5 

(38) F: 18 
Session 3 

(35) 

Table 9. Experimental Design 

Where V + S, S + L, and V + S + L represent the LBA system setups with video and 

slides only, slides and lecture notes only, and video, slides, and lecture notes together. In 

other words, V, S, and L indicate the presence of a video, slides, and lecture notes, 

respectively. 

Subjects 

The 248 subjects who participated in this study were recruited from about 650 

undergraduate students talcing an introductory computing course at the University of 

Arizona. They were randomly assigned into seven groups. Each group was then randomly 

assigned to one of six LBA groups and one classroom group. Subjects came from 21 

departments across the campus, such as MIS, electrical engineering, communications, 

and arts. Of them, 53.2 percent of subjects were male. While the traditional classroom 
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group had a regular lecture in a regular classroom, subjects in six online groups were 

asked to participate in experiments conducted in the same research laboratory where 

experiment 1 was held. 

Independent Variables 

Content Structuring: Similar to experiment 1, in this study we had two levels of content 

structuring variable: with or without. For example, in a LBA system with structuring, all 

material in different media was structured based on content. Corresponding video, slides, 

and lecture notes, if available, were synchronized. 

Media: Another independent variable was having different media setups for presenting 

learning material. It had three levels: video and slides only, slides and lecture notes only, 

and all three media together. 

Various LBA Setups 

We had different e-Classroom settings in LBA for the six online sessions. Subjects in 

sessions 1, 2, and 6 were presented with structured multimedia instructions that were 

synchronized. Session 1 had the interface shown in Figure 11. Students in session 2 

watched an online lecture with slides and lecture notes only, while those in session 6 saw 

only video and slides. During the experiment, a subject could control his/her learning 

pace and content at any time by pressing control buttons at the top of that interface. S/he 

could directly jump to any particular clip/slide/note by clicking on a sub-topic in the 

content menu. 
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Subjects in sessions 3, 4, and 5 saw the learning material without content structuring. As 

a result, the instructions in different media were not synchronized and no control buttons 

were available to allow subjects to perform efficient random access to content. 

Procedure 

The topic of online lecture used in the study was about Internet search engines, which 

was different from the previous one. It included basic concepts of search engines and 

how they work. In this experiment, subjects in different groups followed the procedures 

described for experiment 1. Both pre- and post-tests were closed-book, closed-notes. The 

potential scores ranged from 0 to 50. The time allocated for online lecture session and 

exams was constant across all groups. The primary dependent variable was individual 

learning performance (learning gain), measured by the margin between the post-test 

scores and pre-test scores. The classroom group of 34 subjects heard the same lecture in a 

regular classroom given by the same instructor who was videotaped for online sessions. 

Subjects could ask questions during the regular lecture, as they normally do in 

conventional classrooms. The length of the online lecture was almost the same as the one 

in experiment 1. More specifically, the instructional video lasted about 30 minutes, while 

the time spent on watching the lecture was about 45 minutes. 

Results of Experiment 2 

Table 10 shows the means, standard deviations, and sample sizes of all LB A groups, 

where MEDIA = 1 refers to the system setup with video and slides only, MEDIA = 2 



refers to the setup with slides and lecture notes only, and MEDIA = 3 refers to the 

presence of all three media. In the meanwhile, the value of content structuring variable 

was either 1 or 0, indicating learning material with or without structure, respectively. The 

session with MEDIA = 4 and Content Structuring = 1 represents the classroom group. 

Table 11 demonstrates the results of a statistical analysis of the six LB A sessions at 95 

percent confidence level. Table 12 shows the results of multiple comparisons of all 

session means. 

Descriptive Statistics 

Dependent Variable: Post_gain 

Media Structuration Mean Std. Deviation N 
1 0 25.16 6.15 37 

1 28.71 7.09 35 

Total 26.89 6.81 72 

2 0 24.50 9.24 38 

1 26.74 10.02 34 
Total 25.56 9.62 72 

3 0 27.66 8.85 35 

1 34.14 8.87 35 

Total 30.90 9.38 70 

Total 0 25.73 8.23 110 
1 29.89 9.20 104 

Total 27.75 8.94 214 

Table 10. Means, Standard Deviations, and Sample Size of All LBA Sessions 

An ANOVA was performed on the experimental data and showed that at 95 percent 

confidence level, both media and content structuring in LBA had significant positive 

impacts on learning achievement ( F(2, 208) = 7.463, p = 0.001 ; F(l, 208) = 12.496, p = 

0.001 ). So both hypotheses I and 3 are supported. However, there was no significant 

impact on learning performance of interactions between two independent variables 
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(Interaction between Media and Content Structuring: F(2, 208) = 1.169, P = 0.313). 

These results are consistent with previous findings in experiment I. 

Tests of Between-Subjects Effects 
Dependent Variable: Post_gain 

Source Type III Sum of 
Squares 

df Mean Square F Sig. 

Corrected Model 2147.415 5 429.483 6.003 .000 
Intercept 165369.009 1 165369.009 2311.228 .000 
MEDIA 1067.971 2 533.985 7.463 .001 

STRUCT 894.110 1 894.110 12.496 .001 
MEDIA * STRUCT 167.352 2 83.676 1.169 .313 

Error 14882.459 208 71.550 
Total 181851.000 214 

Corrected Total 17029.874 213 

Table II. Results of the Statistical Analysis for Six LBA Sessions 

More specifically, the Post Hoc analysis of means of all sessions (Table 12) revealed that 

session 1 with the presence of structured combination of an instructional video, slides, 

and lecture notes outperformed the classroom session significantly (p = 0.000), while the 

performances of other experimental sessions were equal to that of the classroom session 

(session 7). This supports hypothesis 4. At the same time, subjects in session 1 achieved 

better performance than those in any other LBA session except session 6 (with structured 

video and slides only) (p = 0.097). There was no significant difference in learning 

p e r f o r m a n c e  a m o n g  s e s s i o n s  2 - 7 .  
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Mullipl* CompariMns 

Dependent Variable: Post_gain 

Tukey HSD 

Mean 
Difference 95% Confidence Interval 

(1) GROUPS (J) GROUPS (l-J) Std. Error Siq. Lower Bound Uoper Bound 
1 2 6.83- 1.91 .007 1.18 12.47 

3 6.20* 1.90 .019 60 11.80 
4 8.69* 1.88 .000 3.17 14.22 
5 9.36* 1.86 000 3.86 14.85 
6 5.14 1.90 .097 -.46 10.75 
7 10.4r 1.91 .000 4.83 16.12 

2 1 -6.83* 1.91 .007 -12.47 -1.18 
3 -.63 1.91 1.000 -6.27 5.02 
4 1.87 1.89 .957 -3.70 7.44 

5 2.53 1.88 829 -3.01 8.06 

6 -1.68 1.91 .976 -7.33 3.96 
7 3.65 1.93 .486 -2.04 9.33 

3 1 -6.20* 1.90 .019 -11.80 -60 
2 .63 1.91 1.000 -5.02 6.27 
4 2.49 1.88 .838 -3.03 8.02 

5 3.16 1.86 .620 -2.34 8.65 

6 -1.06 1.90 .998 -6.66 4.55 

7 4.27 1.91 .278 -1.37 9.92 

4 1 -8.69* 1.88 .000 -14.22 -3.17 

2 -1.87 1.89 .957 -7.44 3.70 

3 -2.49 1.88 .838 -8.02 3.03 

5 .66 1.84 1.000 -4.75 6.08 

6 -3.55 1.88 484 -9.08 1.98 

7 1.78 1.89 .966 -3.79 7.35 

5 1 -9.36* 1.86 .000 -14.85 -3.86 

2 -2.53 1.88 .829 -8,06 3.01 

3 -3.16 1.86 .620 -8.65 2.34 

4 -.66 1.84 1.000 -6.08 4.75 

6 -4.21 1.86 .263 -9.71 1.28 

7 1.12 1.88 .997 -4.42 6.65 

6 1 -5.14 1.90 097 -10.75 46 

2 1.68 1.91 976 -3.96 7.33 

3 1.06 1.90 .998 -4.55 6.66 

4 3.55 1.88 .484 -1.98 9.08 

5 4.21 1.86 .263 -1.28 9.71 

7 5.33 1.91 .079 -.31 10.98 

7 1 -10.47* 1.91 .000 -16.12 -4.83 

2 -3.65 1.93 486 -9.33 2.04 

3 •4.27 1.91 .278 -9.92 1.37 

4 -1.78 1.89 .966 -7.35 3.79 

5 -1.12 1.88 .997 -6.65 4.42 

6 -5.33 1.91 .079 -10.98 .31 

Based on obsen/ed means. 

The mean difference is significant at the .05 level. 

Table 12. Results of Post Hoc Analysis On Post-Gain 
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As illustrated in Figure 18, the sessions with content structuring (Mean = 29.89) 

performed significantly better than those without it (Mean = 25.73, P = 0.001). 

Structuring vs. Non-Structuring 

1 — W i t h  s t r u c t u r e  

! —•—Without Structure i 
1 ; 

Figure 18. Performance Comparison Between Structuring vs. Non-Structuring 

Multiple Comparisons 
Dependent Variable: Post_gain 
Tukey HSD 

Mean Difference (I-J) Std. Error Sig. 
(I) MEDIA (J) MEDIA 

2 1 -1.33 1.45 .627 

3 -5.34 1.46 .001 
1 2 1.33 1.45 .627 

3 -4.01 1.46 .016 
3 2 5.34 1.46 .001 

1 4.01 1.46 .016 
* The mean difference is significant at the .050 level. 

Table 13. A Comparison Between Three Types of Media 

a> 9 
J Q. 30 
c O __ 

J ffl 20 

Media 



133 

From results of a comparison analysis on MEDIA shown in Table 13, we find that among 

three formats of media presentation (video and slides only, slides and lecture notes only, 

and all three), the sessions with MEDIA = 3 (The sessions 1 and 3, mean = 30.90) 

significantly outperformed sessions with MEDIA = 1 (The sessions 4 and 6, mean = 

26.89, P = .016) and MEDIA = 2 (The sessions 2 and 5, mean = 25.56, P = .001). 

Meanwhile, there was no significant difference in performance between the sessions with 

MEDIA = 1 and the ones with MEDIA = 2 (P = .627). Since the only difference between 

MEDIA = 2 and MEDIA = 3 setups was that sessions with MEDIA = 3 presented 

instructional videos, while sessions with MEDIA = 2 did not. Therefore, in this 

experiment, the presence of an instructional video significantly improved learning 

performance, which supports hypothesis 5. 

At the end of this study, we again required subjects to fill out a questionnaire as we did in 

the first experiment. Satisfaction was determined as the average score of three questions, 

each based on a 7-point Likert scale. The results are shown in the following figures and 

tables. Table 14 shows means and deviations of satisfaction levels of online groups. 

Table 15 demonstrates the results of 3 x 2 ANOVA, with media and structuring as 

independent variables and level of satisfaction as a dependent variable. 
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Descriptive Statistics 

Dependent Variable: Perceived_Satisfaction 

Media Structuration Mean Std. Deviation N 
1 0 5.78 .89 37 

1 5.89 .87 35 

Total 5.83 .87 72 

2 0 5.66 .91 38 

1 5.74 .75 34 
Total 5.69 .83 72 

3 0 5.94 .84 35 

1 6.46 .56 35 

Total 6.20 .75 70 

Total 0 5.79 .88 110 

1 6.03 .79 104 

Total 5.91 .85 214 

Table 14. Descriptive Data of Satisfaction Levels of Online Groups 

Tests of Between-Subjects Effects 

Dependent Variable: Perceived_Satistaction 

Source 
Type III Sum 
of Squares df Mean Square F Slq. 

Corrected Model 14.576® 5 2.915 4.408 .001 

Intercept 7464.894 1 7464.894 11287.847 .000 

MEDIA 9.562 2 4.781 7.230 .001 

STRUCT 2.856 1 2.856 4.318 .039 

MEDIA • STRUCT 2.127 2 1.064 1.608 .203 

Error 137.555 208 .661 

Total 7618.000 214 

Corrected Total 152.131 213 

a- R Squared = .096 (Adjusted R Squared = .074) 

Table 15. Effect of Media and Content Structuring on Learner Satisfaction 

From the above results, we found that both media and content structuring led to different 

levels of learner satisfaction. The sessions with structured content generated significantly 

higher learner satisfaction with the learning process than sessions without it (F( 1, 208) = 



135 

4.318, p = 0.039 ), which supports hypothesis 2. In addition. Media setup also influenced 

learner satisfaction (F(2, 208) = 7.230, p = 0.001), which supports hypothesis 6. Among 

all LBA sessions, subjects in session 1 had the greatest satisfaction (mean = 6.46). 

In general, the results of this experiment supported all of our hypotheses at 95% 

confidence level: 1) both structured multimedia content and instructional videos can 

improve learning effectiveness in a virtual mentor, 2) learner satisfaction is increased 

when multimedia content is structured, and 3) given the same amount of time, a virtual 

mentor with all three media presented in a structured and synchronized manner can 

outperform classroom learning. The results also reveal that different media setups 

significantly affect learning outcomes and learner satisfaction. In this experiment, 

students had best performance and highest satisfaction when leaming content was 

presented simultaneously in all three media. It is interesting and encouraging to see that 

although we used different leaming contexts and subjects in experiments 1 and 2, we 

obtained consistent results for our hypotheses. 

From the subjects' questionnaires after the two experiments, we also received many 

comments from subjects about the LBA system. Some of them were as follows: 

"Overall, this is a great system for those unable to attend a traditional class. " 

"I think this is a very effective and neat way to present knowledge to people. " 

"I hope we can use this system in the future. It makes it much more convenient for us." 

"This would be a great asset to the University." 
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"The system was really good. It would be very beneficial to make up for a missed 

lecture." 

"It  is boring to watch the computer screen. "  

"I still prefer to face-to-face classroom learning." 

6.2 Evaluation of Video Indexing and Retrieval 

We conducted an evaluation of video retrieval using the LBA system. The test-bed was a 

collection of 468 video clips in community development domain, which covered many 

important issues such as fundamental concepts and practical strategies in this field. The 

clips were made by a domain expert for training new employees in community 

development agencies. None of them was longer than 3 minutes. The headlines of clips 

defined by the expert were used to generate question prompts in the evaluation. For 

example, one of the questions was "How to analyze a financial environment?" The 

average length of a query was 5.81 (words). We submitted 30 natural language questions, 

for each of which there were at least I and at most 5 relevant clips in the video 

repository. The retrieval results were analyzed using well-accepted measures for 

information retrieval: precision and recall. Precision refers to the reliability of the clips 

retrieved, calculated as the total number of appropriate clips returned divided by the total 

number of returned clips. Recall refers to the percentage of the number of relevant clips 

retrieved out of the total number of relevant clips that should have been retrieved. 
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We performed a comparison test using the same set of 30 questions. First, we used 

traditional keyword-based search, which relies on a full-text indexing strategy and a 

TF*EDF weighting scheme. Then, our two-phase retrieval system in LBA was used. Our 

ultimate goal in video searching is to make the returned relevant clip list as short as 

possible without missing any of interest. Therefore, in the evaluation, when the system 

identified more than 5 candidate clips, only the top 5 were returned to learners; if there 

were fewer than 5 clips, the system would return all of them. The results are shown as 

follows: 

Precision Recall 

Traditional Search 28.4% 48.5% 

Two-phase Approach 37.2% 62.6% 

Table 16. Evaluation Results of Two-Phase Video Retrieval 

The results show that the precision and recall of two-phase approach were significantly 

higher than those of the traditional approach. When the LBA system cannot find any 

relevant clips, it plays a 'Sorry' video clip prepared in advance that says "Sorry. We 

cannot find any relevant information at this time." 
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7. CONCLUSION 

A virtual mentor like LBA provides a multimedia-based online learning environment that 

supports learner-content interactivity and flexible learning control. It is primarily geared 

toward self-directed and just-in-time learning. With the advancement of technologies and 

globalization, we believe it will have a very promising future. 

7.1 Research Findings 

The results indicate that when a virtual mentor provides content-based structural support, 

it can help learners improve their learning effectiveness and offer much more process 

control. The majority of subjects in experiments commented that they liked the flexibility 

that the LBA system provided, especially the capability of controlling their own learning 

pace and content. Without content structuring, synchronized integration of multimedia 

instructions will be very difficult. 

There is at least one possible explanation the LBA group with structured content and 

video outperformed the traditional classroom session. In a classroom, learning is 

instructor-centered and sequential. The instructor controls the content and learning pace. 

Although many instructors encourage students to ask questions during lectures, for many 

reasons, most students do not question or ask for repetition in the class, even if they 

cannot understand what the instructors have said. They do not have an opportunity to 

listen again to what the instructor has explained. As college enrollments increase, it 

becomes more and more difficult for universities to meet the demands of the growing 
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population in the short run. As a result, class size will have to be larger, resulting in less 

personal interaction in traditional classrooms, which significantly reduces the advantage 

of immediate feedback in classroom learning. A virtual mentor like LBA emphasizes 

learner-centered activity. If students do not understand a particular statement, they can 

always review/listen to it again and again until they understand. The experimental results 

validate the proposition in MSRT that content structuring can improve the effectiveness 

of a virtual mentor. The structural support of content also enables synchronization of 

multimedia instructions in order to simulate a traditional classroom environment. The 

study also indicates that learner satisfaction is significantly increased when the structured 

content is available. 

We can attribute the usefulness of instructional videos to three perspectives. The first 

comes from the perception that videos can reinforce learners' understanding and memory 

because they present information in a multi-sensory way. According to media richness 

theory and related research, video is a rich medium that is able to convey multiple verbal 

and nonverbal information cues, use natural language, and have a personal focus. Past 

research has placed video higher than text on the richness hierarchy, as Daily (1994, 

p. 192) argued; "One of multimedia's strongest contributions to learning is increased 

visualization." The second perspective relies on the extra value of instructional videos 

added to the understanding of content. If a video contains only a talking head without 

providing any other extra visual cues that contribute to a learners' understanding, then 

maybe audio is enough. In our experiment, the instructor went through some detailed 
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examples on the blackboard when he explained some concepts. A couple of examples in 

videos were not available in slides and lecture notes. In other words, videos in our study 

provided extra help to students. Finally, based on findings in previous research, the 

presence of video instructions can increase learner engagement and make learners more 

focused than does e-Leaming without videos. 

The comparison of learning performance among LBA groups with different settings 

revealed that the LBA system presenting structured and synchronized videos, 

presentation slides, and lecture notes together outperformed traditional classroom 

learning and other online learning settings. The possible reason is that the complete and 

structured LBA system provided the richest information cues in a virtual mentor that is 

similar to a classroom setting, with which leamers are already familiar. 

Like other online learning systems, the preparation time for online learning material in a 

virtual mentor like LBA may be significantly more than preparation time for a traditional 

classroom lecture. Expertise in videotaping and processing instructional videos is needed. 

In addition, a database should be created in advance. Therefore, from the perspective of 

knowledge sharing and reuse, a virtual mentor should be more cost-effective in the long 

run. 

Our study does not imply that a virtual mentor will replace traditional classroom learning. 

In fact, we consider it as a complementary solution to classroom learning that is 
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especially beneficial to remote and life-long learning and training. Naturally, not every 

student will find a virtual mentor to his or her liking. For one thing, a virtual mentor, like 

any other e-Leaming systems, requires maturity and more self-discipline from students 

than conventional education. Some people may argue that while a virtual mentor can add 

some value to an education, it cannot replace life on a real campus. Through the 

experience of taking classes and interacting with instructors and other students, students 

gain more than just textbook knowledge. Most students do not want to pursue online 

degrees. Kumar et al. (2001) conducted a study to evaluate student perceptions of e-

Leaming and concluded that although students seemed to be interested in virtual 

education, they were not willing to enroll in virtual education degree programs. Another 

study from Wilson and Mosher revealed that some learners felt intimidated by the 

technology employed in delivering a course remotely (Wilson & Mosher, 1994). 

There are also logistical questions. Quite probably certain types of instruction may not be 

suitable for putting online. That being said, we believe although a virtual mentor will 

never replace traditional classroom education, it will keep growing as an efficient and 

indispensable component of remote and lifelong learning. It is becoming more and more 

pervasive in our life. Our responsibilities as researchers are to explore how to create an 

appealing and effective online learning environment, to get learners more engaged, and to 

help them better understand subject matter. 
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We also had some other discoveries during the evaluation of the two-phase approach to 

video indexing and retrieval. First of all, although the NLP research has made remarkable 

achievements in the past decades, it has not yet reached the anticipated level because of 

the tremendous complexity and ambiguity of human language. Second, we believe that 

further semantic analysis of questions and clip transcriptions can improve retrieval 

performance. For example, we might develop a set of grammar rules to identify more 

detailed semantic relationships between different terms within a sentence based on 

Fillmore's Case Grammar (Cook, 1989). 

7.2 Contributions and Limitations 

In this dissertation, we propose a concept called virtual mentor, which refers to a self-

directed, flexible, and interactive multimedia-based e-Leaming environment. We have 

developed a theoretical framework called Media StructuRalization Theory (MSRT) for 

facilitating the design and development of virtual mentor systems. The theory consists of 

a set of propositions that aim at improving the effectiveness in an online learning 

environment. Based on this framework, we built a prototype virtual mentor system called 

LBA. Then, we used LEA to validate some of our hypotheses in the MSRT. The results 

from empirical studies show that the content structuring can significantly improve 

learning performance and increase learner satisfaction. Instructional videos that add 

values to help people's understanding can improve learning performance as well. 

Students in an e-Classroom with structured and synchronized videos, slides, and lecture 

notes can outperform those in a conventional classroom. The study demonstrates the 
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importance of a virtual mentor to provide content-based structural support. We strongly 

believe that the MSRT framework can be applied to other computer-aided learning with 

multimedia content. 

In addition, to enable learning by asking questions, we have developed a novel natural 

language approach to automatic video indexing and retrieval for instructional videos in a 

virtual mentor. The algorithm is described and a preliminary evaluation shows 

encouraging results. 

There are some limitations of this study. First, learning styles that individual subjects 

preferred were not taken into consideration during the assignment of sessions, which may 

have had some impact on their performance. Second, we did not separate the influences 

of images and sound of the video in experiments. It will be interesting to conduct further 

research on how much the presence of only the audio track of a video can influence 

learning performance. Third, we only used two different learning contexts in the study. It 

will be interesting to categorize learning material and investigate whether different types 

of content make any difference in teaming outcomes. In addition, we assumed that 

subjects were homogeneous in terms of learner characteristics. A limitation of the 

evaluation of video indexing and retrieval was the relatively small size of the video 

collection and question set. 
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7.3 Other Issues of e-Leaming and Future Research 

There are many other important issues that have not been discussed in this thesis. For 

example, copyright and license agreements of electronic learning materials must be 

considered in order to avoid illegal use. Issues of trust, authorization, confidentiality and 

individual responsibility have to be explicitly specified. Some encryption techniques and 

digital signature methods have been adopted to protect knowledge on the Internet. 

Owners of intellectual property should be compensated when their knowledge (electronic 

learning materials) is distributed to learners via the Internet. Therefore, e-Leaming 

systems must be able to record a learner's charges and receive payments. The Internet 

accounting and billing service for an e-Leaming system need to be well designed and 

established. 

Security management over the Internet is a growing challenge, primarily because of the 

open hierarchy of this universal network and expanding access to it by the public. In an e-

Leaming system, security becomes a very fundamental requirement to protect 

information such as lectures and student discussions for use by registered students only, 

online tests and quizzes, sensitive information in group projects, and online payments 

(Kouki & Wright, 1999). E-Leaming systems should satisfy following security elements; 

access control, which avoids illegal access to instructional materials; authentication, 

which ensures that the senders of online documents (e.g. student assignments) at a remote 

site are really who they claim to be; integrity, which attempts to ensure that the received 
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content is the same as when it was sent; accountability, which proves the occurrence of a 

transaction that really takes place; and information privacy. 

Authoring is another critical issue. Before anything can be distributed over the Internet, 

the information and knowledge need to be organized into an appropriate language or 

format. Some degree of post-processing will be needed in order to provide a quality 

learning experience. Editorial standards will need to be established to guide the writing 

and proofreading of clear and readable multimedia instructions for online presentation. 

Since multimedia materials are used in a virtual mentor system, rapid transmission speed 

is highly desired. DSL (Digital Subscriber Line) is a much more effective way to utilize 

existing copper telephone lines and provide secure, reliable, high-speed Internet access. 

With DSL service, users can benefit from Internet speeds that are up to 25 times faster 

than a traditional 56 Kbps modem. Nowadays, Internet backbones operate at megabit 

speeds. The next goal is gigabit networking that is able to transfer data via the Internet 

much faster. We tested the performance of LBA by using a DSL connection at home and 

found no significant delay compared with the TI connection at the university, which 

normally has a 3 to 4 second latency for playing an instructional video. 

The future research includes; 
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• Investigation of the impact of different learning contexts on the effectiveness of 

virtual mentor systems. In other words, what type of content is suitable for it and 

what is not. 

• Study of potential influence of various human characteristics on online learning 

• Exploration of the effects of learning style flexibility on learning effectiveness. 

Different people prefer different learning styles. Some like to watch the video 

image and hear the audio, while others may like to read the text. If an e-Leaming 

system provides flexibility for learners to choose their own styles, will their 

learning performance be improved? 

• Improvement of two-phase video indexing and retrieval scheme 

Constantly improved technologies will significantly boost the capacities, robustness, and 

speed of the network, so that the transmission of multimedia-rich learning materials will 

be much faster than it is today. More and more people have easy and inexpensive access 

to the Internet. In the meantime, the cost of online learning will be reduced dramatically. 

As learning "anywhere, just-in-time" changes the expectations and assumptions of our 

economy and society, virtual mentor environments can lead to a bright future for 

individuals, communities, and countries worldwide. 
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